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INTRODUCTIONO
U
Thelll.S.[Gover nment@ndManotechnology [

O
Nanotechnol ogyhol ds[promi selfbldramati cally[dhangelthany@spectsiof thelworl dihiwhichiwel]
live.[Thelrangeland(Scopelof [thelpotenti al [économi cland(Soci etal (benefitsifrommanotechnol ogies]
isiSolstaggeringlit(hasbeen(dal l edthe[INextIhdustrial [Revol ution” .[ 1] [Recogni zingthelarge
potential [fior [fanotechnol ogi es,thelFY 2001 [Federal Budget(ihcludedSupportfor@haj or new
initiativelonfanotechnol ogy.[Thelati onal INanotechnol ogy(Ihitiativel(NNI) Wasléstabli shedBy[]
thelll. S.[Government[fblpromotellbng-terminanoscal elfiesearchlandldevel opment Teadi ngiol]
potenti al [(Breakthroughsiihlareasirangi nglfrommaterial slandmhanuf acturi ngfbbi otechnol ogy@nd]
agricultureliblnati onal [Security@ndDef ense, [@ndmhany[dthers.[ThelM NI [Greatesalfiesearch(]
infrastructurelDyldoordinati nglactiviti es[Suchlasfundamental [fesearch, [Grand[Chal | enges{which]
will Beldescribedlater),[@ndldentersiandinetworkslof [excell ence, [Ectivitieslthat [@rel@l | [potential |y ]
high[payoff@ndbroadlyenabling.[ThelNIevol vedfromipublicati onsiduthoredBythel]
I nteragencyWVorking[Grouplonanosci ence, [Engi neeringl@ndTechnol ogy[(IWGN) [ 2] [@ndlik[]
currently[Supported@ndimonitoredbythelWGN'siSuccessor, the[SubcommitteeldonNanoscal e[l
Science, [Engineering,[@ndTechnology (NSET).[ 3] IN[FY 2001, fhelfbtal [ihvestment Dy theNSET]
agenci esihifanotechnol ogy Waslesti matedfoBe$422(rmillion, [6f Mvhich I ST (hasihvested]
approximately[$13.5million.C]
O
ThelMNIexemplifieslthelgovernment'sidritical [fiol elih[promoti ngltheldevel opment[0f (new(Sciencel]
and(technol ogy.[For(dlarity'siSake,elshoul difirst[donsi der What(fypeslof [thi ngsiweldefi nel@sl]
nanotechnol ogy. [A sk[@nyI(scienti st,[@ngi neer, [0r Tayper son(for [@ldefi nition[of [Aanotechnol ogy, [@nd ]
youlwill[most(likelylreceiveldveryldifferentl@nswer.Inhanyldases, litlisldonsi deredhardibl]
define; Mikelgoodart, mostpeopl e[knowlitwhenlthey(Seelit” [Buthaveldifficul tyléxpl ainingltih]
general.[Thus,Weluseltheldefinitionlof nanotechnol ogy(gdivenDythe SET: [
O

Nanotechnol ogylisidefined@slthelabilityfolor kiattheldatomic,mol ecul ar [Or [1

macr omol ecul ar Tevel s, lihlthellengthlscal eldf[appr oxi matel y[1[-[100mmirange, ih(or der (1

toldr eate, [mani pul ateldndUseltr uctur es, [devi cesland(SystemslihatRavelnovel [

propertiesi@andiuncti onslbecauselof thelsmal | [Si ze.[Thelnovel [@nd(differ entiating ]

propertiesi@ndiunctionslar eldevel opediat[@ldritical (lengthlscal elof matter [ypical ly[]

under [100mm.Manotechnol ogylincludeslintegr ationlof[fanoscal elstr uctur esliintol]

larger [mhaterial [Gomponents, [SystemslandIar chitectur eslthat[ar elusedinimost[]

industries, (Heal th(dar elSystems, [énvironment@ndmati onal [Security.Withinthesellar ger [

scal eldevi ces, [theldontr ol [And[donstr ucti on(aftheldevi cesifiemai nsiatthelanolscal e. N[

somelparticular [Gases, [theldritical TengthlScal elfor [novel [pr oper tiesiandiphenomenal

may(Belunder (1MmI{e.q.,[mani pul ationldflatomsat=0. 1[am)[ar [Belar ger than100MmL]

(e.g.,nanoparticlelrei nfor cedipol ymer sthaveltheluni quelfeatur elat[3200-300miasar]

functionlofthellbcal [Bridgesior Bondsbetweenltheldanolparti cles@andihelpolymer).[ 3] ]
O
It[is[driti cal ThatfhelFFederal [Jovernmentlisihvol ved(@t thi sistagelihtheldevel opment[of (]
nanotechnol ogy, [Si ncel"ltheldecessaryfundamental [fanotechnol ogy researchl@andidevel opment is[]
toolDBroad, [dompl ex, [@xpensive, Tong-term,[@ndIri skyfor[ihdustryfblundertake." [ 3] [Inhdustry[is[]
unabl elfbfund(dr isiunder-fundingldriti cal [Areaslof [[bng-termfundamental [research@nd]

v



[

devel opment(andlisinot(devel opi nglthenecessarynanosci encelihfratechnol ogi esineeded(iblreal i zel]
nanotechnol ogy’ slpotential .[]
U
In[Supportingthe NI, thelparti ci pati nglagenci esfundihe NI ilecommendedR& Dpriorities@slal]
function(of [thei rthi ssion, [dontingent[On(@vail abl elfesources. [T helstated(doal slof theNSET O
involveldevelopinga...[d
U
...coherent[@pproach(ior fundingltheldriti cal [ar easldf[nanosciencel@ndleéngineering, ]
establishinglabal anced@nd (il exibl elihfrastructur e, [@éducati ng@ndir ai ningthel]
necessar yiwor kfor ce, [and[promoti nglpar tner shi psliblensur elthattheseldol | ectivel]
resear chiactivities[providelaSoundlandBbal ancedfati onal [fesear chipor tfolio. By
facilitatingldoor dinationland(dol | abor ationl@amonglagencies, theINI il | haxi mi ze[]
thelproductivityl@nd(dtilityoftheFeder al [gover nment’ slihvestment(ihnanotechnol ogyl]
and(avoidunnecessarylduplication[of(éfforts.[ 3] ]
U
NI ST [@ndNanotechnology[
O
Thislreport(Gatal ogsltheleffortsiaf fheMati onal (Thstitutelof [Standards@ndT echnol ogy (NI ST) ih[]
nanotechnol ogylduring[FY [2001.[Thelpurposelof [thi slreport isiblprovidel@snapshot(of [Gurrent ]
effortslihinanotechnol ogy@t M1 ST [@ndIihidoi nglSolal | ow[Oneltolviewthelrol elof N1 ST [fesearchlin[]
context(of [thelfbtal [flederal [researchlfianotechnol ogyeff ort@ndfblunderstand NI ST [&ctivitiesih[]
theldontext[0f [ex pectedidemandsiand(strategi clthrusts.[Thelfeasonfor NI ST’ slbroad(ihterestin[]
nanotechnol ogy@ndiparti ci pati onlihfhel NI [Gan[Belrieadilyunderstoodlihfermsaf NI ST'sllong ]
standingpresencelinlthelheasurementsiandstandardsiarenalandihNI ST 'slrol elin[promotinglhigh-
riskfechnol ogy(researchlihlihdustry.[]
O
Tolensureliheldommercial (Wi ability[of [Aanotechnol ogy-rel ated(products,[Aanoscal elheasurementsl]
andldatalwill Becomeldriti cal folBothlprocessidontrol [@ndiqualitydontrol .[Additionally,[]
measurementsland(datalarelal soldriti cal [fbldevel opinglaldompl etelinderstandinglaf new ]
phenomena. [For [theselhethodslib[Succeed, [Several [thingsiieedibbeldevel opediwhi chidanbel]
groupediunderfhellieadi ngs: metrol ogy@ndlihfrastructure.[Formhetrol ogy, new@pproachesibl]
anal yti cal [fbol sineedibbeldevel oped@andlimprovementsimust belmhadelihthelphysical (]
understandinglof [Gurrentihstruments.Issueslthat &ri selin(thi sidategorylihvol velfhelncertai ntyih[]
interpretinglmeasurementslonimol ecul ar hateri al sSiand(thelproducti on(of [artif actsidueliblthel ]
measurement(fechni quesithemsel ves.[Wndertheldategory[df infrastructure, mewmeasurements, ]
standards,[@nd(data, [@relfieeded(ibbri dgefheldapbetweenfundamental (nanoscal elScience, [
engineering,@ndliechnol ogy(di scoveriesiihtonewdommercial [productsi@ndisServiceslandibimeet [
traceability[requirementslihat ay[@ri selfior [ihternational [frade. [
O
NIST’ slihi ssionlfor measurementsiand(standards(fior [industry@ndldther(scientificlinterestsigoesl]
back ibhtslflormati onin[1901Bythel@rgani clAct(Publicllawd77-56[Congress). NI ST [$]
L aboratorieslmaintai nlthelll.S. ati onal [Standardsfor @l | fundamental measurements, [ihcluding(]
length, [fime, Mass, (@ ectricldurrent, femperature, [étc.,[andfor[dozens(of [derivedimeasurements. 1t []
isithereforelnot[surprisingthatMI ST [shoul dipl ay[@keyrol elihiénablingladvancesinianoscal e[l
science,[éngineering, [@ndfechnol ogy@tlall Tevel s.N1 ST [istheref orelfakinglthelihitiativeol]
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[

guaranteeltheldccuracyland(precision(of ([hanoscal eléharacteri zati onlégqui pmentthroughlsci entificl]

devel opment{metrol ogy), [Standards,[@nd(dalibrationlSources.[]
U

NI ST slrol elininanotechnol ogy(isfot i mited(ibihelresearchlinlislbboratories. NI ST's/Advanced
TechnologyProgram({A TP),hasfunded(alSeri eslof [Aanotechnol ogy-rel ated(proj ectslinii nelwith]
itimissionliblAccel erateltheldevel opment(af ihnovativeltechnol ogi esfor [Broadniati onal [Benefit[]
throughlpartnershi psiwiththelprivatelSector.[ThelA T Pdo-fundslhi gh-riskresearchiprograms]
proposedi@ndidarriedigutBylihdustry.[Theselacti viti eslareldatal oged(ih(thi siieportasiwel . []

U

TolplacelthelNI ST [effortslinltheldontext(df thellarger [eff ortsiaf nanotechnol ogi eslwi thintheWS, [
welhaveladded(dmatrix[@fter[@achlproj ect/programilistedlin(thisireport. [Thelmatrix [isusedbl]
identifylwhichlof the[1Grand[Chal lenges’ [0f [anotechnol ogy, [@sldefined By N SET [[13,4] , that @[]

particul ar[project(or[programi@ddresses.[]

U

Currently,thelSet[df [Grand[Challengeslof Nanotechnol ogy, [asidefined By N SET , [ik: [

U

Grand[Challengel] Symbol[J
nanostructuredimaterial sbydesign™ [T MATO
nanoel ectronics,[0ptoel ectroni cslandimagneti csl ELECO
advancedhieal thcare, [therapeuti csland(di agnosti cs(IT] HEALTHO
nanoscal elprocesses(fior[@nvironmental improvement(] ENVO
efficient[@nergyldonversion@ndistoragel] ENERC
mi crospacecraftléxpl orationlandlihdustrializationl] SPACEL
bi 0-nanosensors{flor[dommuni cabl eldi seaseland bi ol ogi cal [threat[detectionl] BIOSENO
economi cal [and[saf elfransportation[] TRANS
national [Security[] SECURL[
nanoscal eléxperimental [fbol s[] METO
manufacturinglatfthelnanoscal e[ MANC]

O

Herelthelentrieslinthell1Symbol” [dol umniareldbbreviati onslusedibhel pihapNI ST [Gurrent]
programslontolthelN SET [Grand[Challengeslandlarelusedihfhelmatrix @fter[éachl]

project/program,lile.,[]

U

MATO| ELECO | HEALTHO ENVDO| ENERO | SPACEQ | BIOSENO| TRANSO | SECURO | METO | MANO
U O U O O U U O 0 U O

U

BylIbokinglatthelmatrix @fter[@achlaf Thelprogramiwrite-upsthelrel ationldf [@ach(of TheN I ST

programslibtheM SET [GrandChallengesidanibelrieadilyunderstood. ]
O
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Additional[Remar ks[]
O
Theleditors[of [thi sireport@ssembl ed(thi siSurvey, ot fbbeldomprehensi ve, Dutblgi veldilavor(of [
thelbreadthlaf [Gngoi ngleffortsiat 1 ST [ihtheinanotechnol ogy(arena. [T herel@reundoubtedl y[]
effortsatMI ST [fhat[Goul dibel@ssoci atedwith[nanotechnol ogy, [0r Wil | Benefit[fanotechnol ogyin[]
somelway, \Whichhavelnot beeni stedlih(thi sireport. ]
O
Theleditorsiwoul dlikelfblfhank[éveryonelwholprovidedthelihf ormati onldontai nedlih(thi sireport]
andhopelthat fhelihformati onldontai nedwithiniwill Belusef ul Tolthelreader.[]

ChadR.[Snyder[]
J.[Patrick(Looneyl]

Michael [P.[Casassal’]

NI STRepr esentativesiotheNSET]

February[2002[]
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ElectronicsiandElectricall[Engineering(ll abor atory(]

ThinFilm[ProcessM etr ology[]
O
Projectlleader/contact: (1
O  James[Ehrstein,[301-975-2060, jlehrstein@nist.gov]
O  SemiconductorElectronicsDivision,[EEEL ,[Gaithersburg

O
Approximatelgtaffing:
0 S5FTEO

O

Funding(Sources]
O  NIST{100%)C
O
Objective: O
Devel oplimprovementslinlaptical [and[@él ectri cal theasurementsiiecessaryfor [Eccurateléharacteri zation@nd
processidontrol [0f [driti cal [di el ectriclihi n{fil msfor[Semi conductor fechnol ogy, [parti cul ar[advancedidate[]
dielectricffilms.0]
O
Constituency: [
Semiconductor @l ectroni cslihdustryd
O
Principal[durrentfasks: [
o  Developlimprovedfilmithi cknessletrol ogy [for helfhanuf acturinglénvironment]
o  DeveloplBetter(understandinglof thelphysi cslandfunctional model sifior [Opti cal -, (el ectrical - [@ndphysical - [1
thicknessimodel s
o  Developldatabasesifortheldiel ectricfunctionslof [dvancedietal -oxi del@andrhetal -sili catefilms[]
o  Developlteans(forfapidlidentificati on[of [process-inducediéhangeslihfil midomposition(or(structurel]
o  Developlthechani smsifior theliraceability [0f thinlfil mimeasurementsiby ihdustry foM 1 ST.O
O
Additional lihformation: (J
Theselfilms@relflypicallyonlySeveral [Ranometersithi ck. [T helworkFocusesionidevel oping; @) improvedfilmO
thi cknessletrol ogy [for thelfhanuf acturi nglénvironment, () (Better [Ander standi nglaf thelphysi cslandfuncti onal hodel sC1
forldptical-, (el ectrical -[@ndphysi cal - thi cknessihodel s, [d) [databases(fior (fheldi € ectri clfuncti onslof [Advancedfhetal -
oxidel@ndetal -sili catelfilms,[@nd(d) heansifior [Bapi dlientifi cati onldf [process-i nducedidhangeslihfilmidomposition]
or[Structure. [Final ly, WelSeek fboldevel oplfhechani smsifor thelfiaceability [0f [thi nfi | mifheasurementsBy [ihdustry o]
NIST.O
O
Selectedpublications: [
1.0Diebold,A.,[Tanterbury, J.,[Chism,W.,[Richter,[C.[A.,Mguyen, M.V ., [Ehrstein,[1.[R.,@ndWeintraub, [T.,[]
Characterizationland[Producti on¥ etrol ogy[6f [(GatelDi el ectri c[Fil ms: [Opti cal M odel slfior [xynitridesi@nd i ghl
DielectriclConstantHilms, M ateri al siSci encelih[$emi conductor [Processing, ol . [4.,[pp.[3-8,2001.0
2.00Richter,[C.[A.,MNguyen, .V ., [Gusev, [E. [P.,[Zabel ,[T.[H.,@nd[Al ers,[G.[B.,[Optical [AndEl ectrical (Thickness[]
M easurementsiof (Al ternatelGateDiel ectri cs: [AFundamental [Difference, [Characterization@nd M etrol ogy for (1
UL SI T echnology:[2000,D.[G.[Seiler,[A.[C.MDiebold,T.[1.[Shaffner,[R.IM cDonal d, W.M.Bullis, [P.[J.[Smith, [
and(E.M.[Secul a,[Eds.[(A I P,MNewlY ork,[2001),[pp.[134-139.01

0
AlignmentWithMISET(Grand[Challenges: [
[
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ElectronicsiandElectricall[Engineering(ll abor atory(]

SinglelM oleculeM anipulation@ndM easur ement[]
u
Projectlleader/contact: (]
0  Michae [Gaitan,[301-975-2070, i chael .gaitan@nist.gov]
O  SemiconductorElectronicsDivision,[EEEL ,[GaithersburgC

t

Approximatelgtaffing:

0 3[FETEO

O

Funding(Sources(]

O NISTO

O

Objective: O
Theldbj ectiveliklibldevel oplsingle-mol ecul elfechnol ogi eslibladdress(si gnifi cantihaccuraci eslinthelBase-pairJ
orderinglihferredBy[presentdene-sequencinglfbol s, [&ffecting(Suchiwel |- publi ci zedéff ortsiasthelMuman
GenomeProject.[]

O

Constituency:

Biotechnol ogylihdustries]
O
Principal [@urrentfasks: O

¢ Developleasurementfnethodsifor [Structural [properti eslof [deoxyribonucl ei claci d{IDNA) iWsinglpores]

o Developltheldbilitydblihterpretfluorescencelfiesonancelenergyiransfer (FRET) [datalinambiguousl yon
singlelthol ecul eslandthethodsliblmeasurelthelStructurel@nddynami csof i bonucl ei claci d{RNA) [Standards[
andMhai rpin(Systems(]

o Developlthel@bilityfbimeasurelSinglelmol ecul esiSpectroscopically, s nglSurfacelénhancedRaman(]
spectroscopy[([SERS) @nd(optically,[lsingfivo-photon@ndUV [éxcitati onith(simul taneous(fiorcel]
measurements.]

o Develop(fabricationlfhethods{fornanometer-scal elel ementsiand [l uidi clSystemslthat il [fransport(Singl e[
molecules]

O
Additional ihformation: O
Thislispart(of @MNI ST-widelmulti-L aboratoryléffortlincludinglCSTL,[PL ,[@ndITT L ih{additi on[fb[EEEL .TThe
obj ectivelisibldevel oplsingl e-mol ecul elfechnol ogi eslibladdress(si gnifi cantihaccuraci eslihltheBase-pair[@rdering]
inferredBypresentdene-sequencinglibols, [@ffecting(Suchiwel |-publi ci zed[éff ortsiasthelH umanGenomeProject. [
O
Thelprogramiwill [ensurefhelihtegrity[of [SuchlBio-informati cldatabasesithroughtheldevel opment@nddtili zationlaf [EAC]
hi gh-throughput, i ngl ol ecul elfani pul ati on@nd theasurement [[SM ) [pl atf ormToldi rectly (fhani pul atel@and teasurel]
thelstructurel@andidynami cslof [Singl RN A [Gr D NA [fhol ecul es. Withi nithelfive-year [fl melSpan(af [thi sleffort, thel]
followingwill Beldevel oped: [A [pl atf ormiwil | Belproducedthatiwill [dombineltheseldapabilitieslfbimakelalsingl e[l
bi omol ecul eltheasurementivorkbench.O
O
Selectedpublications: [
1.0Herman,D.,[Gaitan,M.,[@ndIDeV oe,D.,M EM ST est [$tructureslior M echani cal [Characteri zation6f W L SI ThinO
Films,[Proc.[SEM [Conference,[Portland,[Oregon,Jun.[4-6,2001,B[p.00
2.[0Rasmussen,[A.,[Baitan,M., M ocascio,[I..,[andZaghl oul ,[M ., [Fabri cationT echni quesib[Real i ze[CM OS-
compatibleMicrofluidiciMicrochannels,[IM EM S,[10:[(2)[286-297,[June[2001.1

AlignmentWwithMNSETGrand[Challenges: [

g
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ElectronicsiandElectricall[Engineering(ll abor atory(]

Advanced(GatelDielectriclReiabilityM etrology[]
U
Projectlleader/contact: (1
O  John[3.[$uehle,[301-975-2247,[jbhn.suehle@nist.gov
O  SemiconductorElectronicsiDivision,[EEEL ,[GaithersburgC

O
Approximatelgtaffing:
0 3FETED

O

Funding(Sources]
O  NIST{100%)0

O

Objective: O
Thelobj ectives[of [thi slfesearchlarefoldevel opltheasurement hethodsor [determininglthelrel i abil ity [of Wl trathinC
gateldiel ectriclihaterial s,ihcl uding(Si O,[andldandidatelhi gh-k materi al s. [T heselmeasurement hethods@ndthe
understandingldevel opedidboutthelriliability(df [dateldiel ectri cslarelfransferredibihelSemi conductor ihdustry ]
throughlvol untary(standardsigroups,[dollaborati ons,@ndpublications.[]

O

Constituency:
Semiconductor @l ectroni cslindustryd
O
Principal [@urrent(iasks: O
o  Developltheasurementthethodslfor [determiningthelreli abilityof [Wiltrathi nigateldiel ectriclihaterial s
O
Additional lihfor mation: (J
Devel opinglandiranufacturing(Scal ed, Wl trathi nigateldi el ectri csifor futurelrni croel ectronicldevi ceslisegarded@sionel]
of fthelost(diffi cul tidhal | engeslby thel$emi conductor Iindustry A ssoci ation[(SI A) Minternati onal [T echnol ogy[Roadmap]
for$emiconductorsl{l TRS).[AslthelSemiconductorihdustry(Scal esidevi celéhannel [lengthslibiel ow180mm, [Gate[]
di el ectricsihustbelScal edfbhavelaniéquival ent[oxi delfhi cknessibel ow2MAm. [Wtra-thin[S$i O, [{thelgateldi el ectrichat ]
i sisedlihipresent(devi ces)éxhibitslargefunnelingldurrentsiandthelimpactOnidevicelreliability kot el |
understood.[An(@lternative, High-di el ectricldonstant [(hi ghlk) [Gateldi el ectri clSystemiil | Belfiequi redlasidevi ceslarel]
scal edfurtherlduelbfheléxcessi velfunnel ingdurrentsiéxhi bitedBy[Sub-2miSi O,. [T heldbj ecti vesof [thi sifesearchl@rel]
toldevel oplfheasurementethodslfor [determini ngthelrel i ability[of Wiltrathi nigateldi el ectriclihaterial s, ihcluding($i O,
and(Gandidatelhigh-khaterial s.[T heselfheasurementtethodsandhelinderstandingldevel oped@boutfhelrel i ability [0f (1
gateldiel ectri cslarelfransferrediibihelSemi conductorihdustryfhroughilol untaryStandardsigroups, [@ol | aborations, [@nd ]
publications.
O
Selectedpublications: [
1.0Vogel,[E.M.,[andMisra,lV .,IM OSIDevicelCharacteri zati on, ith(Handbook [0f [Sili con$emi conductors]
Metrology,[A.[C.Diebold,Ed.[(M arcel Iekker, Thc.,NewlY ork EBasel,[2001), [pp.[59-95.00
2.[Vogel,[E.[M.,[Edel stein, V. [D.,@ndSuehl e, 1. [S. ,[Defect[Generati on@ndBreakdown(of Wtra-ThinSiliconO
DioxidelinducedBy[SubstratelHotH ol ellnj ection, LJournal [0f (A ppliedPhysi cs, ol .90, [Mo. B, [Sept. [1,[2001, [pp.[

2338-2347.0
O
AlignmentiithMISETGrandChallenges. [
O
MATO | ELECO | HEALTHO ENVO| ENERO | SPACED | BIOSENO| TRANSO | SECURO | METO | MANDO
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U



ElectronicsiandElectricall[Engineering(ll abor atory(]

Scanning[ProbeMicroscopelM etr ology ]
u
Projectlleader/contact: (]
0  JosephKopanski,[301-975-2089, jbseph.kopanski @nist.gov]
O  SemiconductorElectronicsDivision,[EEEL ,[GaithersburgC

O
Approximatelgtaffing:
O AFTEOD

O

Funding(Sources(]
0  NIST{10000)0

0

Objective: O
Providelsiliconl@nddompound(Semi conductor thanuf acturersiwi th(advanced(Scanning-probelél ectrical O
metrol ogy(fechni quesiandimhodel siiblimproveldeviceperformance@ndireliability. [

0

Constituency:
Semiconductor @l ectroni cslihdustryd

O

Principal [@urrentfasks: O
e  Providelthelfechnol ogydomputer-ai dedidesi gn[{IT CA D) [@ommunity Wi thlquantitati vefivo-dimensional [

dopant(profil esibldalibratelandénhancelthelpredictivityof [Process§ mul ators]
o Developlmetrol ogy[fechniquesiandidatalinterpretati onlmodel sifor fhelScanni ngldapaci tancelmi croscopel ]
(scm)o

O

Additional ihformation: O
BecauselScanninglprobelhi croscopesidanimhakelhmeasurementsiwi thTessithanonefanometer [Spatial [fesol ution, ]
they(areldneldf [@veryflewfechni quesivhi chidanl@ctual |y [probelwi thinfthelihternal [Structurelof (State-of -the-art [
transi stors.[Thelgoal [df [thi siproj ectlikibprovideldili conl@and(dompound(Semi conductor hanuf acturersiwith
advancediscanning-probelé ectri cal hetrol ogy fechni quesi@ndimodel sitblimproveldevicelperf ormanceland
reliability.I

O

Selectedpublications: [

1.0Marchiando,[1.[F.,[K opanski, [J.[1.,[@nd[Al bers,[J.,[MLimitati onslof (the[Cal i brati on[CurvelV ethodfor D etermining ™
DopantProfilesfromScanningCapacitanceli croscopel easurements,[J.[V ac.[Sci . [Technol . [B[A8([{11), [
Jan/Feb[2000,pp.[414-417.0
2.[Kopanski,[J.[J.,Marchiando, [1.[F.,@nd[Rennex, B. 6., [Scanni ng[Capacitancel i croscopy for M easuring[]

DevicelCarrier[Profil esiBeyondthe100imiGenerati on, Di gest(df [Papersiof The[2000nternati onal (1
MicroprocessesiandManotechnol ogy[Conference, [at[T hellUniversity[af [T okyo, T okyo,Japan,July[11-13,[2000,

pp.[250-251.0
O
AlignmentWwithMNSETGrand[Challenges: [
O
MATO | ELECO| HEALTHLO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANO
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O



ElectronicsiandElectricall[Engineering(ll abor atory(]

Linewidth@nd[O@verlay[Standar dsfior anometer (M etr ology [
0
Projectleader/contact]
O  MichaelW.[Cresswell,[301-975-2072, thichael .cresswel | @nist.gov]
O  SemiconductorElectronicsiDivision,[EEEL ,[GaithersburgC

O
Approximatelstaffing: O
O SHETEC

O

Funding(Sources:
O NIST[{100®6)O

O

Objective:O
Devel oplikest-structure-based(él ectrical [fhetrol ogy (hethodsland(rel atedrief erencelfhaterial siwithprimary
emphasi slonli newi dthifhetrol ogy@nd(dalibrati on; [dontri butefolStandardslorgani zati onsSupportingthell
devel opment[of [fhetrol ogy[Standardsfior fhelSemi conductor ool ihdustry. [

O

Constituency: [
Semiconductor(électronicsihdustry(]
O
Principal [durrentfasks. [
o  Developlprototypeldritical [dimension[{ICD)referencelthaterial slfor[dalibrating(li newi dthlthetrol ogy (]
instruments]
O
Additional ihformation: O
Thelfiechni cal @pproachldevel oped(forfiabri catingthelprototypelli newi dthithateri al sSiempl oy sipatterni nghwi th I ttice-
planelSel ectivelétcheslof [thelki ndltised(ihisi li conlrni cromachi ning. [T hi sifesul tslih(ref erencelfleat uresiwi thidatomical ly [
planar(sSidewalls.[[5iliconlwaf ersidontai ni nglfest (¢hi psiwi ththeselfleaturesiwerefhenlfeasuredis ngTbw-cost, [But ]
verylaccuratelandlreproducibl e, (€l ectrical [heasurements. I5i ncelfheldccuracy[0f theselel ectri cal [CD [heasurements(]
wasnotRnownlalpriori,[@Sel ectionldf featuresiwerelfheasureditisi ngHigh[Resol uti on[T ransmi ssion(El ectron]
Microscopy[(HRTEM)[fblresol velthelsiliconllettice. THRT EM [providesifanometer-level [accuracy, ButislSampl e-
destructivel@ndiklprohibitivel y[dostlyfbimpl ementfor[fouti nelihspecti on. [T helktti celpl anesiprovi deldBbuil t-inul er ]
(thelSeparati onsof [thelSili conllatti celpl aneslarelverylaccuratel ylknown) that [islisedfbldal i bratelfhele ectrical
measurements. T ypi cal (feferencefleaturesiarelSeveral - hundredatti celpl anesiwi de. [T helprototypelhaterial sithat havel
been(deliveredfoISM T Havelli newidthsof [80mm-140mmland(arelintendedfor [dselwith@dvancedI(Gircuitsthat Wil | T
belihtroduced(@roundthelyears2003-2005.
O
Selectedpublications: [0
1.0Cresswell,.W.,[and[Allen,[R.[A.,[Electrical [CD M etrol ogylandRel ated[ReferencelM aterial s, [ih[Handbook(af (I
Siliconl$emiconductorsii etrol ogy, [A.[C.[Diebol d,[Ed.[(Marcel ekker,Tnc., NewlY orkEBasal,[2001),[pp.
377-409.00
2.00Cresswell, M .0W.,[Arora,[N.,[Allen,[R.[A.,[Murabito,[C.[E.,[Richter,[C.[A.,[Gupta,[A.,Linholm, L. [W.,[Pachura,[]
D.,[@ndBendix,P.,[Test[CThiplfor[El ectrical (Linewidth(of [Copper-I nterconnecti onFeaturesiandRel ated]
Parameters, [Proceedi ngsiof the[2001MEEEnternati onal [ConferencelonV i croel ectroni cT est[Structures, K obe, [
Japan,Mar.[19-22,[2001, ol .[14,[pp.[183-188.00
3.0Cresswell,1.AW.,Bonevich,.[E.,[Allen,[R.[A.,[Guillaume,N. . [P, [Giannuzzi,[IL.[A.,[Everist,[$.[C.,00
Murabito,[C.[E.,[Shea,[P.[J.,[@ndIinhol m,@.[W.,[El ectrical [Linewidth[T est[StructuresPatternedih{1L00) I
Silicon-on-Insulator [for (W sel@sCD [Standards, MEEET ransacti onsion[$emi conductor M anufacturing, Vol .[14, 0

no.4,2001,[p9.00
O
AlignmentithNSETGrand(Challenges[]
O
MATO| ELECO| HEALTHO ENVO| ENERO| SPACEO| BIOSENO TRANSO| SECURDO| METOl MANO
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ElectronicsiandElectricall[Engineering(ll abor atory(]

Nanostructur elfFabrication@ndM etr ology[]
0
Projectleader/contact: (]
O  RichMirin,[303-497-7955,mirin@boul der.nist.govll
O  OptoelectronicsiDivision,[EEEL ,[Boulder]

O
Approximatelgtaffing:
0 6.2FTEO

O

Funding(Sources: J
0  NIST{1000)0

O

Objective: O
Devel oplheasurement(fechnol ogy[andifethodsbased(onlépitaxial [Semiconductorfianostructures.[Devel opew]
techniqueslib(fabricate, [@haracterizel@andhodel [anostructures.O

O

Constituency:
Optoel ectronicslindustry, [fanoscal elthetrol ogyéqui pment[devel opers,[andifheasurement ihstrumentation]
manufacturers’]
O
Principal [durrentiasks: O
e  Generatelsinglelphotonsionidemand((singlelphotonfurnstile)
Capacitancelspectroscopy(df [ensembl esiof [quantumidotsi@ndlihdividual [quantumidots]
Singl elphotonldetectorsibasedOniquantumidots]
Singlel[quantumidot[@bsorptionlmeasurements’]
Etch2D[@nd3D [photonicldrystal slisingléhemi cal ly-assi stedlibnBeamiétching ]
M odel [photonicldrystal s
M easurelandtodel [quantumidot,Semi conductor [@ptical @mplifiers]
M ol ecul ar [Beam(epitaxy[0f [Sel f-assembl ed[quantumidots]

O
Additional ihformation: O
NI ST isldevel opi nglthelfabri cati on[andmetrol ogy [0f [Gompoundisemi conductor [fianostructureslibSupportthe
optoel ectroni cslihdustry(ih(thi si@rea.[MControl [@ndimheasurement [0f (thelsi ze, [Tbcati on,[@nd[dpti cal (properti esof [
nanostructuresiarelfundamental fb(thei r[@pplicati ons. [For [éxampl e, thelflesonant @bsor ptionldross-sectionslandihel
homogeneouslinewi dthslof [quantumldotsihaveotyet Beenfeasured. i ngl elphotonideneration@ndldetectionBased [
on(dinglelquantumldotslisbhei nglpursued. T hellltraf ast[properti eslof [quantumidotsih@wavegui del@reBeinglStudied
forlthelreali zati onlaf [thelfext-generati onlaf [Opti cal [devi ceslSuchlasTaser [di odes, [photodetectors, [@nddptical [
amplifiers.Photonicldrystal sifor[dontrol [0f (theldi ngl elphotonsiarelbei nglinvestigated.[]
O
Selectedpublications: [0
1.0R.P.Mirin,I.L.[Silverman,D.H.[Christensen,@nd[A.[Roshko,[INarrowPhotol uminescencelllinewi dths[From
Ensembl es[of (el f-Assembl edInGaA slQuantumDots', [Jour nal [df Wacuum(Sciencel@ndTechnol ogy. BASI(3),]
1510-1513[{2000).0
2.[0R.P.IMirin,[A.C.[Gossard,[@andll.E.Bowers, [NCharacterization[of InGaA slduantumidot Taser siwi th[@Si ngl e[
guantumidotThyer@sian(activelregion”,[Physi calE[2[{1-4),[738-742[(1998).]
O

AlignmentWithMNSETGrand[Challenges: [
O
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ElectronicsiandElectricall[Engineering(ll abor atory(]

Semiconductor Nanostructur efArrays(]
0
Projectlleader/contact: [
O  KrisBertness,[303-497-5069, Bertness@boul der.nist.govll
O  OptoelectronicsiDivision,[EEEL ,[Boulder]

O
Approximatelgtaffing:
0 O.7FETEO

O

Funding(Sources: [
0  NIST[(20%),@ther[Agency(80%6) ]

0
Objective: O

Devel oplthethodsliblgrow(and[characterizelquantum{dotsiondanopatternedSubstrates. T
0

Constituency:
Optoel ectroni cslihdustry, [@pitaxial [Grystal [drowth(ihdustry

O
Principal [@urrentliasks: O

e  OptimizelSurfacelpreparati on@ndldl eaningfor(Sili conland(GaPSurfacesthat[preservelSubstratelfianopatterns.]

e  Develop[RHEED [assessment[of [Surfacelpreparati on@ndiquantumldotformation.[

o  Developlgrowthiproceduresifiorfiegul ar @rrayfiormati onlonanopatternedSubstrates.]
O
Additional lihformation: (]
NI ST likldol | aborati nglthroughl@ldooperativelriesearchiandidevel opment@greement ([CRA D A) With[Systine, dinc.,[
Pasadena,[TA , fbldevel ophethods(fior fhelfabri cati onlof i gh-quality, (i gh-density [@rraysiaf [Semi conductor [quantum(]
dots. [T hisresearch, [if (Successful , (il Bel@ppli cabl elfb@myri adlof [Bptoel ectroni cl@ppli cations, ihcl udinglihfrared
detecti onland(visi bl ellight[di spl ays. T helfechnol ogy akesltiselof [Bi ol ogi cal | y[generatedpatternsiand@patented]
low-energy!él ectron-enhancedlétchingiiechni que. [

O

AlignmentiithMSETIGrandChallenges. [

O

MATO| ELECO| HEALTHO ENVO| ENERO| SPACEO| BIOSENDO TRANSO| SECURDO| METO| MANO
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ElectronicsiandElectricall[Engineering(ll abor atory(]

Semiconductor [Nanoscal elimaging@nd[Analysi sl
O
Projectleader/contact: (]
o AlexanalRoshko,[303-497-5420,foshko@boul der.nist.gov(Il
Optoel ectronicsDivision,[EEEL ,[Boulder]
o RobertKeller,[303-497-7651, Keller@boul der.nist.govll
MaterialsiReliabilityDivision,IM SEL,[Boulder]
¢ John[E.Bonevich,[301-975-5428, [jbhn.bonevich@nist.gov
Metallurgymivision,M SEL , [GaithersburgC

O
Approximatelstaffing: O
0 29FTEO

O

FundingSources:[]
O  NIST{1000)
O
Objective: O
Devel oplhethodsliblimage@ndicharacteri zeldompoundiSemi conductorsionldnanometer TengthlScal e. [T
O
Constituency:
Optoel ectronicslihdustry.[]

O
Principal[durrentfasks. [

o  Atomicfforcelmi croscopy((A FM)@nd(iransmissi onlél ectronimicroscopy [T EM) [imaging(of hanoscal e[

structures, [Such@slquantumidot[di mensi onsi@ndidistributions. [
e DevelopldonvergentBeamiel ectronldiffraction{ICBED)(imaging@nd@nal ysi sifor [heasurement(df [Strai nih(]
compound(Semi conductors.[]

o  Analyzelstrainladjacent(thinuriedativeldxidelayers; [@val uatelfnethodslof [Strai nirni nimi zation.O

o  Determinelrel ationshi psibetween(strai nl@andquantumidotmor phol ogy. [
O
Additional ihformation:
Thelabiliti esliblimageanoscal elfieaturesiandfolmaplstrai nlih(fianoscal elstructuresiareldrucial fboptoel ectronic]
deviceldevel opmentiwherelstructuresionitheldrder [0f 2IamEb100mMmiih(dimensi onldreldommonplace. TAFM @nd[]
TEM [imaginglarebei ngltisedinfandem({ibmeasureltheld ze, [ShapelandIdi stributi onlaf [quantum-scal eltructures. [T his[]
informati onfikthenldorrel atedwith[CBED heasurements(of [Strai nlihtheselmateri al sSolpredi ctidptimal [growthd
conditions{for[@btai ningldesi redmorphol ogi es.[MTurrentlydnder [ihvesti gati on(arelsel f-assembl ed[quantumidots@nd
nativeloxi dellayersflormedByet-thermal [0xi dati on[of [A| GaA s. [T helnativeldxi delork for W CSEL [@pplicationslis]
part(of [aldoll aborati onlwith(@haj or[@ptoel ectroni csihanuf acturer [@nd@fati onal Taboratory.
O
AlignmentWwithMSETGrand[Challenges: [

g
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ElectronicsiandElectricall[Engineering(ll abor atory(]

NanoscopicMonlinear [Optical @nd[S$pectr oscopicM etr ol ogiesih[Wide-Bandgap[
Semiconductor s
t
Projectlleader/contact: (]
0  Norman(A.[Sanford,[303-497-5239,[Sanford@boul der.nist.gov]
O  Optoelectronicsivision,[EEEL,[Boulder]
0
Approximatelstaffing: O
0  1.8[FTE[plusidoordinated@éffortsivvithiVI SEL [And[CSTL )
0
FundingSources: (]
O  NIST{10096)I0

O

Objective: O
Devel opldorrel atedifianoscopi conlinear [Opti cal [And[Spectroscopi clethodsibléxami nefheldptical , [Structural , O
andIel ectroni clproperti eslof [defectsliniwi de-bandgapl | -nitri delSemi conductors. [

O

Constituency: [
Optoel ectroni cslindustry, [high-power (@l ectroni csiihdustry (]

O
Principal [durrentasks. [

e  DeveloplBlue/uv,@ollection-mode, hear-fiel dSpectroscopy iwvith(B0MmISpatial [fesol ution

e  Developldollection-mode, ear-field,Monlinear Opti cslihtheBl ue/uv(Spectral [Fange

o |nvestigatelthelstructural [andle ectroni clproperti eslof [defectslihil I -nitridelSemi conductors[]

o  Examinelthelel ectroniclproperti esidf [defectsihhelVicinity0f [@hmi cldontacts]
O
Additional lihformation: (J
Thelwide-bandgapl | -nitri delSemi conductorsiarelimportant@émergi ngifhaterial sifor theldevel opment [6f [Sol i d-statel]
lighting, Bl ue/greenibsersifor Optical [datalstorage, [@ndhi gh-power, [Hi gh-temperaturelél ectroni cldevices. [T hell
potenti al [fharket(fepresented By orl dwide@dopti on(of (Il ED-based(Sol i d-statelli ghti nglisiproj ected fbBe$50il lion(l
dollarsiperyeardvertheliextfiewldecades. M everthel ess, @l | [6f (thelflechnol ogi esiénabl ed By thelwi de-bandgapl I -
nitrides@relimpedediih(thei r[devel opmentldueliblpoor fundamental [nderstandi nglaf thelrol elof [defectsihiheldptical, [
structural ,[@andlél ectroniclproperti eslof theselmaterial s. [T heldevel opment[of [Aew, [dorrel ated, [hianoscal eletrol ogiesl]
that[addressitheseliksueslikldriti cal [for[progressiihhefaterial [System. [T hi sléffort(ishighly[dol | aborati velwithM I ST
staffin SEL [@nd[CST L Mvhobringléxperti selihX-ray,[TEM,[SEM, [Gathodol umi nescence, thetal lurgy, @ndVarious]

analytical [fhethods. [

O

AlignmentiithMISETGrandChallenges. [

O

MATO| ELECO| HEALTHO ENVO| ENERO| SPACEO| BIOSENDO TRANSO| SECURO| METO| MANO
XO XO O O O O O O O XO O

O



ElectronicsiandElectricall[Engineering(ll abor atory(]

NanoscalelQuantum[Standards. ]
Capacitanceland[Current[Standar dsBased[On[CountingElectrons]
u
Projectlleader/contact: [
o MarkKeller,[303-497-430,ark.keller@boul der.nist.gov(Il
Electromagnetic[T echnologyDivision,[EEEL ,[Boulder[]
¢ NellZimmerman,[301-975-5887, el .zimmerman@nist.gov
ElectricityDivision,[EEEL ,[Gaithersburg

O
Approximatelgtaffing:
0 3.5FTEO

O

Funding(Sources]
0  NIST(8B0Yb),@ther(Agenciesi(20%o)]

0

Objective: O
Toldevel opewfundamental [Standards(of [Gapaci tancel@nd(GurrentDased(On@fundamental [Broperty(df [ature,
thel@l ectronl@harge, [By[expl oitingihe@bility[of [Single-el ectronfunneling(SET) [devi ceslibmani pul ate]
individual [ ectrons(at Hz[fregquenci eslihroughfanoscal efunnel [junctions.O

O

Constituency: [

Thislproj ectlikld med@t[providinglimproved(capacitanceldali brati onServicesibNI ST [dustomersiihlihdustry@nd

atlofferingl@newBasi slfior [Standardslof [dapaci tancel@anddurrent fbtheldommunity [0f [hetrol ogi stslinterestedinll

€l ectrical [fhetrol ogylandfundamental [Gonstantsiéxperiments.[]
O
Principal [durrentfasks. [

o Comparelthelexistinglprototypelé ectronldountingldapaci tancelStandardwith 1 ST'sléstabli shedprimary ]
standard(ibldeterminelthellevel [6f [Agreement Betweenthefivo.[]

e Developladurrent(standardihatdeliversiaf [Order100[PA fblénabl eldniéxperimentRnownlasthelquantum
metrol ogy(iiangl elthatiwil | [Gontri buteblour Wnderstandi nglof Thelhreeléxi stinglquantumlel ectrical (1
standards(fior[@urrent, Woltage, [@nd(resi stance. ]

O
Additional lihfor mation: (J
Single-el ectronfunnelingldevicesldontai ninghanoscal effunnel [juncti ons@ | ow(el ectronsiibBemovedidnelat @k melihC]
responselfol@ppliedigatelvol tages.[Theldapacitancel@ndidurrent(standardsiiseddevi celknown(@san(el ectronipump]
that[@an(passilargeumberslof [l ectronsiwi th[@nncertai nty @pproachi ngClpart(per Billi on. T heldurrentStandard(is]
createdBy(s mply(drivingiheldatelvol tagesiat @frequencyTbockedo@n(@tomicldl ock Or[dther @ccuratefrequency ]
standard. T heldurrentproducedBy thelpresentel ectronpumplikli mitediol@bout A [PA , Butive@relexpl oringother ]
SET [fechnol ogi eslib[pushfowardfhuchlarger [Gurrents. [T heldapaci tancelstandarddperatesby [pl aci ngl@known(]
number [df (8l ectronsiontol@lcapaci tor [@ndfheasuri ngthelfiesul tingvol tage, [Andtheldapaci tanceliks mpl y fhelrati o[of [
chargelibvoltage.[A [prototypeldapaci tancelStandardBaseddn(Gounti nglél ectronsihiasbeenldemonstratedbhiave@n]
uncertainty(of Tessithan1ppm.O
O
Selectedpublications: [
1.0OM.W.Keller,[A.I.[Eichenberger,[J.M.Martinis,@nd. M. [Zimmerman, A [CapacitanceS$tandard B asedon]
Counting(Electrons," [Science(285,[1706[(1999).01
2.0M.0W.[Kéeller,MStandardsiaf [Current[@nd[CapacitancelB ased(0n(Si ngl e-El ectronT unnelingDevi ces," [fbldppear
i n[proceedi ngsiaf ([Fermi [School (CX LV |: [MRecent[AdvancesliniV etrol ogy [@ndFundamental [Constants," [2001. [

0

AlignmentithMISET(Grand[Challenges. [

[l

MATO | ELECO | HEALTHO ENVO | ENERO | SPACED | BIOSENO| TRANSO | SECURO | METO | MAND
1l X0 [l 1l [l [l [ [ X0 X0 X0




ElectronicsiandElectricall[Engineering(ll abor atory(]

NanoscalelQuantum[Standards. ]
ArbitraryVavefor miGener ator sifor [Standar ds,[Communications,[andRadar []
0
Projectlleader/contact: [
Sam(Benz,[301-497-5258, [lienz@boul der.nist.gov
ElectromagneticT echnol ogyDivision,[EEEL ,[Boulder]

O
Approximatelgtaffing:
0 2.0FTEO

O

Funding(Sources]
0  NIST(#0%),@ther(Agenciesi(60%0)]

0

Objective: O
Toldevel ophighlperformancelsuperconductinglihtegrated(di rcuitsiandSystems{for i ghlpreci sionNol tage[
metrol ogy(at | ST [andthele ectroni csiandidommuni cati onslihdustri esiandfor [bw-phase-noi selfadar. [

O

Constituency: [
Thislproject@ddressesivol tagelthetrol ogy Meedsfor M ST [@nd(thelél ectroni clihstrumentati on@ndC]
communi cationslihdustrieslasiwel | [@sidef enseldepartment interestslinidevel opi nglthehextigenerati onlaf [
advanced(digital [fadar [@nd[Gommunication(Systems.[]
O
Principal [durrentfasks. [
o  Developlianoscal eljunction(fiabri cati onfechni quesfor Tumped(arraysliof [Josephsonljuncti onsiwithiSpacing[]
between(junctions[of 10MAmMTb100hm. [0
O
Additionalihformation: [
Our [jointlihventioniwith@ orthrop[Grumman(for @l Josephson(arbitrary Wavef ormiSynthesi zer lik[appli cabl elfblriadar, [
communications@nd(retrol ogy@pplicati ons.[Only[Superconductingldosephsonljunctionsidaniprovidefhelperfect ]
guantizationfnecessary(for[Produci nglthelpreci selvol tagelamplitudes, Tow(phaselfioi se, [@ndhighlSpur-freeldynamicl
rangelof [@nlideal [digital | y[Synthesi zedWwavef orm. B ecauselof thelSmal | ol tagesiproducedBy(singl eljunctions, [ful |
realizationlof [thesefeaturesifor [practi cal [Systems(hi ngesiantheldevel opment(af Tumped(@rrays. A n(array ik
consi deredllumpediwhen(@ll [af theljuncti onsactih[uni son(asalsi ngl elél ement(af [Ali crowaveldircuit. [T hi slis[]
accomplishedionlyiwhenthelibtal [@rray Tengthiwith@pproxi matel y[15,000(junctionsliklaismal | fracti on[{typical ly[10]
mm) [0f [ThelWavel engthlof [thelhi ghest i crowaveldrivelfrequency. [PresentlJosephson{juncti onfiabri cati onlfechni ques]
areldapabl elof [function(Spaci ng(6f BumEbA0im. InOrder fo@chi evelthel100- fb1000-f ol didecreaselih(junction
spacing,fiovel [Fabri cati onlfhethodslarelfiecessary. W el@relpresentl ylihvesti gati ngl@mumber [0f (fechni quesifior [
fabri cati ngifianoscal e[juncti onsthat fequi reffhree-dimensi onal [Aanoscal eldontrol [0f fheunction@nd@rray ]
dimensions.C]
O
Selectedpublications: [
1.0S.P.Benz,[P.D.[Dressel haus, @nd[CT.J.[Burroughs,Manotechnol ogy for ext(generati onlJosephsoniol tagel]
standards, [Proceedingslof thelSymposi umonicrotechnol ogy ihV etrol ogy@nd etrol ogyih[Mi crosystems, [
31[August-1[September2000, Del ftWniversity[6f (T echnol ogy, el ft, [(The etherlands, [pp.[127-132.00
2.00S.P.Benz,[C.J.Burroughs,@ndP.D. Dressel haus, L owlharmoni cldi storti onlih@Josephson(arbitrary vaveform(]
synthesizer,[AppliedPhysicslllettersiV ol .[77,Mo.[7,[pp.[1014-1016[{(14[A ugust[2000).01

0

AlignmentWithMISET(Grand[Challenges: [

[

MATO | ELECO | HEALTHLO ENVDO | ENERO | SPACEDO | BIOSENO| TRANS| SECUR| METO | MANO
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ElectronicsiandElectricall[Engineering(ll abor atory(]

NanoscalelQuantum[Standards. ]
Radiometry[Standar dBased0n[CountingPhotons.]
t
Projectlleader/contact: [
e RichardMirin,[303-497-7955, Imirin@boul der.nist.gov
OptoelectronicsiDivision,[EEEL ,[Boulder]
o MarkKeller,[303-497-5430, ark.keller@boul der.nist.govIl
ElectromagneticT echnol ogyDivision,[EEEL ,[Boulder]
O
Approximatelgtaffing:
0 25FTEO
d
Funding(Sources(]
O  NIST{100%),0

O

Objective: O
Toldevel oplalSourceldf ihdividual [photonsidontrol | edwith@n(appliedvol tageyexpl oi tingtheldni quedptical [
andlel ectrical [properti es[of [hanoscal elSemi conductor[quantumidots.(

O

Constituency: [
Thislproj ectlikla med@t[providingl@amnewquantumistandardof (dpti cal lihtensity hear fheldommercial l yimportant [
wavel engthldf [1.500m, [SolitlikléxpectedibBenefitfundamental [Bpti cal hetrol ogy @siwel | [@slusersiof NI ST sl
optical[dalibration(Serviceslihlihdustry.(]
O
Principal [durrentfasks. [
e Demonstrateldldingle-photon(iurnstil elbased(on(alsi ngl elquantumidotémbedded(ihan@ppropriate]
semiconductor[Structure.(
O
Additional ihformation: O
Alfundamental [property(af i ghtlisfhat/it islquanti zedlih(photons,[@nd@ldonceptual | y[simpl elStandardfor [Optical [
intensi ty(is@ldevicelthatdenerateslindividual [photons(at[@knownrate. [T helfirstreal i zati onlaf [thi sisimpl elScheme]
withlfhetrol ogi cal [accuracylisthelobject(of [thi siproj ect. A [Semi conductor [quantumidot[danBelhadelSolSmal | [{onthe[]
scal elof [200m)fhatihdividual [él ectronlandlfiol elstateslihfheldotdanbeladdressedSeparatel y. [V hen@lGuantumidot ]
i sTbadediwithionelel ectronlanddnelfiol e, thelfivolriecombinelandiproducelaphoton. [in[@Si ngl e-photoniurnstil e, the[]
i nj ection(df (@l ectrons@ndhol esihto@quantumidot, [Andthusthelproducti onlaf ihdividual [photons, [isldontrol | ed By @n[]
appliedvoltage.MCombiningléxperti selininanoscal elquantumidot[growthiithiexperti selinfhani pul atinglihdividual [
el ectrons, [thi siproj ectlisiworkingfoward@goal [6f hakinglalsi ngl e-photonlfurnstil elfhat (has@lrepeti ti onfateldf (Order [
1[GHz[@nd@n(érrorratelof Messthan1per il li onldycles.(]

O

AlignmentWwithMSETGrand[Challenges: [

O

MATO | ELECO| HEALTHLO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANO
XO XO O O O O O O XO XO O




ElectronicsiandElectricall[Engineering(ll abor atory(]

NanoscalelQuantum[Standards. ]
Quantum[TimelStandar dsiand[Computing(Fabrication)U
t
Projectlleader/contact: (1
o JmBeall,[303-497-5989, james.beal | @boul der.nist.gov
Electromagnetic[T echnologyDivision,[EEEL ,[Boulder[]
¢ DavidWineland,[303-497-5286,david.wineland@boul der.nist.govl
Time@ndFrequencyDivision,Physicslllaboratory, Boulder]
a
Approximatelgtaffing:
0 1.0BTEO
0
Funding(Sources]
O  NIST{1009%6)0

0

Objective: O
Devel oplthi crofabri catedlibn(irap(structuresior [selih@xperi mentsih{ mekeeping, [quantumIbgi ¢, [uantum
decoherence, [@ndquantumteasurement(theory.

O

Constituency: [
Thishworkpromisesliblimprovelfimekeepi nglandlitsimyriadimportant@ppli cations, [Suchl@stheldl obal (1
positioning(System, @ndibldeterminethelfieasi bility[df [quantumidomputing.[
O
Principal[durrentfasks. [
o  Fabrication[of [thi cromachinedlibn(fraps, [@nd@rraysiaf them, ih[dol | aborationiwiththeTimel@ndFrequency
Division.[O
O
Additionalihformation: [
AldollaborativelprogrambetweenEEEL [and[PL [{bldevel opli crof abricati onlfechni quesfior [ibnldonfinement
structuresfihat(all ow(fi ghtldonfinement, [@pti cal [Accesslfor Taser [dool i nglandprobing,[@ndladvanced(él ectrode]
configurati onsfor [fhulti pl elibnifhani pul ation. [
O
Selectedpublications: [
C.[A.[Tackett,D.Kiel pinski,B.[E.[King,[C.Manger,[V .M eyer,[C.[J.Myatt, M. [Rowe, [Q.[A.[Turchette, W.[M .0
Itano,D.[J.0Wineland, [@nd[C. onroe, MEXperi mental [éntangl ement[df four [Particles,” Mlatur el404, [256[(2000).1

O

AlignmentiithMSETGrandChallenges. [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACED | BIOSENO| TRANSO | SECURO | METO | MANDO
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ElectronicsiandElectricall[Engineering(ll abor atory(]

X-ray[Microanalysislof Nanometer [Scal elPar ticlesiand [Films[]
0
Projectleader/contact: [
Kentrwin,[303-497-5911, [Kent.irwin@boul der.nist.gov Il
Electromagnetic[TechnologyDivision,[EEEL ,[Boulder]

O
Approximatelstaffing: O
O 6.0FTEO

O

Funding(Sources(]
O  NIST(#0Y6),MtherlAgenciesi(60%o)]

O

Objective: O
Toldevel opl@niew(dl asslof X-raydetectorsidapabl eldf [detecti ngphotonsiwi thihi gh-energy esol uti on@ndmear-
unity[quantumiéfficiencythatiwill [énabl eldew(generati onslof [Spectroscopi clibol siibbeldreated. [

O

Constituency:
Thisproj ectlis@ med(@t[providingX-ray i croanal ysi siibol siheeded(ibléval uatelianometer-scal elstructuresin
anyMaterial slihtensivelihdustry. A [Rey(ihitial [adopter Wil | BefhelSemi conductor hanufacturinglindustry, O
wherelidentificati on[of [Danometer-si zed[parti clesiand(thi nfilmStructureslisidritical . (]
O
Principal [durrentfasks: [
e  Continuelfheldevel opment[df thelsi ngl elpixel X-raydetector [Systemsifior [fransfer f[CST L ihM | ST [@nd(ib]
thelll. S.lihdustry i censees(df [thelfiechnol ogy.[]
o Developlarraysiof(detectorsiandlassoci atedeadout el ectroni cslibldramatical ly[increaseltheldol |l ection@real]
and(dountrateldf thelSpectrometer.[
O
Additional ihformation: O
Thelabilityfo@nal yzelfheldhemi cal [Gompositionlof [Aanometer [Si ze[parti cl eslandfianometer [thi ckthinlfil msfisidritical [
tol@ariety(df [materi al sihtensi velihdustries, [ihcl udinglthelSemi conductor [fhanuf acturinglihdustry. [T heldevel opment ]
of [@ryogeni cli crocal ori meter [detectorsihasiproducedianew!(dl asslof [énergy[di spersivelX-raySpectrometerslthat ]
allow(thi sliyypeldf [@nalysi slibbelperf ormediqui cklylandirel i ablyfor [theffirst fi me. [introduci nglaadical ly [Gew
technol ogy[suchlas(dryogeni clthi crocal ori metersifb@largeldommunity(riequiresidreati ngl@andidemonstrati ngl@nientire[]
measurement(ihstrument, (Aot justfheldetector. Inladditi onfbldevel opinglfevol utionary X-raydetectors, welhavell
devel opediSuperconductinglél ectroni csiblreadtheldetectors, [Gompact(adi abati cldemagneti zati onlref rigeratorsiol]
simplifyldoolingtheldetectorslibmillikel vinOperati ngfemperatures,[andifoom-temperaturelél ectronicslib[processithel]
output(signals.(]
O
Selectedpublications: [0
1.0Geer,[R.E.;(Wu,D.;Wollman,D.A.,[High-resol utionfED S[A nalysi slof [Wtra-ThinTaSiN [DiffusionBarriers]
forlCulM etallizationWsingMicrocal orimetry” ,[Proc. MEEER001Int'l Thter connectTech.[Conf.,[192-1941
(2001).0
2.0wWollman,D.A.;Mam,[3.W.;Hilton,[G.C.; Trwin,[K.D.; Bergren,N.F.;[Rudman,D.A.;Martinis,[AM.; 0
Newbury,D.E.,[TMicrocal orimeter[Energy-Dispersivel$pectrometry W singl@lLl owlV ol tagelScanni ngEl ectron]
Microscope," [J.0Microscopy(199,[37-44[(2000).11
3.0C.[K.[Stahle,[D.M cCammon, K. D.drwin, IQuantum(Cal orimetry," [Physi cs[Today52,[32((1999).0]
O
AlignmentWithMNSETGrand[Challenges: [
O
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ElectronicsiandElectricall[Engineering(ll abor atory(]

Electrical M easur ementsiof [SingleV ol ecular [Rotor S
0
Projectlleader/contact: [
MarkKeller,[303-497-5430, hark.keller@boul der.nist.gov(Il
Electromagnetic[TechnologyDivision,[EEEL ,[Boulder]

O
Approximatelstaffing: O
O O.5ETED

O

Funding(Sources]
O NIST[100®6)O

O

Objective: O
Toldevel op@fiew(probelof [Singl elol ecul esiByéxpl oitingthelSensiti vity[df [Single-el ectronflinnelingfransistors
tolél ectrical [Gharge.[]

O

Constituency:

Thislproj ectlis@ med(@t[providinglaewbol for [6haracteri zingléhargelthoti onlih(Singl elfol ecul eslandis]

expectedibhavelimpact@crossihuchlof thelfiel dof [hol ecul ar [{or [Gther [anoscal €) [ ectronics.[
O
Principal [@urrentliasks: O

o  Useldsingle-electronfunnelingliransi storfbldetect(dhangeslihipol ari zati onldaused Dy thelrotati onlaf (1

mol ecul eslhavinglalpermanent(él ectricldipole.(]

O
Additional lihfor mation: (J
Therelisaldl asslof [fhol ecul eslknown@slrotorsithat [Gonsi st[0f [@lshaft [EttachedfblaSubstratelandarotati ngpart that ik
permanentlychargediwithldpposi telpol arity[@nlitsfivoleénds. T heldetail siof iowtheselfnol ecul eslriotatel@andhiow
ensembl es(df ol ecul eslinteract(@reldurrentl yhiothvel | inderstood. TA [Singl e-el ectronfunnel ingfransi stor [Gontai ning
nanoscal elfunnel [uncti onsidanidetect@dhargel@siSmal |l [@sionefhousandth(of [@n(el ectronicharge, [hakinglit[Suitabl e
forlStudyinglthelfhoti onlof ftheselrotor [fhol ecul esléi ther[Singl y [Or [ih[énsembl es. [T hi siiew ool Wil | findtsesih@r
variety[0f Mvaysthat il | Benefittheldveral | [devel opment[of el ectroni csibasedonifol ecul eslor[Gtherhanoscal el
objects.[]

O

AlignmentiithMISETGrandChallenges. [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACED | BIOSENO| TRANSO | SECURO | METO | MANDO
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ElectronicsiandElectricall[Engineering(ll abor atory(]

Rectification[df Ll ight[@s@n(Electrical [Power [Sour cel]
0
Projectlleader/contact: [
ErichlGrossman,[303-497-5102, érich.grossman@boul der.nist.gov
Electromagnetic[TechnologyDivision,[EEEL ,[Boulder]

O
Approximatelstaffing: O
O 1.0FTEO

O

Funding(Sources]
O NIST[100®6)O

O

Objective: O
Toldemonstrateldirectrectificati onlof (fear-| Rriadi ati onfb[D Clih@nlantenna-coupl edifianodi ode, [@ndib@nal yze[
thelperformancelof hanodi odes(Tor &l ectri cal [power [denerati onfrom(sol ar [fadi ati onldr Mwaste” thermal [
radiation.]

O

Constituency:

Thisproj ect@ddressesithellbng-termniati onal (eed{or (8l ternativeldl ectrical [power[Sources.O
O
Principal [@urrentliasks: O

¢ Demonstratelphoton-assi stedfunneling{at[foomemperature) ih@fianodiodelil luminated By hear-1 RO

radiation.]

O
Additional lihfor mation: (J
Thelabilityfb@nal yzeltheldhemi cal [Gompositionlof [Aanometer [Si zelparti cl eslandfianometer [thi ckEhi nifi  mslisidritical [
tol@Mariety[df (Materi al siihtensi velihdustri es,[ihcl udi ngithelSemi conductor [fhanuf acturinglihdustry. [T heldevel opment ]
of [@ryogeni clrni crocal ori meter [detectorsihiasiproducedi@new!(dl asslof [énergy [di spersiveX-ray[Spectrometersithat[]
allow(thi sliypelof [@nalysi sliblbelperformediqui ckly@ndirel i ably for Ehelfirst i me. [introduci ngl@radical ly [hew
technol ogy[Suchlasldryogeni clhi crocal ori metersib@largeldommunityfiequiresidreati nglandidemonstrati ng@nientirel]
measurementlihstrument, (Aot justtheldetector. IInl@dditi onfbldevel opinglrevol utionary X-ray [detectors, elhavell
devel opediSuperconductinglél ectroni csiblrieadfheldetectors, [Gompact(adi abati cldemagneti zati onlref rigeratorsiol]
simplifyldooling(theldetectorsiblrillikel vindperatingfemperatures, @ndioom-temperaturelél ectroni csiblprocessthel]

output(Signals.C]

O

AlignmentiithMISETGrandChallenges. [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACED | BIOSENO| TRANSO | SECURO | METO | MANDO
O XO O O X0 O O O O O O




ElectronicsiandElectricall[Engineering(ll abor atory(]

Nanomagnetodynamics: M ater ial SIM etr ol ogy [for [DatalS$tor agel]
O
Projectleader/contact: [
e Tom(Silva,[303-497-7826,Silva@boulder.nist.gov]
M agneti c[Technol ogyDivision,[EEEL ,[Boul derJ
¢ BobMcMichael,[301-975-5121, fobert.mcmichael @nist.govll
MetallurgyDivision,M SEL ,[Gaithersburg(]
e DonnaHurley,[303-497-3081, lHurley@boul der.nist.gov
MaterialsiReliabilityDivision, M SEL ,[Boulder
0
Approximatelstaffing: O
O 2.5FTEDIivB16)0
0
FundingSources:[]
O NIST{773b),[Other[Agenciesi(23Q6)]

O

Objective: O
Devel oplibol siiblpermitidatalfoBelstoredlat[Speeds@pproachi nglthefundamental [dyromagneti clquantumdimit[]
and(at(densiti esiaf [@l most[Onelferabitlper [Squarelihch{1 bitEt 250mBy250m).0

O

Constituency:

O  Magneticldatalstoragelindustry,dniversityfesearch]

O

Principal[durrentfasks]

o  Developlaflerromagneti clfesonancelFM R) [Spectrometer Wi th(Sensitivity(at fhellevel [0f [10,000B ohr [fhagnetons]
baseddn(ri cro-el ectromechanical [Systemsi(M EM S) [

o  Developlafrequency-swept[(4[GHz310[GHz) flerromagneti cllesonancelSpectrometer [

o  Developlandidpply@broadband(RIGHzE4[GHZz) Wi chel sonlihterferometer flor theldetecti onldf hagnon-phonon
scatteringlprocessesl]

o  DeveloplalScannedIdiant-magnetores stancel(GM R) [probelhi croscopeivi th(10mm{Spatial [fesol utionland[B30ps]
timelfesol ution.O

O

Additional ihformation: O

Therelis@neediblunderstanddandidontrol thelatomi c-scal elprocessesthat [di ssi patelSpi nleéxcitationslihflerromagneticl]

systems.[Thisldissi pation[process, [0r [dampi ng, [dovernsithelSwi tchi ng(Speed(of (hagneti cihemory el ement [By (]

couplinghelihtrins clangul ar momentum(of [thelfhagneti clSpi nslibfheldrystal (htti ce.[Dataratesfor[dommercial [disk [

drivesithustlihcreaselfblaccountforfheléver-increasi ngllinear Bitldensities. [Linear[densiti es@relcurrentl y(at 100GmMO

per Bit.Tn{fwvolyears, thi siwill [shrink E[B0mMm. [Suchldensiti esiwil | [lequi reldperati onal Bandwi dthslinéxcessiof 1.4

GHzlih{thelnear future.[Researcherslinthelfhagneti cldatalstoragelihdustry [rgentl yfieed[pre-competiti velassi stancefo ]

comprehenddampi nglasbandwidths@pproach1[GHz.[Thelémergentfhagneti clbandomlaccessimemory((MRAM) O

industry(is[a solihineed(of [fool sifor [theldontrol [of [fhagneti cldampi ng. [T o[Beldompetiti vellithSemi conductor [Static[l

randomlaccessimemory[([SRAM),M RAM [datalfatesihustBelihléxcessiaf [1(gi gabitperSecond.O]

O

AlignmentithNSETGrand[Challenges]

O

MATO| ELECO] HEALTHLO ENVO ENERO] SPACELD| BIOSENLO| TRANSO| SECURO| METO] MANDO
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ElectronicsiandElectricall[Engineering(ll abor atory(]

SinglelM oleculelM anipulation@nd M easur ement{(SM )0
O
Projectleader/contact: [
¢ JohnMoreland,[303-497-3641,thoreland@boul der.nist.gov
M agneti c[Technol ogyDivision,[EEEL ,[Boul derJ
¢ John[Kasianowicz,[301-975-5853, [jbhn.kasianowicz@nist.govl]
Biotechnol ogyDivision,[CSTL ,[Gaithersburgl
o AngelaHightiValker,[301-975-2155, [@ngel a. hightwal ker @ni st.gov
Optical [TechnologyDivision,PL ,[Gaithersburg]
O
Approximatelstaffing: O
O 0.33FTEDivB16Gnly)0
O
FundingSources:[]
O  NIST{1O0m®6)O

O

Objective: O
Devel oplsingle-mol ecul elfechnol ogi eslibladdress(si gnifi cantihaccuraci eslinthelBase-pai r[0rderi nglihferred By (]
present(dene-sequencinglibol s, [@ff ecti nglsuchiwel I-publi cized(ff ortsiasithel uman(GenomelProj ect. [

O

Constituency: [0

Heal thidarelihdustries,[@dvancedimaterial slihdustries, [niversityfesearch]
O
Principal [durrentfasks: [

o  Developlfiabricationiethodslfor [Aanometer-scal elél ementsiand(fl ui diclSystemsthat il | fransport(Singlel]
molecules]

o  Developlmeasurement(thethods{for [Structural [propertiesiof [deoxyribonucl e clacid[{IDNA ) [Wsing(pores]

o  Developlthe@bilityfblinhterpretfluorescencelfiesonancelénergy fransfer ([FRET) [dataltinambi guousl y[On[]
singlelrhol ecul esiandmethodsiblfheasurefhelstructurelandidynami csiof i bonucl e clRN A ) [Standardsiand]
hairpinSystems]

o  Developlthel@bilityfblmeasurelsingl elthol ecul eslSpectroscopi cally, s nglsurf acelénhanced Raman(]
spectroscopy(ISERS)@nd[dptically,[is ngfivo-photon@ndV [éxcitationiwith(€imul taneous(fiorce]
measurementsl]

O

Additionalihformation: [

Thelprogramiwill [ensurefhelihtegrity[of [SuchlBio-informati cldatabasesithroughtheldevel opment@nddtili zati onlaf A1
hi gh-throughput, i ngl ol ecul elfani pul ati on@nd theasurement [[SM ) [pl atf ormToldi rectly (fhani pul atel@and teasurel]
thelstructurel@andidynami cslof [Singl RN A [Gr D NA [fhol ecul es. Withi nthelfive-year [fi melSpan(af [thi sleffort, [thel
followingwill Beldevel oped: [A [pl atf ormiwil | Belproducedthatiwill [dombineltheseldapabilitieslfbimhakelalsingl e[l

bi omol ecul elfheasurementiworkbench.

O

AlignmentWithMSETGrand[Challenges: [

O

MATO| ELECO| HEALTHO ENVO| ENERO| SPACEO| BIOSENDO TRANSO| SECURO| METO MANO
XO O XO O O O O O O XO O

U




ElectronicsiandElectricall[Engineering(ll abor atory(]

Coherent[Spin[Electronicsifor Micr owave@nd(T er ahertzlICommunication@ndSignal [
Processing[]
u
Projectlleader/contact: [
O  Stephen[Russek,[303-497-5097,Mussek @boul der.nist.gov
O  MagneticTechnologyDivision,[EEEL,[Boulder[]

O
Approximatelstaffing:
0 3FETEO

O

Funding(Sources: J
O  NIST(850),OtherlAgencies15%6)

O
Objective: O

M etrol ogy@ndnderstandinglaf (hi ghfrequency [dynamicslihmagneti citaterial s.(]
O

Constituency:
Telecommuni cationlihdustries, hagneti clstoragelindustri es, [niversity [fesearch]
O
Principal [@urrentiasks: [
e  Measurelhigh-frequencySpinprecessi onlandresonancelihlafivo-dimensional [degeneratelél ectronlgasl]
(2DEG)T
o Examinelthelihteracti on(of thelel ectron(Spi nslih@ferromagneti cllayer With(Spi nslih@Semi conductor [
substratelunder[differentlél ectrical [excitationsiand(iransport(donditionslihidrder fblunderstandihel]
depolarizationlprocess]
O
Additional ihformation: O
Deviceslémpl oyinglel ectrical l ylexcitedidoherent[Spinlprecession[([1L[GHzIbA T Hz) Wil (Beldevel oped.[Thelkey
innovati oniwill (Belthellseldf [thelfiecently[di scoveredSpin-momentum-transfer [[SM T) [effect[fblenabl el ectrical (1
mani pul ati on(of [Spi nslih[Aanoscal eldevi ces, [ather [thantheltlselof (Appli edthagneti c[fi el dslOr [pol ari zed i ghtpul ses. [
Thelworklislihldollaborationiwith[Cornel | Wniversity[@ndV otorol alResearchll abs. NI ST il [doncentrateldn(thel]
metrol ogylandtinderstandinglof (i ghfrequencydynami cslinifhagneti clateri al s. Inthe[$M T [phenomenon, [Aldc(Spin-
polarized(él ectronldurrentlihcident@nlaagneti clél ement[providesialdirect fransfer [0f (Spi nlangul ar mhomentumlihthe[]
processlof[Scattering, Therebylimparti ngafbrqueldnihelthagneti zati onlof Thelacti veldl ement.[At[SufficientlyTarged
currents, [Stimul ated[@mi ssi onleénsues, [fesul tinglih[dni f ormiSpi nprecessi oniwithi ntheflerromagnet@ndthelpotential [
forldiffusi on(of [doherent(Spinslintoadj acent[dontacts. [T hi sleffectiwill Bel@ppli edibldevel oplSpin-coherentdevices]
usinghybridflerromagnet/semi conductor [eterostructuresihiwhi chithelprecess onal [dynami cs[of [exci ted(Spi nsare[]
expl oitedfor @ppli cationslihi gh-speedidommuni cationsiand(signal [processing. [T
O
AlignmentWithMNSETGrand[Challenges]
O

MATO| ELECO] HEALTHLO ENVOl ENERO] SPACELD| BIOSENDO| TRANSO| SECURO| METO] MANDO
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ElectronicsiandElectricall[Engineering(ll abor atory(]

Nanoprobelllmaging[]
O
Projectleader/contact: [
0  JohnMoreland,303-497-3641,fhorel and@boul der.nist.gov
0  MagneticTechnologyivision,[EEEL ,[Boulder]

O
Approximatelstaffing: O
O O.5ETED

O

Funding(Sources:
O NIST[100®=0)O
O
Objective: O
Devel opment[of[Scanned-probelhi croscopy [{ISPM ) [@nd(rhi cro-el ectromechani cal [Systemsi(IM EM S) for
nanometer-scal elfhagneti clteasurementsiihSupportof fthelhagneti cldatalstoragelindustry.[
O
Constituency: [
Magnetic[Btoragellindustry ]
O
Principal [durrentfasks. [
e  Development(of [@fmagneti clfesonancelSpectrometer [On(alchi p” fblachi evelagneti c-resonancelimagingd]
resol ution(of (L IMmlon(ferromagneticlthinfilms.O]
O
Additional ihformation: O
Projectihemberslperformiresearchiblunderstand@ndrel atel$PM [imagesiandVl EM Sifmagnetometer [heasurementsiol]
thelperformancelof hagneti ciihaterial siand(devi cesfor [futurelfiecordi ngfechnol ogies.[Thelproj ectlisdurrently [
focusinglon(ultra-small [fhagneti c-forceli croscopy (i psifor imagi ngecor di nglheadsandmedi alat [alfesol uti onlaf (1
20mm. [Quantitati velfi el dimappi nglaf (headslandmedi alis(based(0nlél ectromechani cal [detecti onlaf [hagneticl
resonance.[M EM Slhagnetometersiwithlihtegrated(Speci mensi@ndhi ghlSensitivity[@relbei ngldevel oped.[Overthelfext]
fewlyears, [thelproj ectiwill vork [Onl@Mmagneti clfiesonancelSpectrometer [onlalchi p” [fblachi evelthagneti c-resonancel]
imagi nglriesol uti on(of (L Iamdnferromagneti clthi nlfil ms.[Recent(researchlihcl udesitheldevel opment [af [ew
ferromagneti cllesonancel(FM R) [Spectrometer slbased(0n(dal ori metry, forque, [and[fransfer [6f [Spi nlangul ar mhomentum. [
SuchisSensorsidan(Bbelintegratediwi th{@tomi c-forcelmi croscopesifor limagi nglaf [Ibcal [dcland rf [hagneticfiel ds.[]
O
Selectedpublications: [
1.0Markusl ohndorf,[John¥ orel and,Pavel (K abos,[@ndick[Rizzo,[IMicrocantil ever forquelagnetometry0f (]
thiniagneticfilms,” [1.[Appl.[Phys.[87,pp.[(5995-5997[{2000).00
2.[John¥ oreland, arkusTlohndorf, [Pavel K abos,[andR.D.M cMichael ,[IFerromagneti clfiesonancel]
spectroscopy Withlalmi cromechani cal [dal orimeterSensor,” [Rev. [Sci. Thstrum. [8,[3099({(2000).1
3.CAlbrechtlJander,[JohnV orel and, [@ndPavel (K abos, [IMicromechani cal Detectorslor [l ocal [Fi el dW easurements]
Based[dnlFerromagneti clResonance,” [1.[Appl.[Phys.[89,[1086{2001)

O

AlignmentWwithINSETIGrand[Challenges: [

O

MATO| ELECO| HEALTHO ENVO| ENERO| SPACEO| BIOSENDO TRANSO| SECURDO| METO MANO
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ElectronicsiandElectricall[Engineering(ll abor atory(]

Emer ginglApplicationsiof Nanoscal elM agnetor esistivel$ensor s: [
Forensics,Mon-destructivelFailur elAnalysis,[Sur veillance, Biol ogical M onitoringd
t
Projectlleader/contact: [
e DavidP.[Pappas,[303-497-3374,[david.pappas@nist.govl]
Magnetic[Technol ogyDivision,[EEEL ,[Boulder(]
O
Approximatelstaffing: O
1.5FTED
O
Funding(Sources:
O NIST{B3G0),Dther[Agencies(17[%) ]
O
Objective:O
M apldutfagneti cffi el dsiwithifi ghlSensiti vity s ngidoomiemperaturelhagnetoresi stivelarrays.Thelfarget ]
sensitivity(isldifferentfor Thellari ous@pplicationsiSuch@sfiorensi csianal ysi slandbi o-magneti clfi el diSensors. In]
general,velwil | Beladvanci ngthelarealof (hagneti cfi el ditetrol ogy By Teveragi ngloff [of Thellapi d[devel opment
of hagneti c[SensorsiSeenlihfheldatalstoragelindustry. [T
O
Constituency: [
Forensi cslanal ysts, [Security [{detecti onldf lbwlevel siof ferrousifaterial s), [Bi o-magneti smi{el ectrocardiograph, [
ECG,@ndpossi blyél ectroencephal ograph, [ EEG, [fhonitoring),[Sensorsifior honitori nglpersonnel [@ndequi pment
movement(ihimilitary[Settings, [Sensors{for [Satel litelfhagneti cfi el diheasurements, [V L Sl [{(very TargelScal e[1
integration) [devicel@ndpackagingfailurel@nalysis.]
O
Principal [durrentfasks. [
o  Developlalreal -timelimaginglSystem(for(anal oglstorageledia@nalysis.[]
o  Extractval uablelinformati onlfromldamaged/modifiedidigital hagneti cldatalstorageledia.[]
o  MapldutfieldsiandlihvertWaxwell’ siéquati onsliblidentifySourcesiof TeakageldurrentsihV L Sl (éhi psiford
failurel@nalysis.[]
O
Additionalihformation: [
HighlSensitivity hagneti clfi el diheasurement(islimportant in[awi delfiangeldf [Acti vities. W ehaveBeenldevel oping
scanninglél ementsiand(@rraysiaf (@l ementsifoimhapout thelSpati al Wari ati onsiaf hagneti clfi el dsiwi th(hi ghresol ution. [As
weldevel oplhigher[Sensitiviti esland(Spati al (fesol uti on, Welfi ndihorelandmore@ppl i cati onslof [theseldevi ces.[For Tow]
fiel dimeasurements, [thelpresent fechnol ogy ises[Super-conductingldevi ceslthat ust (Belfel diat Towfemperature. W el
arelfindinglthat@stheltinderstandinglof hagnetoresi stivelthaterial slévol veslandtheldevel opment [6f hagneti cflux
concentratorslislihcorporated,[deviceslthatBri ngltheselfechnol ogi eslfogether [dandompetelwi thithelTow(femperature[]
sensors.[M
O
Selectedpublications: [

D.[P.[Pappas,ét(al .[1SecondHarmoni c agneto-Resi stivellimagi ngiblA uthenti cateland[Recover [Datafrom
MagneticlStoragellV edia’ [Proceedingslof[$P1 E[Confer enceldnTechnol ogiesfor awEnfor cement, Boston, ]
MA,in[press,Mov.[2000.00

O

AlignmentWithNSETGrand(Challenges]

O

MATO| ELECO| HEALTHO ENVO| ENERO| SPACEO| BIOSENO TRANSO| SECURDO| METO MANO
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ManufacturingEngineering(ll aboratory[]

Atom-scal elll ength[M easur ement,[Standar ds[Fabrication,[@ndNanomanufacturing]
t
Projectlleader/contact: [

Rick[Silver,[301-975-5609,richard.silver@nist.gov

PrecisionEngineeringivision,MEL , [GaithersburgC

O
Approximatelgtaffing:
0 4.0FTEO

O

Funding(Sources]
O  NIST[(95%),Internationa [SEMATECHI[(5%) ]

O

Objective: O
Toldalibratel@tomi cal ly-defined, three-dimensi onal Tengthistandards{for [fanomanuf acturingland(rel atedd
industries.

O

Constituency:
Semiconductor (@l ectroni cs,[thagneti c[Storage, imi crolel ectromechani cal [Systems[((MEM S), [and[@mergingC
nanotechnol ogylihdustries(]

O

Principal[durrentfasks: [

e  Currentlytwritingfeaturesiih(siliconwith(driti cal [dimensi onsiasiSmal | [@s10mm. Mimprovelthefiabrication
robustnessiiblenabl elfthelfegul ar [process ngldf featuresithisisi zel@ndsmal ler.[

o  Useltheffieldlibni croscopel(FI M) for[@tomiclfesol uti onlimagi nglof [Scanni ngfLinnel ing i croscopy [[STM) [
tips.Work Wi th{thelScanninglel ectronlmi croscopy [(ISEM ) etrol ogy [proj ectfor (theldevel opment [df [danoti psC]
as[SEM [fieldiémitters.[

o  Workwith[SEMATECH [fortheldevel opmentof[photolithographi cal ly[patternedthree-dimensional [doubl e-
etched(structuresiinisilicon.O

o  Developlthethodsfortheldirectlihterferometryheasurementslof [Surf acelatomispaci ngsiwi th{@n[unbroken]
uncertaintyldhain.[]

e  Roomlfemperaturelchemical [preparati onlof [@omical lydrderedSi [Surfacesfor @omldountingl@and
nanofabrication.O

O
Additional lihfor mation: (J
Thelproject(obj ectivelisibmeetfhefutureleasurement@ndstandar dsiheedslof thelévol vingManomanuf acturing]
industry.[Thislihdustry Wil Becomelpervasi velwithtery(difficul t Butléssential [Standards@ndlihteroperability ]
requirements.(WVhether ool i ng@hew(rhanuf acturi nglfiacility [Or [fhaki ngprocurement@ompari sons, [accuratelfbol
measures,(dalibrated(standards, [@ndperformanceléval uationmethodsiwill Befieeded. [Onelchal | engelflacingM | ST (i
thelfon-avail ability[0f [Standard(artifactslor fhelfheansfbldommercially[producefhem. Wel@reldevel oping, fherefore, @
parallel [eéffortfolfiabri cateltheselartifactsiandlénabl elftheir[fransfer fbldther tetrol ogy ool s.C0
O
Selectedpublications(]
1.0H.Zhou,1.[Fu,3.[Gondaland[R. M . [Sil ver [Effectslof [Etchi ng[(Ti me@nd Waf er M i scut [@nthe orphol ogy [0f (1
Etched(Si(111)Burfaces,” [$PI EManotechnol ogyProc.,[2001[{inlprint).]
2.00S.[Gonda, H.[Zhou,J.[Fu@ndR. M. [Silver, A [Rewldesi gn@ndncertai nty [donsi derati on[of [Aletrol ogy WHYV -
STM (for[directheasurementsiof [@tom(Spacings,” [$PI EManotechnol ogy WorkshopProc.,[2001[{in(print).0

0

AlignmentithMISET(Grand[Challenges: [

[l

MATO | ELECO | HEALTHO ENVO | ENERO | SPACED | BIOSENO| TRANSO | SECURO | METO | MAND
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ManufacturingEngineering(ll aboratory[]

Optical M anipulation(for [T estingl@nd[Assembly[af M icr o/ Nanoscal elDevices[]
u
Projectlleader/contact: [
ThomaslILeBrun,[301-975-4256,thomas.|ebrun@nist.gov]
PrecisionEngineeringivision,MEL ,[GaithersburgC

O
Approximatelgtaffing:
0 3.7FTEO

O

Funding(Sources]
0  NIST{1000)0

0

Objective: O
ToluseflocusedTaser Beams(iblthani pul atelfanometer @ndljim-scal eldomponentsibothlih(@i r[andlihlaqueous]
environments{suitabl elfior [Bi o-devi ces. Ihithi sivay est[fanodevi ces, [@ssembl elthem, [@ndmeasurelforcesaf [
i nteracti onBetweendomponentsiblidenti fyland@ddressithefundamental [heasurement@nd(Standardslissues]
rel ated(ibfabrication(of (i cro/nanoscal eldevi ces.WItimatel y theselfbol siwil | (énabl elfesti ng@nd(assembl y[6f O
nanodevi ces,[0peratinglih[paral | el [@ndWithdoninterferinglprobes.O

O

Constituency: [
Biotechnol ogylihdustry,fianomanuf acturinglihdustry, [@ndlihstrumentfhanuf acturers.]

O
Principal[durrentfasks. [

o Dither[0ptical [fraplibldreatelfrappotential sishapedibldraspldompl ex[domponents]

o |nterfacelfraplibvirtual [fealitylénvironmentfor heuri sti cifhani pul ati on(of frappedidomponents]
O
Additional lihformation: (]
Onelof fhelmostpressi ngrequi rementsifor theldevel opment [6f (hanotechnol ogylisnovel [fool siiblmeasurel@and]
mani pul atelSpeci menslat theldanometer fbi crometer [Scal e—[alkey[poi ntfhat (hasBeenhadefepeatedly [infieports]
andiworkshops(of thelati onal Nanotechnol ogy Thitiati ve.[T hi slproj ectiwil | [dreatelfew(fool siiblmeasurefhel
performancelof anodevi ces, tani pul atelfianocomponentsiandprovi delfraceability for florcelheasurementsitisingl
optical fveezers.[

O

O

AlignmentiithMISETGrandChallenges. [

O
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ManufacturingEngineering(ll aboratory[]

[Scanning[Electr onMicr oscopelISEM )L engthM etr ol ogy [0f Nanometer [S$tructur esl]
0
Projectleader/contact: [
e Dr.[AndraslE.Vladar,[301-975-2399, @ndras@nist.gov]
e Dr.Michael [T.[Postek,[301-975-2299, [postek @ni st.gov
PrecisionlEngineeringDivision,MEL ,[Gaithersburg
a
Approximatelstaffing: [
3.0FTEO
0
FundingSources: [
NI ST [75%), [Dther [Agenci es(536), [ISM T {20%6) 0

O

Objective:O
Devel opment[0f [fraceabl elstandard(artifacts, ihfrastructural [fhethodol ogy [for [di mensi onal @ndlihstrument
performancelfeasurements,@nd(dal i brati onlprocedures.]

O

Constituency: [
Thelricroel ectroni cslihdustry, [ihcludingiSemi conductor lintegrated(@ircuitsi(l SM T), [hagneti c[storage, M EM ST
ande@merginghanotechnol ogylihdustries. Il

O
Principal [durrentfasks. [
o  Development,(dertificationl@ndliksuancelof [RM [B8090@nd[SRM 2090, (SEM [Tbwlandhi ghlaccel erating]
voltagelagnificationldalibrationlStandards.]
o  Development(dertificati onl@ndliksuancelof [RM [8120[@nd[SRM [2120,Waf er Tevel , [production-relevant]
linewidth(Standards.C
o Infrastructural [devel opment(af ewhetrol ogy fechni queslforfanometer(Scal eldevices.[]
o  Development(of(performanceletricsfior[SEM [ihstrumentation.]
o  NIST-widelSupport(ihfhigh-resolutionlimaging.[]
O
Additional ihformation: O
SEM slarelusedlinmany [fypeslof (Mesearch, [devel opment@ndimhanuf acturing. Beyondtheléxtensi veliselihthe]
microel ectroni cslihdustry, Mvhi chihas(al ready(di mensi onal [etrol ogy [needsiwi thiaccuraci esiof [Afewnanometers, [
SEM sldanBeltisedforimagi ng, heasurement@ndmanuf acturinglof [Structuresiwi thfeaturelsi zesldown(ib@flew]
nanometers.[Ttisl@ssential [fbldevel oplstandard(artifactsiandimhethodsfor [dimens onal measurements, [ihcluding
calibrationproceduresiandlihstrumentperformanceleasurements.[A [fhoroughknowl edgeldf thelprinci pl eslof [Signal [
generation@ndformati onlihfthe[$EM , [3-dimensi onal hodel i ng(of [él ectroneam-sampl elinteracti on, [@ndetrol ogy [
i nstrumentati on(for[dorrect [Si zi ngland(shapelfheasurement @reldeeded for [émergi ngihanotechnol ogy@pplications.[

O
Selectedpublications: [
1.0Vladar,[A.[E.,[Postek, M. T .,[Zhang,N-F, L arrabeelR.MD.,[@nd[Jones, [3.0N.,[Referencel aterial (B091: [hew]
scanninglél ectron(ri croscopelsharpnessistandard,” [($PI E[4344,[827-834,[2001.1
2.00Postek, M. [T.,[V | adar,[A.[E.,Wells,[O.[CT.,@ndL owney, .IL., A pplicati on[of [thelll ow- L ossiScanni ngEl ectron]
Microscopel(ISEM) Imageltblntegrated(CircuitT echnol ogy; [Part[1,[Appli cati onsiblA ccuratelDimension[]
Measurements,” [SCANNING, [p.[289-304,2001.1

0

AlignmentithMISET(Grand[Challenges: [

[l
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ManufacturingEngineering(ll aboratory[]

Optical [Overlay@nd(L inewidthM easur ement W ethodsi@andMNanometer -scal elStandar ds[]
0
Projectleader/contact: [
RickSilver,[301-975-5609,[richard.silver @nist.gov
PrecisionlEngineeringDivision,MEL ,[Gaithersburg

O
Approximatelstaffing: O
O 6.0TEDO

O

Funding(Sources(]
O  NISTI{90%),International SEMATECH{10%) 0

O

Objective:O
Providelfiechnol ogi cal Teader shi plibfhelémergi ngfianotechnol ogy[andirel atedhanuf acturinglindustriesby (]
devel opinglandgval uatinglthelmethods, [fbol s, [@nd(arti factsieededblappl y[Opti cal fechni quesibihelmetrol ogy [
needs(df theselihdustries.[]

O

Constituency: [

Semiconductor[él ectronics, hagneti clStorage, M EM S, [@nd[@mer gi ngihanotechnol ogylihdustries.[
O
Principal [durrentfasks. [

e Continuousldevel opment(of Thel | ST [@verlayhetrol ogyiool ,[heasurement hethodsliblabtai n[dncertai nties]
comparabl elor Better fhanfhebestlindustrydverlayfool s,[andstandardsifolSupportandidalibratefheselfool s.[M

e  Cdlibrationldf I ST PhotomaskILinewidth[Standard[SRM 2059, @ndheldevel opmentofdalibration
methods{iblObtai nfopti cal [fransmi ssionlli newi dthimeasurementincertai nti esladequatefoimeetihdustry]
needs.]

o  Development(dffivo-dimensional [drid(dal i brati onlstandards, (i gh-accuracy [placement [Standards, [and [
associ atedheasurement [fechni ques, lihcl uding(Sel f-calibrati onland(advanced(ibol [happi nglasiised By ]
industry.[]

o  Developmentldf Teadinglédgeldorrel ation@ndfiardwareldontrol @ gorithms{for [fanometerScal eloptical [
measurements.]

O
Additional lihfor mation: (J
Opti cal ethods@relusediwi del yihthelfhanufacturi nglaf (Semi conductor, fl at[panel , [photoni ¢, @nd(Storageldevices.[]
TheselihdustriesldanBelNi ewed@sprecursorsibihelévol vinghanomanuf acturi nglihdustry(si nceltheyfabri catelery [
small [dritical [di mensi on[Structuresiandavelhi stori cally[pushedhetrol ogy folits{li mit. hthi sfypeldf leadinglédgel]
manufacturing,procurementdomparisons,@ccuratelfool [fheasuresiand(dal i brati on(standardsiareléssential for (]
productivity.[Theffighter ol erancesléncounteredihthelanuf acturelof [hanometer-scal eldevi ceslpl acelincreasingl
demandsion(featurellinewidth@ccuracy@ndonldverl ay[bl erances. [Sincelthelparal | el [fiatureldf i ghlSpeed, Mon-
destructiveldptical [fhetrol ogy[fhakesit fhelfool [6f [Ghoi celwhen(@pplicabl e, N1 ST (has@domprehensi velprogramliol]
bothSupport@ndladvancelthelopti cal [fechni quesifieededibimakefheseldverl ay, [pitch,[@ndidriti cal [dimension]
measurements.]
O
Selectedpublications: [

R.N.[Silver,[J.[0un,[3.[Fox, @ndE. K ornegay, [IRecentadvancesin[OverlayMetrol ogy,” [FuturelFabntl.[11,00

2001.00
O
AlignmentWwithMNSETIGrand[Challenges: [
O
MATO| ELECO| HEALTHO ENVO| ENERO| SPACEO| BIOSENDO TRANSO| SECURDO| METOl MANO
O XO O O O O O O O XO O
U



ManufacturingEngineering(ll aboratory[]

Scanned[Pr obelM icr oscopelDimensional (M etr ology [
U
Projectleader/contact: [
¢ Dr.JohnKramar,[301-975-3447,jbhn.kramar @nist.govI
e Dr.[TedVorburger,[301-975-3493, [theodore.vorburger @nist.gov(l
PrecisionEngineeringivision,MEL ,[GaithersburgC

O
Approximatelgtaffing:
0 4.0FTEO

O
Funding(Sources:[]
0  NIST{100M0)0

0

Objective: O
Tolprovideldalibration@rtifactsiandheasurement(Servi ceshat [SupportScannedprobelmi croscopy, [Surfacel
metrol ogy,@ndI(di mensi onal (tetrol ogy [Deeds[of (thelémerginganotechnol ogy ihdustry. O

0

Constituency: 0
Scanned(probelmicroscopelisersiandmanotechnol ogyihdustries.(]
O
Principal [@urrent(iasks: O
e  Provideldalibrationsiand(Serviceslthat[SupportScannedprobeli croscopy@ndisurfacelmetrol ogy ]
o  Developlthetrol ogylihstrumentsfor thelprovisi onof theselheasurementGapabilitiesC
o  Developlartifactsifiorfheldi sseminati onldf [Sub-mi crometer [Stephel ghtl@ndpitchiraceability ]
e  Supportlihdustry’ sleffortsifoldevel opliational [andlihternati onal [documentary(Standardslih{Scannediprobel]
microscopylandisurfaceletrol ogy[
O
Additional ihformation:
Theselheasurement(dapabilitiesiand(ServiceslarelBiecominglihcreasi ngly importantBothfor theldevel opment [6f [dew
nano-scal elthanuf acturi nglprocessesiand (for theldontinuediscal e-down(of [Gonventi onal [fechnol ogy. [Several [@rtifactsC]
havelrecentlyBeenlfheasured(for ihdustrydustomers. [T heselihcl udelmeasurementsiof [@veragelpi tch(of [Standard
gratingsforfthelChandralX -ray[Observatory[(200.01nmz A 0[pmD), heasurementsiaf [pi tchistandardsirangi ngfrom(]
200[@mIb2m, @ndmeasurementsiof [Steplhei ght[Standardsipib@0mmihhe ght. [

O
SelectedPublications: [
1.00R.IDixson,@t@l.,MSiliconSingl elAtomStepsiasiA FM Hei ght[Standards,” [Proc. [$PI E.[4344,[157[(2001).0
2.[R.MDixson,[et(al.,MAccuratelDimensional M etrol ogy With[AtomiclForcelMicroscopy,” [Proc.[3PI EMB998,[3620]
(2000).00
3.J.A.Kramar,ét@l.,[MGrati ngPitchV easurementsiwvi thithellVl ol ecul ar M easuring M achine," [Pr oc.[SPI E[3806, (1
46[(1999).01
4.00T.V.[W orburger, [ét[al ., "Characteri zati on[df (SurfacelT opography," BeamEffects, [SurfacelTopography, @nd]
Depth[Profilinglih[SurfacelAnalysis,[A.[Czandernalét@l . [éds.[(PlenumPress,MewlY ork,[1998),[p.[275.0

O

AlignmentiithMSETGrandChallenges. [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO | BIOSENO| TRANSO | SECURO | METO | MANDO
O XO O O O O O O O XO X0

U




ManufacturingEngineering(ll aboratory[]

Fabrication@nd[Char acterization[of Nanostr uctur eslfior (Standar ds[]
0
Projectleader/contact: [
JohnDagata,[301-975-3597, jbhn.dagata@nist.gov]
ThomasllLeBrun,[301-975-4256,fhomas.|ebrun@nist.gov(l
PrecisionlEngineeringDivision,MEL ,[Gaithersburg

O
Approximatelstaffing: O
O 24[FTED

O

Funding(Sources(]

O NIST[{100®6)O

O

Objective:O
Toldevel opldiverselfiabricati onfechni quesiior api d[prototypi nglof flunctional [Aanostructures, [@nd@ppl y thesel]
techni quesiibfabri cateldi mensi onal @nd(SurfacelfexturelStandards. [Fabri cati on(of [Such(Standardslisbei ngd
consi deredlihlfheldontext[0f Rovel [Sel f-organi zingléhemi cal [AndBi ochemi cal (processesthat[demandichemical [
functionalitylasiwvel | [@slStructuresidomposed of horelfraditional (etal li clandSemi conductor [fhaterial s.[Current]
techni queslihcludelScanninglprobeloxidation, @ ectron-beam(lithography, [fhaskl essidpti cal [lithography, [@nd(Soft[]
lithography.[1

O
Constituency: [
Semiconductor(el ectronicslihdustryl@andifianoscal eltanuf acturinglihdustry. [

O
Principal [durrentfasks: [
o  ApplylScannediprobeloxidati on{SPO) [inhfappi ngimhodelfb(fiabri catelrlegul ar [@rraysiaf (Aanostructuresii th(]
widthsof (30MmI0rIkss.(]
e Combine[SPOMithimasklessiphotolithographyfolpatternlargel@reasiwithinano-scal elfieatures]
O
Additional ihformation: O
Few(fechni queslexi stfor [thelflabri cati on(of [deliberatel y [patterned(Structures(of [arbitrarydhemi cal [dompositi onlthat [
arelSmallerfthan100manometers, But[Suchinanoscal elstructuresiwil | eléssenti al for etrol ogi cal [@spectsiaf [
nanotechnology.[]

O

AlignmentWwithMSETGrand[Challenges: [

O

MATO| ELECO| HEALTHO ENVO| ENERO| SPACEO| BIOSENDO TRANSO| SECURO| METO MANO
O O O O O O O O O XO XO




ManufacturingEngineering(ll aboratory[]

Atomic-scalelM otion[Contr ol flor Manometr ology@andManomanufacturingl]
U
Projectlleader/contact: (1
Thomas(ILeBrun,[301-975-4256,fthomas.|ebrun@nist.gov]
PrecisionEngineeringivision,MEL , [GaithersburgC

O
Approximatelgtaffing:
0 19FTEO

O

Funding(Sources]

O  NISTI{100®6)0]

O

Objective: O
CreatelStagesiwvi th(Subnanometer [positioni ngaccuracy ihmulti pl eldegrees(of [freedomBydombi ningl@aomic-
scal elhoti oniwi th(pi cometer [interferometry, @nd(real -timelServoldontrol . [Pai r fheselStagesiwvi thbng-rangel]
positioning(Systemsliblal | owIatomi c-scal elpositi oni nglover [fangeslof [@m. [ selthi sifechnol ogy o provideliengthd
measurement(Servicesiwithltncertai nti esat[dr el owldnelflanometer.[]

O
Constituency: [

Microel ectronics, [Opti cal [encoder thanuf acturers, [@ndfianoscal eianufacturers. [
O
Principal[durrentfasks. [

e  Construct[@ndiestSecond-generati onlfi nelstagelwith[Subnanometer[positi oninglaccuracy ]

e Testlprototypellinescal elihterferometer]
O
Additional lihfor mation: (J
Thelévol utionlof [hanotechnol ogy(ikrapi dl y [pushi ngthelli mitslof [Gur @bility foheasurellength. N ewtbol si@re@ so]
crucial [fblénabl eltheldevel opment[df anotechnol ogy, [@ndfor Aanomanuf acturi nglthi siwil | heanlpositi oningwith
atomi c-scal el@ccuracydver Wi derfangesthanlisdurrently[possi bl e.[T hisiproj ectliklcreati nglstagesitoprovidel ]
positi oningl@ndmoti onii thiSubnanometer [@ccuracy [iblal |l ownanometrol ogy@ndfianomanuf acturinglonmacroscopi c]
artifactsi(i.e.,[@verangesiaf [Gentimeters).[T hislfechnol ogy(is@ sobei ng@ppli ediwi thinN1 ST foldevel opl@mnew
generationlof [lengthlfeasurement(Servi ceslibmeetfhelneedsiof i gh-techihdustry (imi croel ectroni cs, [Gpti cal (éncoder ]
manufacturers), [@siwel | @sthefeedslof fhehascentfianotechnol ogyihdustry.[]

O

AlignmentiithMSETGrandChallenges. [

O

MATO| ELECO| HEALTHO ENVO| ENERO| SPACEO| BIOSENDO TRANSO| SECURDO| METO| MANO
O O O O O O O O O XO X0

O



ManufacturingEngineering(ll aboratory[]

M odelingfflor Nanometer -Scal elll engthM etr ol ogy[]
0
Projectleader/contact: [
JohnWillarrubia,[301-975-3958, [jbhn.villarrubia@nist.gov]
PrecisionlEngineeringDivision,MEL ,[Gaithersburg

O

Approximatelstaffing: O
2.2[FTEO

O

Funding(Sources(]
NIST[[75%),[@ther[25%) 01

O

Objective:O
Development@ndlimprovementof [domputati onal [fodel siib(Si mul atelfthelgeometrical [@rtifactslintroduced Byl
measuringlihstruments,Malidati onldf hodel sy [@ppropri ateléxperiments,[@ndlihversi onldf theselfhodel si(tothe]
extent(possi bl e) fbldeducelthelSampl elgeometry(that[produced@measurediimage, therebylénablingldimensional [
metrol ogyWith[Aanometer-scal eldccuraci esiandriepeatabilities.[]

O

Constituency: [0
Semiconductor @l ectroni cs, [hagneti c[Storage, M EM S, [@nd[@merginghanotechnol ogyihdustries
O
Principal[durrentfasks. [
o  Devel opment(df [@rhodel -basedlinewidth@and(li nelshapeheasurement Systemfior thelScanninglél ectron]
microscope(ISEM).[
o  Modellpredictionsiaf [dependencelof (SEM [Ii newidthiheasurement [fepeatability [Wponltheasurement
conditionsisuchlas(signal fbnoi selratio, [depthldf [fiel d,[Sampl eldeometry, (étc.(]
e  Comparisonsibetweenléxperiment@ndfivolodel [dodesfor [feasurement(df [ newi dthiihloptical (]
microscopes.[]
e  Thick(Iayerdptical (modeling(fiorlinewidth@nddverlayhetrology.(]
O
Additional ihformation: O
Economically(significantlexistingihdustries({e.g.,[Semiconductor (&l ectroni cs) [@ ready need(di mensi onal (fetrol ogy (]
withldncertainti esiaf [Aanometersi{isee, [@.g., Thellnter nati onal [Technol ogyRoadmap(for [$emi conductors),[@ndthel]
needlikléxpectediblBelstil| more@cuteflor[@merginglanotechnol ogy ihdustri es,whi chiwill [producelévenigmal ler [
structuresiwithimoreldompl exideometries.Meither N1 ST (Mor ihdustrydaniperf ormiwi dth(0r [shapelheasurementsfo]
thisiaccuracy Wwithoutmodeli nglthelmeasurementsibecauselinteracti onBetweenthelheasuri nglihstrument@ndthed
sampl elproduceslimageldi storti onsion(alScal eldetermi nedBy fhelcharacteri sti c[si zeldf [thelprobe-sampl elinteractiond
volume.[Theselprobinglérrorsiarelgeneral lyldnthelScal elof [Somelfensiof [anometer s[Or Targer . [Wnl essidnderstood@nd ]
corrected, fhey(thereforelposelaniihherent(probl em(for [heasurementsirequiringhanometer-scal e@ccuracy. [
O
Selectedpublications: [
1.0 J.[3.Willarrubia,[A.[E.VIadar,J.[R. I owney@ndM. T . [Postek, EdgeD eterminati onfor [Pol ycrystal line]
Siliconlinesion(Gatel®xide,” [Proc.[SPIE4344,[147-156[(2001).01
2.0 J.[Potzick,MThelprobl emiithiSubmicrometer [ newi dthiStandards, [@nd[aproposediSol ution," (Proc. [SPI EC]
4344,[139-146[(2001).00

O

AlignmentWithINSETIGrand[Challenges: [

O

MATO| ELECO| HEALTHO ENVO| ENERO| SPACEO| BIOSENO TRANSO| SECURDO| METO MANO
O XO O O O O O O O XO O




ManufacturingEngineering(ll aboratory[]

Microfor celRealization@and M easur ement [
t
Projectlleader/contact: [
Jon[Pratt,[301-975-5470,[jon.pratt@nist.gov
ManufacturingV etrol ogyDivision, MM EL ,[Gaithersburgd

O

Approximatelstaffing: [
25FTEO

O

FundingSources. [
NIST[{1100%) 0

O

Objective:O
Tolestablishlametrol ogi cal Basi slfor[Smal | fiorcelheasurement By [devel opi nglan(él ectroni clreal i zati on(of [forced
traceabl elfbfhe3l ihthelfegimeBetween10 M @nd10™ M.

O

Constituency:
Manuf acturersi@ndsersiaf ihstrumented(ihdentati onléqui pment, mhanuf acturer siandisersiaf [Scanned(probel]
microscopesithat@relémpl oyedlihforcelcharacterizati on,[@ndati onal heasurement(ihstitutesNM I’ s). 0T
O
Principal [Qurrentfasks: O
e  Developing@primary(forcelbal ancelfbldomparelél ectroniclandigravitati onal | ylderivedforcesiwithfhe
potenti al [fbléxami neldatomi clandquantumiderivedforces]
e  ExploringMariousSmall forcelheasurement(devicesfor [isel@siransfer(artifactsC]
e  Buildingl@laboratoryiblhiousefhelprimarybal ancell
O
Additional lihformation: (J
Theltheasurement(of [Smal | forcelisiémpl oyediblcharacterizelthelperformanceldf [@Nari ety [6f [ihdustrial [products]
rangi ngfromthi nifil midoati ngs, [Such@slpai ntslandlacquers, fbllbwthrustpropul sionlSystemsifior [Spacecraft, [Such(as(]
fiel dlémissionlél ectriclpropul sion.[A [great[deal [6f [Sci entifi clihterestéxi stslwi thi nthelbi ol ogi cal [Sci ences, Where[d
researcherslarellisinglsmall [forceleasurementslibunravel thelysteri esliof [protei nifol ding, {i ssuelfnechani cs, [@nd]
cellularflunction. [T herelik@ solmuchlacti vity i thinthelphysi cal [Sciences, Wherelfiesear chers@rellisingsmal | forceld
measurement(ibldonfirmtheltheoreti cal [predi cti onsiaf [quantumirhechani csiandiblprobethelphysi cslof thel@om. (A D
directl@nd(accuratellink fbthelSI [isdiffi cul tbachi evelfor forceslessithan1001N, [Bwingibldifficul tiesih[obtai ning ]
andhandlinglsmall imassartifacts.[Recogni zing(thi s, elSeek fbldemonstratelthelviability[df (feal i zing[Smal | force]
usingllkessidirectthethodsbased(Onlél ectroni clineans. [WItimatel y, velSeek [@lfor celbal ancelwi thaldynami cltangelthat [
encompassesiandidan@accommodatelfhelSmall est[@vail abl eldeadwei ghtlartifacts, Yet(isdapabl eldf [fesol vingforcesion]
an(atomiclScal elby@ppeal ingibiheldutput(of [Awel | [defined, [@ndmetrol ogi cal l yaccuratelél ectrostati cflorcel]
generator. [l
O
Selectedpublications: [
1.0D.B.MNewell,[1.R.[Pratt,[J.A.[Kramar,[D.T.[Smith,IL.A.[Feeney,@ndE. Williams,[2001,[SI (Traceabil ity[6f (I
ForcelatftheManonewtonl evel,” [Proceedingslof the[2001 M CSL Mnternati onal W orkshopl@andiSymposium, ]
WashingtonDC.O
2.[1.[R.[Pratt,[D.B.Mewell,[E.[R.Williams,[D.T.[Smith,[@ndJohnK ramar,[2001,1TowardsaT raceabl e[
Nanoscal eForceStandard” , [Proceedingsiof the2™ EUSPEN nternational [Conference, [Turin, Mtaly, [p.@70-

473.0
O
AlignmentWwithMNSETIGrand[Challenges: [
O
MATO| ELECO| HEALTHO ENVO| ENERO| SPACEO| BIOSENDO TRANSO| SECURDO| METOl MANO
O O O O O O O O O XO XO
U




ManufacturingEngineering(ll aboratory[]

L ar gelScal e[Sur facelM etr ology With[Sub-Nanometer lWncertainty]
O
Projectlleader/contact: [
o Dr.UIf[Griesmann,301-975-4929, Wif.griesmann@nist.gov]
e Dr.0ony[Schmitz,[(301-975-8346,fbny.schmitz@nist.gov]
Manufacturing etrologyDivision,MEL , [Gaithersburg
O
Approximatelstaffing: O
2.0FTEO
O
Funding(Sources: [
NIST[100%6)

O

Objective:O
I mprovement(@nd(devel opment[of Teadi ng-edgeldpti cal [interferometry [0f Thelheasurement 0f [Surf acelfi guresiof [
flat,[Spheric,[donic,[@nd(@sphericlSurfacesiwi thftheldoal [0f [Achi evingl@tomi cllevel Wncertai nti eslof (0. 25[Amrms
toleetthelfeedsiaf [Optical [lithographybasedlindustries.]

O

Constituency: [
Opticslihdustry, Tithographyibol [ihdustry,Semiconductor [fhanuf acturi nglihdustry,[Semiconductor fhaterial [
industry.]

O
Principal [durrentfasks. [

o  Commission(thelMIST X-ray0pticsICAL | BrationInteRferometer (X CALIBIR) [

o  Developlaflatnessistandardiblfeet thelfeedof [ihdustryfior [fl atnessifneasurement(Servi cesiand(fl atness

standards.[]

O
Additional Thformation: [
I nithelfuture, thelfhanuf acturelof hanoscal eldbj ectsiwi thiOpti cal (i thography il | Ifequi relBoth@dvancedOpti cslibol sC1
and(materi al sidapabl eldf [@tomi cllevel [shapelibl erances. (X CAL I BIRIgivesiusitheldbil ity folfhakefhese]
characterizationsiandthusiblprovidelstandardsiblihdustry.[Establishedlithography Based@pproachesifor [
manufacturingfianometer [Scal elobj ectsl{i nichi piranuf acturing, [fhi croel ectromechani cal [Systems-IM EM S, [étc.) (havel]
theladvantageldffhassi velparal lelismidverfiovel Massembl er” fypeldpproaches. T hisiparal | elismlikihekey fothe
economi clproducti onldf (fanoscal eldevi cesland, fheref ore, iveléxpectlithographyBasedfhanuf acturi ngfnethodsto
remainidriticallylimportant.]
O
AlignmentiithMSETGrandChallenges. [
O

MATO | ELECO| HEALTHLO ENVO | ENERO| SPACEL | BIOSENDO| TRANSO | SECURO | METO | MANDO

U XO g O 0 g g O 0 X X0

O
U




Chemical [Scienceland(Technology(ll abor ator yl

M olecular [Electronics]
O
Projectleader/contact: [
¢ RogerD.VanZee,[301-975-[2363,Moger.vanzee@nist.govl
ProcessM easurements[Division,[CSTL ,[Gaithersburgd
o CurtfA.[Richter,[301-975-2082, Gurt.richter @nist.gov
SemiconductorElectronicsDivision,[EEEL ,[Gaithersburg
O
Approximatelstaffing: O
0 3.25[FTEQCSTL)O
O
FundingSources: ]
O  NIST(100%6)0]

O

Objective:O
Tolcharacterizelfhelstructural (properti esiandidonducti onechani smthroughihol ecul esiandibldevel opethodsl]
tolreliably@ndreproduci blyiheasurelthelél ectrical [properti eslof [Smal | énsembl eslof ol ecul es.[]

O

Constituency: [
0  Microelectronicsiindustry]
O
Principal[durrentfasks. [

e DeveloplaI ST [standard(Suiteldf (Mol ecul ar st (Structures[(M TS).O

o  Developlafundamental [inderstandinglof [@hargelfransportthroughiol ecul esland ol ecul ar[eénsembl es. [
O
Additional lihfor mation: (J
Thisltasklik[part(df [@ldross-disciplinary, inter-laboratoryeffort @M I ST ([EEEL @ndCSTL ) Withl@nloveral | [doal [0f [
devel opingtheleasurement (Sci encelthat Wil | [énabl elfinol ecul ar (el ectroni csM E) [fbbl ossomlinto@viabl elihdustry. [
WithinEEEL ,MWelareldevel opinglikest-structuresibasedpon(ianof abri cati on@nd EM SI[(Mi cro-El ectro-Mechanical [
Systems) [processi ngltechni queslfor [@ssessi nglthelél ectri cal (properti esiandriel i ability [0f [fhol etroni cltol ecul es. N
additi onlfotheldompl exity[0f fhehanof abri cati onlof [fest[Structures, Thelchal | engesiassoci ated i theasuri ngthed
€l ectrical [properti eslof theselSmal | ol ecul ar[énsembl esiareldaunti ng. Wi thin[CST L, ivelarelstudyi ngthelstructureldf
thelhol ecul ar[@nsembl eslinsi delM Eldevi cesiandlihvestigati ngldhargeliransport throughitheselfol ecul es.[Thesel[
experimentsiareldarriedlouttisi nglSophi sti catedOpti cal [Spectroscopi esiandScanned-probelihstruments. [Thesel]
mol ecul ar[Systems(@relbei nghodel ed, bprovideltheoretical [ihsi ghtslintotheleasuredfransportproperti esiandib]
validatelpredictivelfhodel .

O

AlignmentiithMISETGrandChallenges. [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO | BIOSENO| TRANSO | SECURO | METO | MANDO
XO XO O O O O O O O XO O




Chemical [Scienceland(Technology(ll abor ator yl

[$elf-Assembled M onolayer SIISAM s)flor [Chemical [@AndBiochemical M easur ements]
0
Projectlleader/contact: [

Michael [.[Tarlov[(ICSTL ),[301-975-[2058, [tarl ov@nist.gov]

ProcessiM easurementsiDivision,[CSTL, [Gaithersburg

O
Approximatelstaffing: O
O 25[FTEO

O

FundingSources: ]
O  NIST[{100%)0

O

Objective: O
Establi shinglafundamental Winderstanding(of thelfol ecul ar[Sel f-assembl y [processesthat[overnithefiormation
of honol ayersandhulti-layersidithisef ul ol ecul ar [fecogniti onlproperties. [0

O

Constituency: [
0  Biosensing@ndbiotechnologylihdustries’]
O
Principal [durrentfasks: [
e DNA-functionalized[$AM s@relbiei ng(studi ed(@sStructural [él ementsland(mol ecul ar-scal e[Jzi p-codes’ [for thed
assembl y[6f (Aybriddano-structures]
O
Additional ihformation: O
M easurement hethods(that [provi delstructural [ihformati onldoncerning[SA M [Systems(areldevel oped@nd@ppliedio]
novel [SAM [Systems(ibldorrel atelol ecul ar [Scal e[structurelith(Sensingland(di agnosti clbehavior. TEffortsiare]
primarilyldoncentratedionlel ucidati ngltheltructurelof Mucl ei claci d[SA M siaf [thelflypelthat [@refoundThDNA [¢hips]

used(for(deneticlanalysis.[T

O

AlignmentWithMNSETGrand[Challenges: [

O

MATO | ELECO | HEALTHL ENVO | ENERDO | SPACEO | BIOSENO| TRANSO | SECURO | METO | MANDO
O O X0 XO O O X0 O O XO O

U




Chemical [Scienceland(Technology(ll abor ator yl

Combinatorial M ethods[]
O
Projectleader/contact: [
Steven[A.Buntin,[301-975-2989, [&teven.buntin@nist.gov
SurfacelandMicroanal ysi siSciencelDivision,[CSTL, [Gaithersburg

O
Approximatelstaffing: O
O 2.0[FTED

O

Funding(Sources:
O NIST[{100®6)0O

O

Objective: O
Toldevel opteasurementethodsthat[Ganléval uatelSmal | er@nd(Small er[Sampl es, [éxtractfneani ngful [datalon]
nanoscal elproperti es, @ndprovideSampl eldrray [pl atf ormsithat [GanBelihdependently hieated@nd@ddressed.]

O

Constituency: [
O  Laboratorylihstrumentation(Sector,fateri al siperformanceldharacterizationllBboratories]
O
Principal [durrentfasks. [
e Developlsurfaceland(microanalysisihethodslthat il | (8l | owlhyperspectral [dataldol | ectionl@nlaiul tiplexed O
measurement(platform.]
o  Assessiadhesi onidf (polymer Bl endlibrari esiby hi ghthroughput hethodsliisi nglRamanlimaging]
instrumentation.d
o Developlamon-contact,[Ryperspectral [Scanned(probeldapabl eldf [Simul taneousimeasurement [0f [Sampl e[
propertieslisinglhicrowave, linfrared,\isible, [@nd[dl traviol et[Spectroscopies.[]

O

AlignmentWwithNSETGrand[Challenges: [

O

MATO | ELECO| HEALTHLO ENVO| ENERO| SPACEO| BIOSENO| TRANSO | SECURO | METO | MANO
O O O O O O O O O XO O

O




Chemical [Scienceland(Technology(ll abor ator yl

ChemicalMNanoanalysisl]
O
Projectlleader/contact: [
EricB.[Steel,[301-975-3902, [éric.steel @nist.gov
SurfacelandMicroanal ysi siSciencelDivision,[CSTL, [Gaithersburg

O
Approximatelstaffing: O
O 2.0[FTED

O

FundingSources: ]
O  NIST(50%),MtherlAgenciesi(50%o) ]

O
Objective: O

Toléstablishidanometer-scal eldhemi cal [heasurementsi@ndStandards.
O

Constituency: [
O  Electronicslindustry,[powderfechnol ogies, thinffilmidoatings, [@nvironmental (I
O
Principal[durrentfasks. [
o  Developlelectronl@ndX-ray[Spectroscopicleasurement(fethodslonlel ectronBeam(and(Synchrotron]
instruments(fo(al | ow(hi ghlSpati al (fesol utionf@nal ysi s
e  Developlandianalyzelthinfil miandfanoparti cl elfest tateri al siarebel nglibldetermi nelthelbest[6hemical [

nanoanal ysi siapproaches]
O
AlignmentiithMISETGrandChallenges. [
O
MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANDO
O XO O O O O O O O XO O

O




Chemical [Scienceland(Technology(ll abor ator yl

M olecular [ScalelChar acterization[]
0
Projectlleader/contact: [
0  Leell[Richter,[301-975-4152, [lke.richter@nist.gov]
O  Surfacel@ndMicroanalysisiSciencelDivision,[CSTL,[Gaithersburgll

O
Approximatelstaffing: O
O 3.5[ETEOD

O

FundingSources: ]
O NIST[{100®6)0O

O

Objective: O
Toldevel opmonlinear Opti ciethods@ndSecondary TonV assi$pectrometry [SI M S) iblprobelinterfacelstructured
and(dynami cslatthelfhol ecul arlevel .1

O

Constituency: [

O  Electronicslindustry,[@oatingsiihdustry]

O

Additional lihfor mation: (J

Nonlinear[Opti cltethods@ndSecondarydionVl assi$pectrometry (Sl M S) [@relbei ngldevel opedtbprobelinterfacel]
structurel@ndidynami csiat [thelthol ecul ar Tevel . [T helfiechni queldf Wi brati onal l y-resonant [Sumifrequency generation
uniquely[provideslihformati onldoncerninglfnol ecul ar Bonding(Specifi cal ly @t fhelihterfacelbetweenBvoedialle.g.,[]
solid/solid,[Solid/liquid,étc.).M ethodol ogi esihavebeenidevel opedithat lediblfhelcharacteri zati onlof theldetail ed
structureldf [pol ystyrene/glasslinterfaces, lihcl udingtheldeter mi nati on(of theldl i gnment [6f ol ecul ar [groupsial ongthell
polymerBackbone.[ClusteribniSource@dvanceslini3l M Sarebei nglpursuediblincreasefhelSensitivity@ndeducelihell
degreelof [Surfaceldamageliblal | owSub-monol ayer [Sensitivity ool ecul ar[Species. [Tl uster [Sourcelfhethodslarel]
currentlyBeingl@ppliediblSeveral [pol ymer il msib@ssesslthelgeneral @pplicability 0f fhelethod.

O

AlignmentiithMISETIGrandChallenges. [

O

MATO | ELECO| HEALTHLO ENVO| ENERO | SPACEL | BIOSENL| TRANSO | SECURO | METO | MANDO
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O



Chemical [Scienceland(Technology(ll abor ator yl

Near fieldIM ethodslflor [Chemical [Analysis[]
0
Projectleader/contact: [
0  Stephanil.[Stranick,[301-975-23480]
O  Surfacel@ndMicroanalysisiSciencelDivision,[CSTL,[Gaithersburgll

O
Approximatelstaffing: O
O 1.0FTEO

O

Funding(Sources:
O NIST[{100®6)0O

O

Objective: O
Toluselniear-fiel didpti cal hethodsibldombinelfhelSpati al [fiesol uti onlof [Scanned[probesiwithithelSpectral [
informati on[of [@pti cal hethods.[

O

Constituency: [
O  Industriesldtilizingl@haracterizati on[of [@hemi cal anostructuresi(fromidatal ystsiolmicroel ectronics)
O
Principal [durrentfasks. [
e Tolextendnear-fiel dimethodsliblihcorporatelRaman(Scatteri ngl@andlihfraredlabsorptionibldevel op]
measurement(thethodsldapabl elof [fiol | owingléhemi cal [hangesidn(thelfianoscal e.[]
O
Additionallihformation: [

Recentleff ortslhavelfocusedlonl@ccuratel y@ssessi nglSensitivity[@nd(resol uti onlfior N SOM -based(ihfrarediabsorption]

usi ngl@broadbandfemtosecondlaser [BasedSource, [@nd@ppl yi nglthi siianoscal e, [y perspectral [imaging ™
instrumentati on(fblpol ymer Bl end(Systems.[d

O
AlignmentWwithMNSETGrand[Challenges: [
O
MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANDO
O O O O O O O O O XO O
U
U




Physicslll aboratory[]

Nanoscal elPhysicsiResear ch[]
0
Projectlleader/contact: [
0  RobertlCelotta,[301-975-3710,fobert.cel otta@nist.gov
0  Electron@nd@ptical PhysicsDivision,PL,[Gaithersburgl]

O
Approximatelstaffing: O
O 8HFTEO

O

FundingSources: ]
O  NISTP1Y6),OtherlAgenciesi(O&b6)

O

Objective: O
Tolperformifesearchlihfianostructurelfeasurement(sci ence, ihcl udinglél ectron-surfacelihteracti ons, [Surfacel@nd]
multil ayerthagnetism, [bser-focused@tomideposition, &l ectronlihteractiontheory, @ ectron(Spinlpol arization
phenomena,[@ndlél ectrondpti csiandlihstrumentation.

O

Constituency: [
O  Magneticslihdustry, particularl yithagneti clstoragelinlinformati onffechnol ogy; (€l ectroni csliihdustry; [ihf ormation]
technol ogy, [quantumidomputing; [fhaterial slindustry ]
O
Principal [durrentfasks. [
o  Magneticlimaginglof mhagneti clianostructuresius ng@fiew(scanni nglel ectronlrni croscopel((SEM ) withd
polarization@nal ysisiiSEMPA) [
o  DevelopmentldfSpinlpol arizedScanningiunnelingicroscopy [{(STM)
e  Singleldomlrhanipulationldnder[@ptical [dontrol (I
O
Additionallihformation: [
Thelimmediatelgoal [6f The[SEM PA Mvork isiblachi evelalSpati al esol uti onldf (= 10Mmifor hagneti climaging. [T he
STMeffort(isldirectediowardluisi nglpol ari zedphotonsfromlalGaA sii pibldetermi neltheldomai nistructureldf @
magneticlianostructurelih@n$TM Withvery[highlSpatial (fesol uti on. [Finally, theldtom(rnani pul ati onwork (aslthel]
immedi atelgoal [6f [produci ng(Si ngl elatomsionidemand.]
O
Selectedpublications: [
http://physics.nist.gov/Divisions/Div841/Gp3/epg_files/pub.htmi]

O

AlignmentiithMSETGrandChallenges. [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO | BIOSENO| TRANSO | SECURO | METO | MANDO
XO XO O O O O O O O XO O

O



Physicslll aboratory[]

Nanoel ectr onicsiand[AutonomouslAtom[Assembly]
t
Projectlleader/contact: [
0  Robert[Celotta,[301-975-3710,robert.cel otta@nist.gov
0  Electron@nd@ptical PhysicsDivision,PL,[Gaithersburgl]

O
Approximatelgtaffing:
O AFTEOD

O

Funding(Sources: J
O  NIST(840),[Other[Agencies16[@6) ]

O

Objective: O
Tolestablishthefundamental [physi cal [princi pl esiof importancelihél ectroni ciianostructuresithroughfhe@omicl
scal elihvestigationlaf [uantum(eél ectronics.[]

O

Constituency:
O  Electronics,hagnetics,[@ndthaterial slihdustries
O
Principal [@urrent(iasks: O

e  Tolfabricatelé ectroni clandmagneti clhanostructuresiandifneasurelthei riphysi cal [properti esiwithlatomi cl

scal elfiesol ution

O
Additional ihformation: O
ThellaboratoryGamelon-linelwithfhelSuccessf ul [Operati on(of fhelai nifheasurement Sy stem, [@lScanni ngfunneling]
microscopel{IST M) [Operati nglat[éryogeni clfemperaturesiih@nlihtenselfagneticlfiel d.[Theldryogeni c[STM was]
designed@ndbuilt@ NI ST.Movel featuresiaf thelfi croscopelincl udelasol i dimol ybdenumibody desi gni{madel
possi bl elBy thelhi gh-speedachi ningGapabilities@t NI ST), [@Anlihtegral [3-axesipositioni ngSy stem(of fhelSampl eldand]
ti plwvith{pi cometer [preci sion, [@pti cal [AccesstbthelSampl e/ti pljLinction, [@ndfion-magneti cldonstruction. [T held
mi croscopelislaldompl etel y(Sel f-contai nedini tfhat [Gan(Belfrand ated Between@roomiemperaturelSystem@nd@liquidC
Heldryostat.[Thelmi croscopewasldes gnediblhiave@iery i ghlSpatial [Andenergy fesol uti on. Mt [Ganheasure]
di splacementsibel ow 1 [pmi@ndresol velel ectronlénergylevel slSeparated By 600V .[Operatinglihl@ldryogenic, igh
magneticlfi el d@nddl tra-hi ghllacuumienvironmentsithelmi croscopelheasuresiél ectroni clandfhagneti clproperti esiof [
nanostructuresion@n(aiom-by-atomBbasi s.[T helti croscopelhasiachi evediatomi cliesol uti onlmeasurementsion(thel]
surfaceldf[Cu(111) &8t 2. 3K [andlihithagneti clfi el dsidpdo 0. [Thelstability[df fhelti croscopeldl l owsaomicl
resol utionlfheasurementsiiblremai nlihlregi stry whil elfhelthagneti c[fi el dlisiSwept. T hellaboratorydontai nsifaciliti esfor
thelfabri cati onlaf [Sampl es, i ps, [@ndManostructures. [T helflaciliti eslincl udelfraditi onal (hol ecul ar-beamiepitaxyaf M 1-V [
semiconductors, [Superconductors, [@ndmagneti cimaterial s, [@siwel | [@sBottom-uplianof abri cati onlis nglautonomous]
atomlassembly. T
O
Selectedpublications: [
O  http://physics.nist.gov/Divisions/Div841/Gp3/epg_files/pub.html 0

O
AlignmentWithMNSETIGrand[Challenges: [
O
MATO | ELECO| HEALTHLO ENVO| ENERO| SPACEO| BIOSENO| TRANSO | SECURO | METO | MANO
XO XO O O O O O O O XO XO
U
U



Physicslll aboratory[

L aser [Trapping@nd[Cooling]
u
Projectlleader/contact: (]
BillPhillips,[301-975-6554, Wil liam.philli ps@nist.gov]
Atomic[PhysicsDivision,PL,[Gaithersburgd

O
Approximatelgtaffing:
O AFTEOD

O

Funding(Sources: J
0  NIST{1000)0

O

Objective: O
Tolstudythelphysi cslof Taser[dooling, @ ectromagneti clirappi ng, [@nddther [fadi ati velmani pul ati on[of [Geutral [
atoms@nd(dielectriclparticles.C

O

Constituency: 0

Biotechnol ogy@ndI(microel ectronicslihdustries.O]
O
Principal [@urrentliasks: O

o  Toldevel opliechniqueslisingldpti cal fveezers,[@.g., foiheasurelstochasti cal | y-drivenldnland(off [Fatesaf [

adhesi onfoBi omol ecul eslimmobilizeddnSurfaces.]

o  Tolperformiresearchlihldoherent@omidpti cs=+@tomsirel easedfrom@Bose-Einstein[Condensate. [
O
Additional ihformation: O
Theselfundamental [studi eslareltisedfbldevel oplappli cationslibliew(kindslof [Bhysi csimeasurementsiandprocesses]
such@shi ghlresol utionlSpectroscopy, [@tomicldl ocks,[datomicldol lisions, [@tomidpti cs, [Bi o-mol ecul arlihteractions, [@nd
atomi c-scal el@andnano-scal effabrication. T helgrouplislead Dy Bil | Philli psiNobel [PrizelinPhysics[1997). 0T
O
Welhavelheasureditheldi stributi onldf [fi mesfior [fiormati onlandIdi ssoci ati on[of [anti gen-anti body [Bondsland ihitiated]
theoretical [hodelinglof [theléxperimental (fesults. (W elhiaveldonstructedidnew@pparatusiincorporatingbothloptical [
tweezersiandlanoptical [Scal pel " fbldutlihtoDi ol ogi cal [Obj ects.Welhavelihiti atedStudi eslof [1i posomelani pul ation]
usingbothlthelopti cal veezersiandiscal pel . [T
O
Usingldoherent(atomldpti cs, welhaveldemonstratednon-linear(eff ectsiwi ththeselnanoscal elbeams, [Suchlasfour-wavel
mixing,Whi chlihcreasesthelpotential [for[eventual pplicati on[of Theselbeamslihtheldontrol [0f [@tomi cldepositionon]
theldanometer(Scale.[
O
Selectedpublications: [
O  http://physics.nist.gov/Divisions/Div842/Gp4/group4.html [
O

AlignmentWwithMNSETIGrand[Challenges: [
O

MATO| ELECO | HEALTHO ENVO | ENERO| SPACED | BIOSENO| TRANSO | SECURO| METO | MANDO
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Physicslll aboratory[]

Atomic[Radiation@ndPlasmal]
t
Projectlleader/contact: (]
WolfgangWiese,[301-975-3201, vol fgang.wiese@nist.govl
Atomic[PhysicsDivision,PL,[Gaithersburgd

O
Approximatelgtaffing:
0 1YETEOC

O

Funding(Sources: J
0  NIST{1000)0

O

Objective: O
Tolperformiexperimental [@ndfheoreti cal [fesearchlonlquantumiprocesseslin(dtomic, ol ecul ar, [andfianoscal e(]
systems, [ihcludingléxpl oration(of [@atomi clinteracti onslih[pl asmasiandiwith(Surfaces. [

O

Constituency: 0
Microel ectronicslihdustry @ndiquantumi@omputingd
O
Principal [@urrentliasks: O
e  ThelNIST [ElectronBeamiibnirap(EBIT)]
e  Fundamental heasurementsion(referencelpl asmasliblassi stlihdustrylihldiagnosinglihdustrially-important [
plasmas, [Suchlasthoseltisedih(i cro-@ndano-scal elétchi nglprocesses]
O
Additional ihformation: O
ThelEBI T lisusediblmakelexotic,[highlychargedlibnsthat [Garry Targel@mountsiaf [potential [énergy. [Thelibnslinthesel]
beamslihteractiwith(Surfacesbldreatelfanoscal elfieaturesithat [@relstudi edtsi nglScanni ngfuinnel ing i croscopy [
(STM)[@ndiaomicfforcelicroscopy (A FM) fechniques.
O
Thislproject(@ solihcludeslthelpreci sioniheasurement [0f (theldpti cal [properti eslof hateri al siproposedfior [ihcl usionlin [
193Mm@nd157mMmioptical lithography(Systems.[T heseldevel opmental [activiti esiSupport fhelihtegratedidircuit[]
(semiconductor)ihdustry(ihltheir farget[af [Achi evingfeaturelsi zesldnthelorder [af [70m. NI ST hecentlymhadelthed
significant(discovery(that(dal cium(fluoride,[@neldf theflewmateri al sithatarelfransparent @t 157mm, islihherently [
birefringentlintheldeeplultraviol et.[Thelpracti cal import [{for [Opti cal [éngi neerslisthat [ldal ci um(fl uori dellensiwil ot [
focusiproperlyiithout,[atthelverylkast, (moreldareful [dontrol [0f [pol ari zati onlthanhasBeen(previoud yrequired.T his[]
isialdifficultiproblemigivenlthat therel@reldbout 200enslel ementslih(@fyypi cal waf er[Stepper. NI ST [fesearchersareld sol]
pursuinglpotenti al [Sol uti onslibthelprobl emlihvol vinglmixedidrystal sitbldompensatefor Thelbi refringenceleffect. [T
O

Selectedpublications: [
O  http://physics.nist.gov/Divisions/Div842/Gp3/group3.html [
O

AlignmentWithMNSETIGrand[Challenges: [

g
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Physicslll aboratory[]

Quantuminfor mation[Competencel]
u
Projectlleader/contact: (]
0 CarllWilliams,[301-975-3531, Garl .williams@ni st.govD
O  AtomicPhysicsDivision,[PL,[Gaithersburg

O
Approximatelgtaffing:
0 10.6FTEO

O

Funding(Sources: J
O  NIST(B820),Other[Agenciesi(42@0) ]
O
Objective: O
0  Toldevel oplqubitiSystemsibaseddninanoscal elSystems(of [atomsandlibnsfor[QuantumInformation.(
O
Constituency: [0
O  Quantumi@Gomputing,dataléncryption]
O
Principal [Qurrentiasks: O
o  Toleliminatel@and/orldvercomeltheléffectslof [foti onal (heati ngl(whi chidegradesithelfidel ity [6f theldata-bus(l
qubit)C
Tolthulti plex[ibn-trapSystemsby fransferringlibns{({ .e., [quantumlihformati on) Metweenprocessor [@rrays’]
Tests[possi bl elimpl ementati onslof [Guantum(bgi cldperati onslihidpti cal | ydonfined(Systems]
Uniform(Ibading(of (@pti cal Tatti celsi tesiwi thlalpredetermi neddumber [6f [@toms]
Addressinglof fhelihdividual [qubitsih@noptical Tatti ce[]
Entanglement(af [@toms[at Tatti celSites]
Providing(detail edifhodelinglof [Gurrentléxperimental [Systems, [dnlidentifyi ngfundamental [li mitati onsidueliol]
effectsiof [Moisel@andldecoherencel
o  Evaluatingl@lternativeldpproachesforimplementinglquantumbgiclinfrapped-atom(Systems]
O
Additionalihformation: [
Quantum(Iinformati onlfbuchesiSomelthelostfundamental [questi onslof [moderniphysi cs, [@ndtherel@relong-term]
benefitsiibMI ST [@sthelSubj ect Bearsionfundamental [questi onslaf [metrol ogy[andi mekeeping. (B ut it(al sohas]
practical [Bpplicati onslof [ihterestihidommuni cations, [éryptography, [@ndidompl exity theory. M1 ST [hasthelmost [
capabl elprogramslihtheostpromisi ngl@pproachesib@QuantumIinformati on, Mvhi chlihvol velfianoscal elSystemsiaf (1
atomslandlibns.
O
Selectedpublications: [
O  http://qubit.nist.gov/index.html O

O

AlignmentWithMSETIGrand[Challenges: [

O

MATO | ELECO| HEALTHLO ENVO| ENERO| SPACEO| BIOSENO| TRANSO | SECURO | METO | MANO
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Physicslll aboratory[]

BoselCondensationExperiments]
0
Projectlleader/contact: [
EriclCornell,[303-492-6281, dornell @jila.col orado.edul]
QuantumPhysicsiDivision,[PL,[Boulder]

O
Approximatelstaffing: O
O O.9FTED

O

FundingSources: ]
O NIST[{100®6)0O
O
Objective: O
Explorelandiexpl oittheldlti matell mitsiihlbw-temperatureldases={ihcl udingbothfiermi onsiandbosons.[]
O
Constituency: [
Quantumidomputing.O
O
Principal[durrentfasks: [
ol Probelfheldecay(dfgo-calledMinternal" [doherencelof ThelB oseldondensate, thelrel ativelduantumiphasel]
between(thelnucl ear [Spi n-statesiof Theldomponent@tomsL]
ol Performiéxperimentsion(Bosenovasiblgai nlihs ghtlihtofhelfatureldf (Shock avesihtheselSystems[]
O
Additional lihfor mation: (J
In[1995, I ST [physi ci stsiachi evediaifemperaturelfar lbwer fhanhasléver eenlproducedbef oreland(created@n]
entirely[new(statelof (hatter (predi ctedidecadesiagoBy A | bert[Einstei niand Ihdi anlphysi cist[$atyendral ath(B osel=+[1
calledi@Bose-Einstei nldondensatel(B EC).In@EB EC, fhelquantumirhechani cal [profil esldf thel@ omsiSpreadidut@nd
overlap,[dausi ngthelihdividual @omslibldondenselintol@superatom" Behavinglasialsi ngl eléntity. [
O
Today, [thi siproj ectléxpl oresiandieéxpl oi tsithelul timatelli mitsihTow-temperaturelgases. T hefivobasi clSpeci eslof (]
atoms(=-flermi onsi@ndBosons= behavelery differently @t tra-| owfemperatures. [EachloffersOpportuniti esiin]
precisionlSensi nglandmetrol ogy, @ndliheéachidasetheleff ectsidf [quantumifhechani cs, [drdinarilyfaskedBy[Fandom(]
thermal (Behavior, [@reldominant. ]
O
Selectedpublications: [
0  http://mwww.bec.nist.govl

O

AlignmentiithMSETGrandChallengesC

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO | BIOSENO| TRANSO | SECURO | METO | MANDO
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M aterialsiScienceland[Engineering(ll abor atoryl]

Nanotribologyl]
O
Projectleader/contact: [
StephenV.[Hsu,[301-975-6120, [Stephen.hsu@nist.gov]
CeramicsiDivision,M SEL ,[Gaithersburg

O
Approximatelstaffing: O
O 5.0FTEO

O

Funding(Sources:
O  NIST(B0Y6),MtherlAgenciesi(20%o) ]

O

Objective: O
Tolprovideheasurementfethods, [ihstrumentati on,[@nd(driti cal [datalon(i ction, [Sti ction, [@nd@dhesi onl6nC
relevantfaterial slibfheltiser [dommunityfhroughidorkshops, [publications, [presentati ons, [@nd(dol | aborative
researchlietworks.[]

O

Constituency: [
M anuf acturersiandisersiaf (agneti clharddi sks, [Sensors, [@ctuators, (i croel ectromechani cal Systemsl(IMEM S), [
bi omedi cal [devi ces, [@ndlihtegratedi crosystems. [
O
Principal[durrentfasks. [
e  Monomolecularffilmsibldontrol ThelSurfacelproperti esiof [devicelhaterials
Designloffhol ecul ar[assembl yfbldontrol thelSurfacelproperti eslof [Material s
ScalingTawslrel atingimimateri al [properti esitheasurementsitblihmmeasurements(l
Accuratelfri ctionleasurementOn(engi neeringlSurfaces]
Testihethodldevel opmentfblmeasureldurability(df [darbonldvercoatsianddubri cantldombinati onldnder [@hi gh[]
speedlimpact(donditionlonimhagneti clhard(disks[]

O

Additional ihformation: O

Small [Scal eldomponentsifail [duelib(fri ction@nd@dhesi on. M urabilitylik@ldhi ef ihdustrial [GoncernforM EM s, [
actuators,[andmicrosystems.[Atthelfano-scal e, [Surfacelforces, (@ ectrostati clforces, [@andTbngiangelfiorcesbecomel]
significantin@dditionfblmechani cal forces.Mano-fricti onlisfheSumiaf [{fri ction(# [@dhesi on[{afuncti onldf [dontact (1
area).[@®vercominglandidontrolling(frictionlat theldanoscal elwil | [énhancelSense-compute-actuatelprocessesiinreal (1
time; [eénabl elnewIdevi ceslthat [fequi reldontact moti onlibldperate; [andprovidelbngiermidurability(driterialfor[Such
devices[

O

Selectedpublications: [

1.1 Scalingssuesihthel easurement [0f IV onol ayer [Films,” [$. M. [Hsu, [P.[IM .M cGuiggan, [1.[Zhang,[Y .Wang, [F.[]
Yin,[lY.[P.[Y eh,[and[R.[3$.[Gates, ihCMicro-Mano-Tribology’ NAT OIA S [Series, [edited By B harat[Bhushan, [
Kluwer [AcademiclPublishers,Metherlands,[p.691-710,[200101

2.[1 FrictionV easurementsof [Wltra-Thin[Carbon[OvercoatsihlAir,” [P.0M .M cGuiggan,[$.M . [Hsu,WV.[Fong, .
Bogy,[@nd[C.[3.Bhatia,[1.00f (Tribology, Mol .[123,[1-6,[2001.00

O

AlignmentWithMSETIGrand[Challenges: [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANDO
XO XO O O O XO O O O XO O

U



M aterialsiScienceland[Engineering(ll abor atoryl]

Electromigration(ihnter connectsl]
0
Projectlleader/contact: [
RobertK eller,[303-497-3853, kel ler@boul der.nist.gov ]
MaterialsiReliabilityDivision,IM SEL,[Boulder

O
Approximatelstaffing: O
O 15[ETEOD

O

FundingSources: ]
O NIST[{100®6)0O

O

Objective: O
Thislproj ecti@ddressesthelechani smslthatdontrol Ireliabilityihichi p-level [ihterconnecti ons. [Specificlactivities[]
i ncludelStudi esiof fime-varyingreliability[degradati onl[phenomena, local i zed(Stressifheasurement, @ndC
understandinglthelrol elof lbcal Mari ati onslihi crostructurelihlél ectromigrati on@ndihermal [Stress-induced
failure.]

O

Constituency: [
0  Semiconductor(électronicsiindustry]
O
Principal [durrentfasks. [
o |nvestigatelnew(reliability-limitinglphenomenalihinanometer-scal elinterconnections’]
o  Developlthelheasurementethodsrequirediblunderstandinldetail theléntireldi stributi on(of i crostructurell

O
Additional lihfor mation: (J
Thelprojectl@ddressesirieliability-controllingrechani smslandthelresul ti ng[properti esiwhi ch, ihifurn, Wil | @l low
construction(of [@ccurateldes gnirhodel slfor [Aew(generati onsiaf i croel ectroni clandoptoel ectroni clstructures. [ThisC
workhaslitentified@new Tail urelthechani smiforthinfimietal li clihterconnectsiihimi croel ectroni cldevices.[Division[]
staff, [ih[doll aborati onii ththellVl ax-Planck- 1 nstitutelfor M etal slResearch, [Ravelidentifi edfhelpresencelof [Surface]
damagelih@ uminumi@lloy@nddopper [interconnectsithatverelstressed By @ppli cationlof [@n[A Clél ectrical [Gurrent.[]
Theldamagelisidonsi stentiwiththatdbservediduebfeati guelinbul kistructural etal s.[Cyclicldef ormati onldf [Such]
i nterconnectsidan(occur[duringfiormal lselandpresentsiapotential ly[Seri ousirieliability hreatfoperformanceldf
devi ceslihcorporatingSoftipol ymericldiel ectricllayers.(]
O
Selectedpublications: [

Keller,[R.R.,M6nig,[R.,Volkert,[C.A.,[Arzt,[E.,[Schwai ger,[R.,[@ndKraft,[O., [ nterconnectFail urelduefb]

Cycliclloading,” ih$tress-1nducedPhenomenalinV etal li zati ons: [SixthIhternati onal (W orkshop,[A merican(]

I nstitutelof [Physi cs, ihipress(2002).00

O

AlignmentiithMISETGrandChallenges. [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANDO
O XO O O O O O O O XO O

O




M aterialsiScienceland[Engineering(ll abor atoryl]

AtomiclFor celAcousticlMicr oscopy[(AFAM)[]
0
Projectlleader/contact: [
DonnalRurley,[303-497-3081, (Hurley @boul der.nist.gov
MaterialsiReliabilityDivision,IM SEL,[Boulder

O
Approximatelstaffing: O
O 1.0FTEO

O

FundingSources: ]
O NIST[{100®6)0O

O
Objective: O

Devel oplih-situ,Mondestructivelmeasurementfechni quesiblprobelfhechani cal [properti esidnthefanoscal .
O

Constituency: [
Microel ectroni cslindustry, anoscal elfhanuf acturers, [dptoel ectroni cslindustry, [fhagneti cliecordinglindustry, O
biomedi cal lihdustry.[]
O
Principal [durrentfasks: [
o Adaptlexperimental [@nd[analysi sliechni quesior improvedtheasurementsl(softer [haterial s, [differentd
cantilevers,[étc.)[]
o  ImprovelSoftwarelfiorFapi d, [quantitativelimagesiand@ppl y folSampl esivithirechani cal [i(hhomogeneity (]
O
Additional lihfor mation: (J
Toldopelithiéver-decreasi ngllengthiscal es,[devel opment(df (fewateri al sitheasurement ool slik(driti cal .[OnelSuch]
needlis@methodfbldeterminelfnechani cal [properti esiwi thiSubmi crometer [fesol uti on. M ethodsifhust [Bel@bl efo]
providelihformati onlihlimagelfiormibBetter inderstandidompl ex[structures, @siivel | [@s[providelquantitati velesul tslonl]
material sibangi ngfromisSoft(fi ssueldr [pol ymersiiblhardimetal sidr(Silicon.[AFAM [ihvol vesiacousti cal ly[drivingthed
atomi clflorcelti croscopy[(A FM)[dantil ever [fblexcitelitsifhechani cal (fesonancesiwhenlitislihidontact Wwith@Sample.[]
AFAM [doul diproveluseful for[Mondestructivel y[@val uati nglfnaterial slor [fiabri catedstructuresivvithvariationsih(
mechani cal [properti esion(thelfianoscal e.[Qualitati velimagesiaf rel ativeldl asti city (havelbeenldbtai ned By reasuringthel
cantilever’ slvibrationl@amplitudelasithelii piwasiScannedlacrossithelSampl elat [@fi xedéxcitati onfrequency. [
Quantitati velAFAM [ihformati onlhasbeen(dbtai ned By @nal yzi nglshiftsihhelfiesonant frequenci es. [Finitelél ement]
model slarelbei ngldevel opedithroughlainiversitycdoll aborati onfblquantify thelA FAM [fesponseldf [Gantil eversiwith
nonuniformishapelandiblprobefheldompl ex(i p-sampl elihteraction.]
O
Selectedpublications: [
D.[C.Murley,[1.035.Wiehn,0.[A.[Turner,@ndP. [3.[Ri ce, IQuantitati vele asti c-propertyinformati oniwi th@cousticl
AFM: [fheasurementsiand(fodeling,” [donferencelproceedi ngsiaf thel$PI E[Symposi umOn DEEnd[Reliability
of Micro-[@andManosystems((117-200M arch[2002,[$anDiego,[CA).O

O

AlignmentithMSETGrandChallenges. [

[l

MATO | ELECO | HEALTHO ENVO | ENERO | SPACEL | BIOSENO| TRANSO | SECURO | METO | MANO
O XO X0 O O O O O O XO O

O



M aterialsiScienceland[Engineering(ll abor atoryl]

M echanical Behavior [of [T hin[Films[]
O
Projectlleader/contact: [
DavelRead,[303-497-3853, [fiead@boul der.nist.gov]
MaterialsiReliabilityDivision,IM SEL,[Boulder

O
Approximatelstaffing: O
O 2.0[FTED

O

FundingSources: ]
O NIST[{100®6)0O

O
Objective: O

Devel oplheasurement fechni queslfor hechani cal Behavi or [6f i cro-[@ndfanoscal elthinfilms.O
O

Constituency: [

O  Semiconductor(électronicslihdustry,rhicroel ectroni cslpackaginglindustry
O

Principal[durrentfasks. [

e  Extend(festfechniquesiromitheirpresentlievel [{1imithick,10Emvide) dbiSmaller [Specimensthat(are]
similar(ih(Si zelibfheldonductiveliraceslisedihdontemporary [V L Sl [{(veryIlargelScal elihtegrati on) [Gircuits
(widths[of 0.1 [dmEoim).0

O
Additional lihfor mation: (J
Thinfilms, Mbi quitouslihicroel ectroni csiandphotoni cs, [@relfiormedBy (@i dellari ety [0f [Advanced(fiabri cation
techniques. T heir i crostructuresiandmechani cal [properti eslareldifferentfromthoseldf thelbul k haterial , [if ihdeed]
thelfhaterial [ctual ly[exi stslihBul kflorm. [T heldeneral [princi pl eslaf [Gonventi onal ihechani cal festinglareldppli cabl effbo]
thinffiIms, ButSpeci al [équi pment@ndfechni quesiarerequi red. [Furthermore, Thiorder Totili zelSophi sticated ]
mechani cal [desi gnlapproachesifor mewrhi cro-[@ndnanoscal elstructuresiandldevi ces, heasurement fechni ques
suitabl elfior thelateri al sithat fakelproper [@ccount(df [thei r[Si zel@andldonnecti vity fbheldverall [Structures, [@reneeded.]
ThislyearvelSuccessful lyl@ppliedthelfechni quelibmeasurefivonew Ty peslof haterial s: [@l umi numlihterconnect layersC]
madelih@idommercial [CM OSl{complementarytetal [dxidelsilicon) fabri cationfacility, [Obtai nedthroughithel1 OSI S[
service,[@ndipolycrystallinelsiliconfhade@t[$andialational (L aboratories.[]
O
Selectedpublications: [
Read,[D.T.,[Cheng,Y .-W.,[Kéller,[R.R.,@ndMcCol skey,1.D.,[Tensi | elProperti esldf [Free-Standi nglAluminum(]
ThinFilms,” [Scriptal ater.[45,[383[(2001).00

O

AlignmentiithMISETGrandChallenges. [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO | BIOSENO| TRANSO | SECURO | METO | MANDO
O XO O O O O O O O XO O

O



M aterialsiScienceland[Engineering(ll abor atoryl]

PackagingReliability[]
O
Projectlleader/contact: [
Andrew(Slifka,[303-497-3744, 8l ifka@boul der.nist.gov ]
MaterialsiReliabilityDivision,IM SEL,[Boulder

O
Approximatelstaffing: O
O 1.9ETEO

O

FundingSources: ]
O NIST[{100®6)0O

O

Objective: O
Devel oplhethodsibléxaminelaterial siandlihterfacesliniél ectroni clpackagi nglandel uci dateldamagel]
mechanisms.[]

O

Constituency: [
O  Microelectronicslpackaginglihdustry
O
Principal [durrentfasks. [
e  Measurelmhechanical [Strai nihBdvancedpackaginglstructureslandiémbedded(passi velhaterial siising
€lectron-beam(rhoiré.C]
e  Measurelheatfl owlandthermal [properti esidnlincreasinglySmall er(SizelScal eslusi nglthermal lihfrared@nd]
atomi clflorcelmi croscopy [(JA FM)-nanoprobeli croscopy. ]
O
Additional lihfor mation: (J
I ncreased(packagi ngldensiti eslihfheli croel ectroni csiandldther [Manotechnol ogy-rel atedihdustriesidanliead o]
i ncreasedfthermomechani cal il ures. [T helfecessary heasurementfhethods(for thermal fransportfhroughpackagel
structuresiandfior [interfaci al [Strai n[@nd(riesul ting(fai | ureldnheanoscal elarebei ngldevel oped inthi siproj ect. Minthe
shortierm,ihdustryiwill Belprovidediwi thidesi gniverificationlteasurementsiandihhelbongfermii thifneasurement ]
systems.[]
O
Selectedpublications: [
Drexler,[E.S.,[IPlasti c[$trainih(T hermal ly[Cycl edHli p-ChipPBGA [$older[Bump,” TEEE[Trans.[Adv.[]
Packaging(23,[846{2000).01

O

AlignmentiithMISETIGrandChallenges. [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANDO
O XO O O O O O O O XO O

l




M aterialsiScienceland[Engineering(ll abor atoryl]

Brillouinlight[Scatteringfor [ThinEFilmAnalysis]
0
Projectleader/contact: [
Ward[Johnson, [303-497-5805, \j ochnson@boul der.nist.gov
MaterialsiReliabilityDivision,IM SEL,[Boulder

O
Approximatelstaffing: O
O O.8FTEO

O

Funding(Sources:
O NIST[100®=0)O
O
Objective: O
Devel opland@pply hethodsfor [fheasuringtheldynami clél asti clandhagneti clproperti eslof hi nifil msat [gi gahertz
frequenci esiwi thimi cron-scal elfiesol uti on(Iateral esol uti on, [énabli ngtheldetermi nati on(of [ asti clandldynamic
magneticlproperti eslof [fil mslasthi n@safewfianometers.]
O
Constituency: [
M agneti clriecording,[@ptoel ectronics, [@nd(ri croel ectronicslindustries.[]

O
Principal [durrentfasks. [

e  ConstructtheBrillouinight(Scattering@pparatus.[]
O
Additional ihformation: O
Brillouin(light[Scatteri ngliklafechni quelfblcharacteri zelbothiphonons@ndimagnonslihthin-filmimhaterial s.[Becauseldf (1
thisldual [dapability,lit[danprovideltini quelihformati onfonldynami cihagnetoacousti cldoupling, ivhi chlik(driti cal fothe[]
performancelof hagneti clfiecordingldevi ces. [T helSensitivity folmi d-gi gahertzhodes, [dombi nedWwiththefactthat (1
|ateral [excitationl@reasiarellimited(only By thelaser [Spot(si ze, ([providesSpatial [fesol uti onslihat [@reldnmatched By [
conventional iltrasoni cliethods@ndpresentsidiumerousipossi biliti esflor measurementsirel atingfothelperformance’]
andIreliability[df [0ptoel ectroni cland(mi croel ectroniclihin-filmidevi ces. [T helhi ghlfrequenciesiénabl elthe]
characterizati on[of [Spati al Wari ati onslaf [properti esiwi thi n[athi nfil m@nd, [thus, [daniprovidelihformati onlrel ating o]
adhesi on, [hechani cal [Surfaceldamage, [@nd(chemi cal [Surfaceldontami nati on. [T helshort wavel engths(al solpresent the]
possi bility[af [Obtai ni ngldetail edihf ormati onl@niperformance-limitinglihteracti onsiwi thi n(patternedthin-filmO
structures,[Suchlasimagneti clandquantumidots. [

O

AlignmentwithMSETGrand[Challenges: [

O

MATO | ELECO| HEALTHLO ENVO| ENERO| SPACEO| BIOSENO| TRANSO | SECURO | METO | MANO
O XO O O O O O O O XO O

U




M aterialsiScienceland[Engineering(ll abor atoryl]

M echanical [Pr oper tieslof [T hin[Filmsdsing[A cousticWVaves]
0
Projectlleader/contact: [
VinodTewary,303-497-5753, fewary@boul der.nist.govll
MaterialsiReliabilityDivision,IM SEL,[Boulder

O
Approximatelstaffing: O
O 15[ETEOD

O

FundingSources: ]
O NIST[{100®6)0O

O

Objective: O
Devel opl@nd@pply(theoretical [Bndexperimental [Acousti cihethodsibldetermi nelfhelél asti clproperti esiof [
advanced(anisotropiclthaterials.[]

O

Constituency: [
Semiconductor[é ectroni cslihdustry, Wear [@ndhardnessidoati ngfhanufacturers, [@dvancedaterial s
manufacturers]
O
Principal [durrentfasks. [
o Applylmethodsiohewlhaterial [Systems((e.g., [l tra-low-kIdiel ectrics,[danocomposites). [
o  CompletelélastodynamiclGreen’ sifuncti oniodel fior fvo(thi ni@ni sotropi cfil mslon@Semi conductorSinglel]
crystal [Substrate.[A pplyiblSurfaceldcousti civavel[SAW) heasurement foObtai nfi Imiproperties.(]
o Calculatelelastostati cland(letti ce-stati clGreen’ slfunctions, ihcluding(Stressesand(gtrai nsfromlalstati clpoint[]
load(dr multiscal elthodeli nglof [poi nt[defectslih(fil msiar [fil m-substratelinterfaces.
e  Participatelih@nlihternati onal [Gompari sonbetween[SAW @ndlihstrumentedlindentati onffesting{l 1 T) [data.[]
O
Additional lihfor mation: (J
Acousti ciwavelpropagati onlis@powerful [fool for Aondestructivel y[Gharacteri zi nglthi nifil mscriti cal fbSuchC
appli cations(as(Solid-stateldevi ces, [Rardnessidoati ngs, [Or [diffusi onBarriers.(WViththi sihethod, informati onl@bout ]
propertiesllikelY oung’ sihodul usidaniBeldbtai nedOn@s-deposi ted fil mstbprovidelprocessiinformationldr
performancelfleedback.[Theléxperimental [ApproachliksbasedOnthelopti cal [denerati onl@ndldetecti onlaf i gh-
frequency(Surfacel@cousti chvaves. [A [Reydomponent(isitheldevel opment[df [@nal yti cal [fhodel shaseddnthel]
€elastodynami c[Green’ sifuncti onsliblfhodel thelpropagati onlaf thelavesiihl@nisotropi clfil ms.[T hisiproj ect@ solhasian]
extensi veldutreachléff ort[ihiwhi chithelfhodel siareladelavail abl elfhrough@vebh-basedproj ectihvol vingléducation
institutionsi@ndlihdustrial [modelinglaboratories.(]
O
Selectedpublications: [
1.0V.[K.Oewary,[El asti chivavelpropagati onlih[an(@ni sotropi clfil mldn[an(ani sotropi clSubstrate: [Theory@nd
appli cationfb(fitani umbitri deffilmson(Single-crystal [Silicon,” [Submittedibll. (A coust.[$oc.[Am.[(2001).00
2.0D.[C.[Hurley,V.[K.Tewary,@ndA.L1.[Ri chards, [ Surf acelacousti civavehethodsoldetermi nelthel@ni sotropicl]
el asti clpropertieslof thinfilms,” M eas.[$ci.[Technol .[12,[1486[(2001).00
3.[J.[R.Berger@ndV.[K.[Tewary,[Green’ sfunctionsflor Boundary el ement[@nal ysi s[af [@ni sotropi cBimaterial s,” [
EngineeringlAnalysi sivithiBoundaryElements25,[279((2001).01

0

AlignmentithMISET(Grand[Challenges: [

[l

MATO | ELECO | HEALTHO ENVO | ENERO| SPACED | BIOSENO | TRANSO | SECURO | METO | MANO
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M aterialsiScienceland[Engineering(ll abor atoryl]

Char acterization[df [Por ousll ow-k [DielectriclConstant[T hin[Films[]
0
Projectleader/contact: [
0  Barryl.[Bauer,[301-975-6849,Darry.bauer @nist.gov
O  PolymersDivision,MSEL,[Gaithersburg

O
Approximatelstaffing: O
O 3.3[ETEOD

O

Funding(Sources:
O  NIST{(64[6),0ther[36Q6) 0

O

Objective: O
Toldevel op@lab-basedmetrol ogy for teasuri ngthi nfi | miporelsi zeldi stributi ons. [Providelstructure@nd]
propertylihformation{composition,(porosity,[doefficient[of Thermal [8xpansion=IC T E, [Averagelporelsi ze,
moi sturelliptake, [poreldonnectivity) [0f HanoporousIow-kEhi nfil msibinternati onal [Sematech, (material
suppliersiandiother i croel ectroni cldompanies.[

O

Constituency: [
O  Semiconductor(électronicslindustry,fianoscal eifanufacturers]
O
Principal[durrentfasks. [
e  Characterization(of [@urrentihdustrially(rel evanthaterial sSisubmitted By International SEMATECH[
¢  Developing@dvancedmeasurementfnethods(for iorelfhoroughl@ndlaccuratelfil midharacteri zation
O
Additional lihfor mation: (J
Thelthethodol ogy/itilizinglSeveral [dompl ementaryléxperi mental [fechni quesibimeasureltheldveragelporelandmatrix
morphol ogy (hasBeenléxpandediblihcl udelporelsi zeldi stributi ons. N ewhethodshavebeenidevel opediblfheasurel]
porel@ndimatrixhorphol ogy(ih(fil mshavingidompl exStructuresiwithi@nymorphol ogi cal fype.[
O
Selectedpublications: [
“Properti eslof [Manoporouslsili calthi nffil msldeterminedByhi gh-resol utionX-ray refl ectivity [@ndismal | -angl e
neutron(Scattering” (W.[ML.Wu, W.[E.(Wallace,[E.[K.[Lin,[G.(W. Lynn,[C.[1.[Glinka, [E.[T.[Ryan@ndH.M.[Ho,O
J.[Appl.[Phys.,[87,[1193[(2000).0

O

AlignmentWwithMNSETGrand[Challenges: [

O

MATO | ELECO| HEALTHLO ENVO| ENERO| SPACEO| BIOSENO| TRANSO | SECURO | METO | MANO
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O




M aterialsiScienceland[Engineering(ll abor atoryl]

Fluor escent[Sub-Micron[Probel oleculesiwith[Star likelAr chitectur el
0
Projectlleader/contact: [
0  Barryl.[Bauer,[301-975-6849,Darry.bauer @nist.gov
O  PolymersDivision,MSEL,[Gaithersburg

O
Approximatelstaffing: O
O 1.0FTEO

O

FundingSources: ]
O NIST[{100®6)0O

O

Objective: O
Toldevel optfl uorescentpol ymeri cltharkersifior iselasprobesiaf [Sub-mi cronfieaturesliinithembranes, [pol ymer
blends,[@ndBiomaterials.(]

O

Constituency: [
O  Biomaterialsihdustry,polymerprocessinglindustry]
O
Principal[durrentfasks: [

e  Testing(fluorescent(Star [pol ymerslas[probes]

o  Developing@Seriesiaf fluorescent(starsiwithiwel | -defined S zesiandlihdependent@mi ssionlSpectrall

e  ObservingtheBehaviorof [thelStarslihlimmiscibl elpol ymer Bl endslisi ngladvanced(opti cal i croscopy ]

techniques]
o  DeterminelWhether thelstarsimigratelfolphaseboundari estblhel pléxplai nthow highlyranchedpol ymers(]
affectfhelproperti eslof [immiscibleblends.]
O
Additional lihfor mation: (J
FluorescentSub-micronlprobelol ecul eslarelfieeded(ibldharacteri zelStructuresiandiransportpropertieslof [
membranes,[pol ymer bl ends,@ndbiomaterial s.[Anlideal [fluorescentprobeiivoul diéxhibitfnonodi sperselsize, Wersatil el
solubility, ighlLimi nescence, ithi nimal [photobl eachi ng, [@nd(stability inder [Gonditi onslof Maryingfemperature, [
solvent, [@nd(pH. T akenlfogether,fheseldriteri alarelfiather [demandi ng, takingtheldevel opmentof (hodel [probesiar]
challenge.r]
O
Selectedpublications: [
Hedden, [R.;[Amis,[E.J.;[Gréhn, [F; Bauer,B.J;"INovel [Fl uorescent[Probe' W ol ecul es: [ endrimer-Star [Pol ymers[]
Contai ning[CadmiumSul fideanoparticles",[SubmittedfbMacromol ecul es.(]

O

AlignmentithMSETGrandChallenges. [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO | BIOSENO| TRANSO | SECURO | METO | MANDO
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l



M aterialsiScienceland[Engineering(ll abor atoryl]

Fundamental [Studieslfor fheDevel opment[df [Photor esistslflor Mlext-gener ation
Photolithography: T hinFilmIChainConfor mation@ndPolymer [Dynamicsl]
0
Projectlleader/contact: [
0  FEricllin,[301-975-6743,[éric.lin@nist.gov]
O  PolymersiDivision,MSEL,[Gaithersburg

O
Approximatelstaffing:
0 6.4[FTEO

O

Funding(Sources: J
0  NIST(60%),@ther[Agencies30&6), [Other [(10%)

O

Objective: O
Establish@newethodol ogy fblheasurelquantitativel yli nelédgeland(si dewal | [foughness(of T thographi callyd
produced(patternsiwi th[deeplSub-micrometer [featurelsi zes.Mevel oplandlapply i ghlSpati al (desol utiond
measurementsbldbtai n[uni queldatalfeededblénabl elfheldevel opment [0f [hext-generati onphotoresi sts. [
Determinelrel ativeldontribution(of hateri al [and(ihterfaci al Bactorslih(photoresi stiand(@nti-refl ectiveldoatingd
formulationsian(profileldontrol, [@ritical [dimension,@ndroughness.O

O

Constituency:
0  Semiconductor(él ectronicslihdustry(@ndinanoscal elhanufacturers(]
O
Principal[durrentfasks. [

e  Small-anglelfieutroniScattering[{ISANS) easurementslof [¢hai nidonformati onldf hodel [photoresi stipolymers[
Benchmark[$SAN Sithetrol ogy(df [driti cal [di mensi onlandfoughnessiof [patterned(structures]
| dentifyldontributi ngfactorsiblphotoresi stiperformanceldnbottomianti-refl ectiveldoatings{BARCs) (I
Compl etelheasurement(af [deprotecti onlreacti oniwith(Standi ngiwaveléxposure[]
Determinelfieasi bility[6f hodul usiheasurement [0f [patterned(structures’]

O
Additional lihfor mation: (J
Photolithographyremainsltheldrivingfechnol ogyihithelSemiconductor ihdustry fbfabri catelihtegrated(dircui tsivith

ever(decreasi nglfeaturelsi zes. [T oday, host(fiabri cati onfacil i ti esiiselchemi cal ly-amplified[(ICA ) [photoresi sts, [Gomplex
andhi ghly funedformul ati onslof [@pol ymer [fi | milbaded Wi th(photoaci digenerator si(PA Gs) [@nd[other [@dditives. Wpon(]
exposurelof fhelphotoresi stifil mithroughlaimask, thelPA Grel easesidci di clprotons. [A [post-exposurebakelisthen]

applied@ndthelaci diprotonsidiffuseldndidatal yzelaldeprotecti onreacti onlonthelpol ymer fhat @l terslitsiSol ubility Th@n]

aqueouslbaseldevel oper(Sol ution. T heselreacti veland(diffusi velprocessesimustbelinderstood@ndidontrol | ed(@t thell
nanometer [length(Scal elfbleffectivel yfiabri catelintegrated(@ircuits.[]
O
Selectedpublications: [
Wu,W.L.,Min,[E.K.,@Min,[Q.H.,[Angel opoul os,[M.[1Smal | A ngl el eutron(Scatteri ngV easurementsof (1
Nanoscal elllithographiclFeatures,” [J.[Appl.[Phys.[88,[7298([(2000).0

O

AlignmentWwithMNSETIGrand[Challenges: [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANDO
XO XO O O O O O O O XO XO

O




M aterialsiScienceland[Engineering(ll abor atoryl]

Combinatorial M ethods{flor [Polymer NanocompositelFFilmPr operties]
0
Projectleader/contact: (]
O  AlamgirKarim,[301-975-6588,@ amgir.karim@nist.gov]
O  PolymersDivision,MSEL,[Gaithersburg

O
Approximatelgtaffing:
0 1.2[BTEOC

O

Funding(Sources: J
0  NIST{70%%),®ther[Agency((30%6) ]

0

Objective: O
Devel opldombinatorial fechni queslib(fiabri cateldandcharacteri zelphasebehavior [0f [anocomposi telpol ymer
blendfilms.C]
Devel opldombinatorial [hethodstoimeasurebarrier [propertieslof [Banocompositelpol ymer films. [

0

Constituency:
Automotivelihdustry,Banoscal elSensorslandihstrumentation, [@anocompositeldompounders]
O
Principal [@urrentiasks: [
o PhaselBehaviorldetermination(
e Morphologymhapping(]
o GasandiaporDarrierproperti esifheasurements’]
O
Additional lihformation: (J
Polymer [thateri al siareldftenimi xed Wi thlihorgani citateri al siihfhebul kfblénhancelproperti eslincl udingfhechanical ,
electrical,thermal,[@nd(physi cal . [Buchlproperty [énhancementsiarelihducedifiot [6nl y By Thelphysi cal [presenceldf thell
fillerBut@ solsignificantlyByfhelihteracti onlof thelpol ymer Wi thithelfill er Wi ald teri ngthellbcal [properti esliof the
polymertaterial.Inthi sifegard, ecently Tayered(sili catelfanocomposi testhavelbeenshownibbeléffectivelin[
modi fyingthelpol ymerproperti esidueliblthei r (i ghSurfacel@realdf ([GontactBetweenthelpol ymer [@ndthelhighlaspect [
rati oldanoparti cle.[Potenti al (property[@nhancementsishoul d@l soldccur [ihipol ymer [hianocomposi telthi nifil msiduelibl]
nanoparti clelorientati onfromfil midonfinement&ffects.Welihvesti gateltheleffect(df TayeredISili catelianoparti cleslon]
thelphaselBehavi or[df [@ldl assi c[pol ymer Bl end Sy stem(usi ngthi ghthroughputdombi natori al thethods. W ethodslto
combinatoriallyfheasureldxygenl@ndiwater Mapor [Darrier [properti esi@reldl sobei ngldevel oped. [T
O
Selectedpublications: [
1.0OA.Karim*,[K.Y urekli,[C.M eredith, [@nd[E.J.[Amis,[Combinatorial M ethods{for [Pol ymer M aterial siScience: [
PhaselB ehavi or [6f anocomposi telBlendHilms", [Pol ymer [Engi neering I8 [Science, InPress.[]
2.[V.[Ferreiro,[G.[Schmidt, [C.C.[Han,[A. Karim*,[Dispersion@nd M ucl eati ngEffectsiof [Tlay (Fil lersihC
NanocompositelPolymerFilms’,[AmericanChemical [Soci ety, [Symp.[Proc.,[V ol (804,[2001.00
3.0K.A.Barnes,[A.Karim*,[J.F.[Douglas,[A.l.MNakatani,[H.[Gruel l,[E.J.[Ami s, [Suppressi onldf (D ewettinglihCl
Nanoparticle-FilledPolymer[Films’ ,Macromol ecul es,[33,[4177[(2000). [T

O

AlignmentWwithMNSETIGrand[Challenges: [

O
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M aterialsiScienceland[Engineering(ll abor atoryl]

Polymer Nanocomposites’]
t
Projectlleader/contact: [
0  Dr.[ErikHobbie,[301-975-6774,[erik.hobbie@nist.gov(]
O  PolymersiDivision,MSEL,[Gaithersburg

O
Approximatelstaffing:
0 5.1FTEO

O

Funding(Sources: J
0  NIST{1000)0

O

Objective:O
Devel opldharacterizati onlhethods, [incl udi nglhi crostructurelfneasurementsiandimhodel ing(ibol s, fb[donnectthed
structurelandalignment(df [fanocompositesidonsi stinglaf [pol ymersiandifianofil lersiwiththelprocessing]
conditions,@ndrel atelthi siti crostructurefoBul khechani cal [and(diel ectriclproperties.O]

O

Constituency: [
O  Automotivelpartsihdustry,polyol efinlhaterial siproducers, [@anocompositesihdustry ]
O
Principal [durrentfasks: [
e  Quantifyldispersion,@ignment,@ndstructurelialSmall [@ngl elScatteri ngl@and(el ectronirhicroscopy ]
o  Establishian-lineetrol ogyforBul kdiel ectriclandmechani cal [heasurements(]
o  Establishidtheoretical [andémpirical [quantitati velli nkBetweenlfiano-structurel@ndbul k[properti esithatpointsC]
toward(efficientih-linefbul K" [heasurements[of (ano-structure.[]
o  Establishifhethods[for el atingltheldonditi onsiheasurediandidontroll edlduringlfhaterial [processinglibihel
final (propertiesiaf [interest[for [Manocomposites.[]
O
Additional ihformation: O
I norgani clfillersifrequently(@relisediblénhancelpol ymer [properti es. N ew(@ttri butesihay belachi eved with(]
nanoparti cul atesiprovi ded(that fheltnderlyinglsciencelisdevel oped.[Polymer [danocompositesiarelimportantinmany [
diverselindustrial [processes. [Potential [appli cationsiderivedfrom(Synergi sticlbehaviorsi@ndhybridipropertieslof (1
polymer-nanoparti cleldompositesiihcl udeldatalstoragel@ndldpti cal [and(el ectro-rheol ogi cal [materi al sfior [di splay (]
devices.d
O
Selectedpublications: [
1.0M.M.McBrearty,[A.[1.Bur,[3.C.[Roth, TV ariation[of [El ectri cal [Properti esiwith[Exfol i ation[Conditionih
Nanocomposites’ [ANTEC2002(]
2.0G.[Schmidt,[A. 0. MNakatani,[P.[D.Butl er,[@nd[C.[C.Han, [IShear [Orientati on(af [V iscoel asti clPol ymer-Clay
Sol utions[ProbedBy[F owBirefringenceland[SANS’ ,Macromol ecul es, [33,[7219{2000). 1T
3.0C.[C.[Han,[G.[Schmidt,[A. .M akatani,ABnd[P.[Butl er,[A [Smal | [A ngl el eutron[Scatteri ng[(Study [OnFPol ymer [
Clay[3olutions’ ,[ACSPMSE, 85,219, [Chicago, [$ept.[[2001).00

O
AlignmentWithMSETGrand[Challenges: [
O
MATO | ELECO| HEALTHLO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANO
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U
U



M aterialsiScienceland[Engineering(ll abor atoryl]

Giant[M agnetor esistancelM aterial s
0
Projectleader/contact: [
O  William(F.[Egel hoff,[r.,[301-975-[2542, Wil liam.egel hoff @nist.gov]
0  Metalurgyivision,MSEL,[Gaithersburg]

O
Approximatelstaffing: O
O 5.0FTEO

O

Funding(Sources:
O  NIST(88%),MtherlAgenciesi(12%o)]

O

Objective: O
Synthesi zel@and(characteri zelnewhagnetoresi stivelateri al siand(structuresiof [feduceddi mensional ity fhrough
thelpreci seldontrol [provided By &l ectrochemical [And(physi cal Mapor [deposition.[

O

Constituency: [
Thelultrahighldensitydatalstoragelihdustry, Mvhi chideedslimprovedmagnetoresi stivelaterial sifor [Uselihlhard-
di skldriveslandlihifhagnetoresi stivelfandomlaccessinemorychi psi{l BM, M otorol a, [Honeywel |, [Seagate, (1
Maxtor,étc.) ]
O
Principal [durrentfasks. [
e  Optimizingthefabrication(of [gianthagnetoresi stivel(GM R) hateri al Siandthagnetoresi stiveldanocontacts.[]
O
Additional ihformation: O
GM RImaterial slarelal readyWidel y[dsedlinldomputer (hard-di sk(drives,[@ndémerginglfharketsiihcludelfionvol atile[]
memory[chi ps, [agneti c{fiel dSensors,[and[dl trahi ghlSpeediikol ators. [However, [dontinuedprogressirequi reslimproved
magnetoresi stivelhateri al s. (W elhiel pltheseldompani esTearnfiowfoproducelimprovedGM Rimaterial s, [@andwel@re]
investigatingliovel [dvanced(donceptsihihagnetoresi stivelfianocontactsthat aySomeday[fiepl ace[GM Rimaterial s.(0
Ourworkprovidesil.S.[dompaniesiwithigi gnificant[@ompetiti velhel pByihvesti gatinglthelsciencelinderlyingthel
manufacturinglprocess.[Advanceslih(thelfiel difhay hakelpossi bl elnew(denerati onsidf [Small, [lugged, ihexpensive]
magneti c[Sensorsifor @i delriangeldf [@ppli cationslasidiverselasipositi on[Sensi nglih[automatedmanuf acturing@nd
magneto-encephl ography.[Aslalfesult, Wi thi n[aflewyearsiwelarellikel yfbbelsurroundedlinldur(dail y T vesby ]
productsithathakellseldf newhagnetoresi stivelhaterial s.[]
O
Selectedpublications: [0
" Oxygen@siasurfactantinthelGrowthlaf [GM R[SpinV aves," WV . [F.[Egel hoff,[r.,[P.[1.[Chen, [T.[1. Powel |, .00
D.[Stiles,[R.ID.McMichael,[J.H.[dudy,K.[Takano,andTA.[E.Berkowitz, [1.[Appl . [Phys.,[82,[6142[(1997) ]

O

AlignmentWwithMNSETGrand[Challenges: [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANDO
XO XO O O O O O O O XO XO




M aterialsiScienceland[Engineering(ll abor atoryl]

[M agneticlPr opertieslof Nanostructur edM aterial sC]
t
Projectlleader/contact: (]
0  RobertD.[Shull,[301-975-6035, obert.shull @ni st.gov
0  Metalurgyivision,MSEL ,[Gaithersburg(]

O
Approximatelgtaffing:
0 2.0FTEO

O

Funding(Sources: J
O  NIST{(75%),DOther[Agenciesl(?5%) ]

0

Objective: O
Thisproj ect(is(directedfowardunderstandi ngthelthagneti clcharacter [6f haterial Sipossessi nglSomeldritical
dimensi onlatfheldanometer Tevel . [

0

Constituency:
M agneti cldatalfiecordinglihdustry, Eheft(@ontrol [andheal thiindustri es, [tefrigerati onihdustry, @ndfemotel y-
controllediSmart-material siihdustry.[

O
Principal[durrentfasks. [
e Tolmeasurelfhelagnetocal oricleffectsiihldysprosi um-@ndhol mium-substi tutedifnagneti clgarnet
nanocomposi tesidontai ningFe, [Co,@ndmMi ]
o  Tolmeasurelthelagneticlproperti esiaf [different[dompositionCqy/ FelandCTqo/Ni thinfilms.[]
o Tolmheasurelfhelagneti cldharacteristi cslof Nanometer-sized[Fe-, i -, [And[Co-[éncapsul atedparti cl esih(l
polyamidoamine{IPAMAM)[dendrimerhosts,[émbeddedih@pol ystyrenelfnatrix.]
e Tolmeasureltheldomposition@nd(dil utionldependenceldf hagneti clhanoparticl eslihldarboxyliclacid, Wwater, ]
and(d@ kylnaphthalene.(]
O
Additional ihformation: O
M agneti cldianocomposi tesipossessidharacteristicllengthlscal esldomparabl elfo(driti cal hagneti cllengths, [@ndthereforel]
may Belexpectediblpossessimuchidifferentmagneti cléharacter fhandonventional Targe-lengthiscal elhaterial s.[
I mprovementslih(efficiency,hagneti cldapabiliti es,[@ndlproperty[dombinationslareléxpected. [Iniorder forihdustry o]
utilizeltheselaterial slihithagneti clfecording, [dooling, [drugldelivery,[@nd[nano-el ectro-mechani cal [Systems(INEM S), [
their[character [eedsibBelunderstood. TiVelhave15iearsiof [eéxperti selihfhelarealdf [Mhagneti cihanocomposites.[]
O
Selectedpublications: [
1.0 Formati onlof Manomagneti c[T hin[FilmsbyDispersedFul lerenes,” [IL.A.[Zheng,[B.M.Mairson,[E.V.Barrera,[]
and(R.D.[Shull,[Appl.[Physicsllletter s[77,M0.[20,[3242((2000).1
2.[1"Magnetocal ori clEffect(df [FerromagneticlParticles," [R.D.[Shull, TEEETrans.[0nViagneticsi29,Mo.[6,[26 140

(1993).0
O
AlignmentWwithMNSETGrand[Challenges: [
O
MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANDO
XO XO XO O XO O O O O XO O
O




M aterialsiScienceland[Engineering(ll abor atoryl]

M agneticlDomain¥ otionlihManostructuredM aterial s
0
Projectleader/contact: [
0  RobertD.S$hull,[301-975-6035, Fobert.shull @nist.gov
0  Metalurgyivision,MSEL,[Gaithersburg]

O
Approximatelstaffing: O
O 225FTEC

O

FundingSources: [
O  NIST[{100%)0

O

Objective: O
Toldemonstratelthelltility[6f @nlihexpensi velthagneto-opti cal ool for [Bbservinghagneti cldomains,@ndtheir O
dynamics,[ihifanostructuredmateri al sihlorder fbldetermi nelfthelechani smiwhereby@faterial (feverseslitsC
magnetizationiVector pontheldppli cationlof [@lfeversediéxternal hagneti clfi el d. [Suchlihformati onlikdrucial o]
understandingtheltaterial’ sithagneti cliysteresi slibop, [@propertyfhat(Gontrol si@ppli cationlof theltaterial . (]

O

Constituency: [
M agneti clriecordinglihdustry, [fhagneti clSensor[dompani es, [permanent hagnet [fanufacturersC]

O
Principal [durrentfasks. [
e  Observation(of fhelfemagneti zationlih[@nFeM n/NiFelantiferromagnet/ferromagnet[@xchange-bi aseddoupl el
ac-demagneti zed(@t(hi ghlfemperaturelin(order folobserveldomai niéffectslinthelantiferromagnet.(]
o  Observationldf thelflemagneti zati onlthechani smiih[@SmCo/ Felhard/softflerromagnet@oupl eliniorder o]
verifylaldoherent(rotationimodel [proposedd0yearsiago, But@siyetnverified.Ol
o  Observationldf theleffectsiaf [pinhol eslihthelnanometer-thi ck[Rullbyer [Separati ngfivo Vi Felferromagneticl]
layers,[@lmulti player [StructurelfiowBei nglproposedBy 1B M {or thelnext[denerati onecordinglthedia.[]
O
Additional Infor mation: O
Observationlaf theldynami cslaf hagneti cldomai nslisvery(diffi cul t, [@ndfewechni quesall owlonelfbldolit. [Theld
M agneto-Opti cal (Indi cator [Film{IM Ol F) [fechni queliklanlihexpensi velfhethod for [Studyi ngldomai nidynami cslthat as(]
devel opedby fesearchersifromthelRRussi an[A cademy [0f [$ci encesiand | ST [t ishwvel | [Suitedfor linvesti gatingthe[
newlfanostructuredmagneti cihaterial slbei ngldevel oped(fior [Aumerousiappli cations, ihcl udingmagneti clfecording]
medialand[Sensors. [

O
SelectedPublications: [

1.01* SpinSpringBehavior ihExchangelCoupl ed[Soft@ndHigh-Coercivity[HardFerromagnets,” [R.D. [Shull,[A.J.00
Shapiro,V.S.[Gornakov,[V.1.Nikitenko,[J.[3.[Jiang, . K aper, [G. [ eaf,[@nd[$.D.[Bader, MTEEE[T ransactionson(]
Magnetics37,No.4,[2576[(2001).01

2.[0MAni sotropy-Dependent W acroscopi cllDomai n[HtructurelinWWedged-Permal loy/Uniform-FeMn(Bil ayers,” Kai (I
Liu,[$.M.[Zhou,[C.L.[Chien,[V.l.MNikitenko,[V.S.[Gornakov,[A .J.[Shapiro,@ndR.D.[Shull,[1.[Appl.[Phys.[8701
(9),[8052((2000).0

AlignmentWithNSETGrand[Challenges: [

g
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M aterialsiScienceland[Engineering(ll abor atoryl]

Nanoscal elM agnetic[SRM sland[Char acterization[T echniques(]
O
Projectleader/contact: [
e RobertD.[Shull,[301-975-6035, Mobert.shull @nist.gov
MetallurgyDivision,[M SEL ,[Gaithersburg(]
¢ David[P.[Pappas,[303-497-3374,[pappas@boul der.nist.gov]
M agnetic[Technol ogyDivision,[EEEL ,[Boulder(]
O
Approximatelstaffing: O
2.0FTEO
O
FundingSources: [
O  NIST[{100%)0
O
Objective: O
Thislprojectlinvol vesifheasurement@nd(dharacteri zati onlof Nanoscal elfhagneti clateri al s. [T his@Activitylihcludes]
thelpreparati on(of [Standardreferencelaterial s, wherel@ppropri ate, [ihldrder fblaccel eratelfheldevel opment@ndC
appli cationlof thisldl assldof [Advancedifhaterial s.[]
O
Constituency: [
M agneti clrecordinglihdustry,[fhagneti clSensor[dompani es, [permanent hagnettanuf acturers, [hagneticl]
measuringléqui pmentanufacturers’]

O
Principal [durrentfasks. [

o |nvestigatingfleasi bility(af mhaking@thi n(filmirhagneticlstandard.(]

o  Evaluationldf @thinfil mSuperconductingldoil hagneti clinductancelstandard.(

o  Measurement(of (fhagneticlaftereffect@nd(i meldependencelinanoparti cul atelFeldnfapeiagneti cliecording ]

media.[]

e  Preisachlfhodelinglof [Rysteresi slibopsiaf anoparti cul atelrecordingfnedia. [
O
Additional Thformation: O
M agneti citateri al siarelwi del ylisedihfransformers, itotors, [@ndlrecordingldevices.[T hisigrouplhas15yearsiaf (1
expertiselinthelfheasurement@nd(characteri zati onlof Nanoscal elfhagneti clmateri al s, [@ndhasidevel oped@nd
constructedi@mnovel hagnetometer [iblmeasurel@raterial’ s[1A bsol utellV agneti c oment.” Th@addition, hisigrouphas]
anleéxpertiselihldorrel atingaterial [Structure@ndproperties. Il

O

SelectedPublications: [
“ A bsol utellM agneti cM oment M easurementsiaf i ckel (Spheres,” [R.D.[Shull,[R.D.MMcMichael ,IL.J.00
Swartzendruber,@nd($.D. M eigh,[J.[Appl . [Phys.[87,N0.[9,[5992[(2000).

O

AlignmentWwithMSETGrand[Challenges: [

O
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M aterialsiScienceland[Engineering(ll abor atoryl]

M agneticDynamics@ndM icromagneticsiof [ThinEFilmO
0
Projectlleader/contact: [
0  Robertd.McMichael,[301-975-5121, obert. mcmichael @nist.gov
0  Metalurgyivision,MSEL,[Gaithersburg]

O
Approximatelstaffing: O
O 2.0[FTED

O

FundingSources: ]
O  NISTI1O00m®6)O

O

Objective: O
Tolprovidehodel slof [fagneti zati onldampi ng, [dynami ciheasurementtethods, hateri al sidata, [And ]
micromagneti cifhodelinglfbol siandbenchmarks

O

Constituency: [
0  Magneticldatalstoragelindustry
O
Principal [durrentfasks: [
ol Tolidentify@ndidescribelthelphysi cal [fhechani smsithatldovernifnagneti zationdampi ngl@ndibldevel opiway sl
tolheasureland(dontrol them.[]
O
Additional lihfor mation: (J
ForanyIdevi cel@pplicati onslof [magneti clthi nifi I ms, [itlisBecominglihcreasi nglyimportantibldontrol The[
magneti zati onfon[Sub-micron@ndSub-nanosecond i melscal es. [T heldampi nglproperti eslof (thelragneti zati onl@re
especiallylimportantfor[hi ghldatalfate@ppl i cati ons, [@ndtheldynami clbehavior [0f [Submi cronltagneti clparti cl eslarel]
important(fiorhi ghldensi ty[datalStorage. [T heldampi ngmechani smsthat [Goupl elthelfhagneti zati onfbthefhermal Bath(]
al soldauselagneti zati onffl uctuati onslthat @relbecomi ng@nlimportantSourcelof (fioi selihfiext-generati onreadhieads]
and@thechani smfor[datallbsslihirhedia.[]
O
Selectedpublications: [
1.Ohttp://www.ctems.ni st.gov/~rdm/mumag.html.CI
2.[0R.ID.McMichael,M.[J.[Monahue, [D.[G. [Porter [@ndL.[Ei cke, [ Switchingldynami csiand(driti cal (behavi or [6f (1
standardiproblemo.[4,” [J.[Appl.[Phys.,[89,[7603[{2001).00
3.0R.ID.McMichael, M. [D.[Stil es,[P.L].[Chen@nd V. [F.[Egel hoff, [r.,[IFerromagneti cldesonancelli newi dthihhin[]
filmsdoupledbiO” [1.[Appl .[Phys.,[83,[7037[(1998).
4.[R.[D.M cMichael [@ndAndrew& unz,[ICal cul ati onldf [dampi ngriatesiihthi nlihhomogeneousiflierromagneti cfilms
dueliblcouplingibllktticelVibrations,” [1.[Appl.[Phys., fbobelpublished(2002).01
5.0R.MD.McMichael, . L. [Twissel mann, L. [E. [Bonevich, . [J.[Chen, W.[F.[Egel hoff, [Jr., @nd[S. (. [Russek, [
“ Ferromagneti cliesonancelmodelihteracti onslihperiodi cal ly[perturbedfilms,” [J.[Appl . Phys., fbbepublished]

(2002).00
O
AlignmentithMISET(Grand[Challenges: [
[l
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M aterialsiScienceland[Engineering(ll abor atoryl]

Neutron¥ ethods{flor Nanotechnology[]
0
Projectleader/contact: [
e John[1.[Rush,[301-975-6231,[john.rush@nist.gov]
o Patrick[Gallagher,[301-975-4191, [patrick.gallagher @nist.govl
NIST [Center forMeutronResearch(NCNR), NI ST, [Gaithersburg

0
Approximatelstaffing: [
O 6.0FTEC

0

Funding(sSources. ]
O  NIST67%0),[Other[Agencies(33[%0) ]

O

Objective: [
Provideluniquelniati onal [dapabilitiesiandlihstrumentati onffior [Aeutronlfesearchionfanoscal elstructurel]
(1M@mME200mm) @ndIdynamics,vhi chldontrol [properti eslanddanotechnol ogy @ppli cati ons[of [
material slandlhacromolecules.[]

O

Constituency:
Over[400af . S.[Mniversitiesiandlihdustriesiandthree | ST Taboratori esipur sui ngnanoscal elsciencel]
and(technol ogyriesearch@MNCNRO

O

Principal [durrentfasks[]

e Over[100MIST @ndoutsidelll. S.[researcherslareléngaged(ihlresearchldi med(&t[probing]
nanostructurelinfiewmaterial siandlassembl agesiwhich@relkey fblfiewdevel opment,[é.g.[Ih
magneti c[storagelmedialand(Spinlél ectroni cs,[Aanocomposi teslior [@utomotivelports, thin{i I mO
insul atorsifor [anoscal elihtegratedIdircuits, Biomi meti clnembranesifior [Bi osensor [@pplications, [
tail oredimol ecul ar[structuresifior [thol ecul ar[Si eves, [Gatal ystslandfuel [additivesiandnanoscopi c]
mol ecul ar[@ssembliesfor(drugldelivery.[

¢ NCNRIkWorkinglibldevel ophewhethodsiandldevi cesiblimprovelSensitivity(of ([Aeutron(probes]
foranostructurelmeasurementBy(an(drder[df hagnitude.[]

0

Additional lihformation: J

Devel opments(attheM CNRIOverfhelpastidecadelprovidell. S.[hanoscal elsci encelandfechnol ogy Wwithd
timelylaccessliblState-of -the-art[Aeutronresearchldapabiliti es. M oreldpportunitiesfbmeet Mapidly[@émerging
nanomeasurement(@pportunitiesiarelbeingléxplored.[]

O

Sdlectedpublications: [

O  OverB0publicationslihlast2years]

0

AlignmentwithMISETIGrand[Challenges: [

[l
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M aterialsiScienceland[Engineering(ll abor atoryl]

Neutron[Studiesiof Nanoscal elFilms@nd M ultilayer s
u
Projectlleader/contact: (]
ChuckM ajkrzak,[301-975-5251, [Gharl es.maj krzak @ni st.gov ]
NIST [Center [forMeutronResearch(NCNR), NI ST, [Gai thersburg

O
Approximatelgtaffing:
0 5.0FTEO

O

Funding(Sources: J
0  NIST(O0%6),@therlAgencies(10%o)]

O
Objective: O
M easurelkeyhanoscal elthagneti clandmacromol ecul ar [Structuresihthi n{il msiandmultil ayersioSupporttheirC
tail oringlandidevel opment, [8.g. [for[@dvancedithagneti clstorage, [fhi croel ectroni ¢, [@ndBi osensor [@ppli cations.[]
O

Constituency: [
Communications, @ ectronics, [@ndbi otechnol ogylihdustries, [@nduniversities
O
Principal [@urrentiasks]
o  Extendlfhagneticlihinffilmsistudi esfoextigenerati ontagneti clSemiconductorsiblrieveal thelrol elof ]
magneticlihteractions,hi chiwill [dontrol thelSpi nldependentproperti eslof futurelSpintroni cldevices.[]
e  Measurement(of(pol ymerlihterdiffusi onlaggregati on@ndigrowth(af metal (nanoparti cl eslinthinifilms(for
microel ectronicland(doatingldpplications.[]
o  Developltheoreti cal @ndéxperimental hethodsiblprovideldirectihvers onlaf [phaselSensitivelrefl ectivity ]
measurements(for [accuratelfanoscal elstructureldetermination.]
O
Additional lihfor mation: (J
NCNRIScienti stsihaveldevel opedpowerful [deutronireflectometryprobesthat (provideléssenti al fanoscal elstructurel]
informati onfthat[@annotBelfheasured@nyotherivay.[]
O
Selectedpublications: [
1.OH.Yim, M. [Kent,[R.Dvkov, [$.[$atij a, .M aj ewski, [IStructurelWithi n[T hi nfEpoxy [Fil msiReveal ed By [Sol vent ]
Swelling:[A M eutronReflectivity[Study” ,[Macr omol ecul es[34,[7932[{2000).
2.00C.[F.Majkrzak,N.[F.Berk,[3.[Krueger,[J.[A. [Dura, M. [Tarek,D.[Tobias, V. [Silin,[C.W.IMeuse, [J.0Woodward, [
A.[L.[Plant,[First-Princi plesiDeterminationlaf [HybridBil ayer M embranel$tructurelBy[Phase-SensitivelM eutron[]
Reflectometry” ,Biophys.[J.[79,[3330{2000).
3.0Borchers,[1.[A.,Ojiri,[Y .,[Mind,[D.M.,Ivanov, P.[G., [Erwin,[R.ONV.,[Qasba,[A., T ee,[$.-H.,[DO’ Donovan, K.V .,00
Dender,D.[C.,[IDetecti on(of (Fi el d-Dependent[Antiferromagneti clDomai nsiih(Exchange-Bi ased [Fe;O,/Ni OO
Superlattices’,[Appl.[Phys.[Lett.[77[{25),[4187[(2000).0

O

AlignmentWithMSETGrand[Challenges: [

O
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M aterialsiScienceland[Engineering(ll abor atoryl]

Neutron[Scatteringinvestigationslof Nanocomposites, Nanotubesiand[$el f[Assembled]
Structures’]
0
Projectlleader/contact: [
John(J.[Rush,[301-975-6231, jbohn.rush@nist.gov
NIST [Center forMeutronResearchINCNR), NI ST, [Gai thersburg

O
Approximatelstaffing: O
O 25[ETED

O
FundingSources: ]
O NIST[{100®6)0O

O

Objective:O
Provideldritical [ihformati onBySmal | -angl elheutron(Scattering([SANS) [@nd(diffracti ontethodsidn]
nanostructureslinbul khanocomposi tesifior Mextidenerati onStructural taterial s, [darbonfanotubesfior (ol ecul ar (]
€l ectroni cs,[@ndmew(Sel f-assembl edifhacromol ecul esistructuresifior [énvironmental (6l eanup. IFi rst{princi pl esC]
computati onal tethodslare@keyfolprogressiihipredictingl@and(iail oringhanotubelproperties.[]

O

Constituency: [

Chemical,[fransportati on@nd(rhicroel ectroni csiSectors]
O
Principal[durrentfasks(]

e  Uselllltra-highlresol utionlsmall-angl elfeutron(Scattering((USANS) fblverify@nd(dalibratelfhelrel ationship[]
between(theldol or[af [drgani cal ly hodified(dl aysidi spersedlinipol ymer [matri cesiandtheldegreeldf (1
exfoliationldf theldl aylparti cles,ivhi chlik[trongly[dorrel atedwi thlimprovedmechani cal [and(firelfetardant ]
properties.[]

e  Combinelfransmissionlél ectronimicroscopy [{ITEM),[SANS, [@ndldynami clrheol ogyfbldevel opl@ldetail ed
structural [@ndfhechani cal hodel [6f [Apol ymeri zed(gel . [Tharacteri zi ngthelproperti esiof thisihewrhicel lar(]
gel [haterial (Wil Fosterlitsiéommercial [@ppli cations, [@.9. thiwastewater [l eanup.]

o  ExplorefewlroutesibSynthesizel@nddharacterizelfunctionalized(derivati vesof [darbonanotubes, [Such@s]
hydrogen(@ndetal -coatedfubes.(]

O

Additionalihformation: [

TheMIST/NCNRI[Small[angl elScatteringlihstrumentsidover [Afangefrom1 Amib1000Mmiandthusdantiniquely [
probelfhanykey featuresiinimol ecul ar@nd(parti cul atelnanostructures. [

O

Selectedpublications: [0
1.07.Yildirim,[O.[Gul seren,[T.Kilic,[3.[Tiraci,[Pressure-1 nducedinterli nkinglof [CarbonManotubes’ , [Phys. [Rev.[
B[62,[12648[(2000).01
2.00D.1.Ho,R.M.Briber,[C.[1.[Glinka,ICharacteri zati onldf (Drgani cal |y odifi ed [Tl aysllUsi ngScattering@nd
Microscopy(Techniques’,[Chem.Mater.[13[(5),[1923[(2001).
3.0S.[R.Kling,[Structural (Evol utionuringMicell elPolymerization” , [J.[Appl.[Crystal logr.[33[(1),[618[{2000).1
O
AlignmentiithMSETGrandChallenges. [

d
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BuildinglandFir elResear ch(ll abor atory[]

Char acterization[af [Polymer [Sur faces(T]
u
Projectlleader/contact: (]
Mark[¥ anL andingham,[301-975-4686, [thark.vanl andingham@nist.gov
BuildingM aterial sIivision, BFRL,[Gaithersburgd

O

Approximatelgtaffing:
1.2[ETEDO

O

Funding(Sources: J
O  NIST(92%),@ther[(BQ6)

O

Objective: O
Toldevel opadvancedmeasurement(fiechni quesior [éval uati ng(Surf acelfechani cal [properti esiaf [pol ymeric
material sasiafunctionlof {i mel@andlbading(rate, folrel atelfnaterial siproperti esibldef ormati onBehavior [nder [
compl ex[Stress[gtates, [@nd(ibl@ssessithelimpact(df [Surfaceldef ormationldn(@ppearance.(]

O

Constituency:
Thislproj ect@ddresses(iksueslaf (i cromechani cal [Andhanomechani cal behavi or [0f [pol ymersithat[@reldpplicabl e[
tolamumber [0f [ihdustri es, [ihcl udingBuil dingl@nddonstructi on, [Butomoti ve, [Bul kIpl asti cs, [@nd(mhi croel ectroni cs.O
O
Principal [durrentfasks]
e  Developliechniquesiiisinganoindentati onfibmeasurelél asti ¢, Wi scoel asti ¢, [@nd i scopl asti cliesponsesiof [
amorphousiandiSemicrystallinelhomopol ymer[Systems.[]
O
Additional lihfor mation: (J
Thislproj ecthaslbecomelfheBFRL -lediporti onlof fhellnterfaces/| nter phasesiConsortiumithat Mvasiéstabli shedih(]
December[2000.InEhelConsortium,BFRL [partnersiivithW SEL [@nd[CST L, @ndthreelprivateldompanies.[Resul ts]
havelshown(thelfieasi bility[6f hechani cal [propertyfheasurementsionipol ymeri clateri al sltisi ng@tomi clflorcel]
mi croscopy@ndidepth-sensinglihstrumentation. [Informati onlhas@ sobeenobtai neddntheléffectsiof [probelii pshapel
andlitsiimportancelibihelquantitati veldeterminati onldf hechani cal [properti eslfromnanoscal elihdentation]
measurements. W odel si6f [Opti cal [Scatteri nghavebeenldevel opedifior(dl ear [Goati ngsiwithiaryi nglSurfacefopography [
that[Gorrel atelel | Wi thléxperi mental heasurements. [A feview[of [Thelli teratureldnifharri nglaf [Surfaceshasbeen
compl eted, [Butpublicati onlikldel ayed(fior[Sixfhonthslih{@ccordiwithequi rementslof thelConsorti um. I
O
Selectedpublications: [
M.[R.VanLandingham,J.[3.Villarrubia,W. [F.[Guthrie, [G. [F.[IM eyers,[INanoi ndentati on[of [Pol ymers. [An[]
Overview," IhMacromol ecul ar [Bymposi al167: TR dvancesihiScanni ngProbeli croscopyof [Polymers, [V . [V .[0
Tsukruk@ndm. . Fpencer,[eds.[(2001)[15-44.00

O

AlignmentithNSETGrand[Challenges]

O
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BuildinglandFir elResear ch(ll abor atory[]

High-Perfor mancelPolymericBuildinglM aterials:[]
Polymer -M etal [OxidelNanocompositelSystems]
0
Projectlleader/contact: (I
Jonathan artin,[301-975-6717,[jbnathan.martin@nist.gov
BuildingM aterial siDivision, BFRL ,[Gaithersburg]

O

Approximatelstaffing: O
3.8FTEO

O

Funding(Sources:
O  NIST{(68%),MtherlAgencies(32[%o)]

O

Objective: O
Toldevel opeasurementfechnol ogy el atedfbthellseldf etal [0xi delfianoparticl es(Ti O,, ZnO)ihipol ymericl
buildingfaterial s; bldevel opldi spersi onlfneasurement hethodslisi ngaldombi nati on(of i ght[@ndfieutron]
scatteringlfhetrol ogi es; blihvesti gatelrel ati onshi psibetween(di spersi on@ndbul k[@ndhanoscal elfhechani cal @nd
optical [properties; fbldevel opethodsiblfheasurelproperti esirel ated fbthelphotoreacti vity[df fhelfianoparticl es.[]

O

Constituency: [
Thislproj ecti@ddressesliksuesiriel evantfobuil ding@ndidonstructionhaterial s, automotiveldoati ngs, @ndbul k]
plastics, With[potential [impactsibthelheal thcarelihdustry.[
O
Principal[durrentfasks(]
e |Investigatelfechniqueslibldi sperselpi gmentary@ndinanosi zelparti clesihipol ymericlBinders; [devel op@nd
eval uatelScatteri nglthethods(for [quantitati velcharacterization[of [dispersion. [
O
Additionalihformation: [
Thislisl@new!researchlproj ectas(of [fi scal [year[2002.

O

AlignmentithNSETGrand(Challenges(]

O

MATO | ELECO | HEALTHO ENVO | ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANDO
XO O XO O O O O O O XO O

O




BuildinglandFir elResear ch(ll abor atory[]

M easur ement [Sciencelflor [Optical [ReflectancelScatteringl]
0
Projectleader/contact: [
0 MaryMcKnight,[301-975-6714,[thary.mcknight@nist.govl]
0  BuildingiMaterialsiDivision,BFRL,[Gaithersburg

O

Approximatelstaffing: O
0.7FTEO

O

Funding(Sources:
O NIST[{100®6)0O

O

Objective: O
Toldevel oplimproveditheasurementhethodslandfnodel sifor [descri bi ng@nd(predi ctingthelopti cal [fefl ectance
and(light(Scatteringdf aterial s.C0

O

Constituency: [
Automotive, [Goati ngs, [Pl asti cs, Buil dingl@andidonstructi on, @ndidomputer [graphi csliihdustries. [
O
Principal [durrentfasks]
e  Completelgharacterizati on(af thelmicrostructurelof hetal li c-fl aked(doati ngsijbintl yithM EL
o  Developllight[ScatteringlaboratoryforGharacteri zinglhi crostructurelof [dl ear [And[pi gmented(doati ngs]
e Accuratelyrenderfhel@ppearancelof [dbj ectsidoatedwith@metal li c-flakelpaint.(]
O
Additionallihformation: [
Thelhai n[dontributi onfolfanotechnol ogyMasbeenthelfecently Begunluseldf thel | ST feactor fblStudyfheldegreelof [
dispersionlof [Submicrometer[parti cleslihldoatings. [T
O
Selectedpublications: [
L.[Sung,W.[E.Madal,M.[E.M cK night, [E. M arx,[andB. [ aurenti, [10pti cal [Ref | ectancelof M etal li c[Coatings: [
Effect[0f [Aluminum(FlakeOrientation,” [SubmittedblICT: [Jour nal [6f [Coati ngsTechnol ogy{(2001).1

O

AlignmentWwithMNSETIGrand[Challenges: [

O

MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANDO
XO O O O O O O XO O XO O




BuildinglandFir elResear ch(ll abor atory[]

New[FlameRetardantPrinciples:[]
Condensed[PhaselPr ocesses(]
Demonstration@nd[ProductsT ransfer [
Pre-FlamingBehavior [6f (Solid[M aterial s[]
0
Projectlleader/contact: [
O  JefflGilman,[301-975-6573,[Effrey.gilman@nist.govd
O  Fire[ResearchDivision,BFRL,Gaithersburgd

O
Approximatelstaffing:
0 6.5FTEO

O

Funding(Sources: J
O  NISTI{706),[@ther[Agencies(20[%0), Other[{110%)

0
Objective: O

Tolfeduceltheflammability[df [Gommoditypolymersiwhil elsimul taneously improvingltheir[physi cal [properties.O]
0

Constituency: [
Plasti csiandflamelretardantproduct[producersT]
O
Principal [durrentfasks]
o  DeveloplSeveral [Structure-property(rel ati onshi psifior flamelretardantpol ymer fanocomposites]
o  Developlhigh(throughput[{HT) hethods{iblaccel eratelfhelpaceldf Mesearchlih(thi siprogram(]
O
Additional ihformation: O
In[FY 2001, Workwasidompl etediwvithi n[dur M1 ST -1 ndustry Manocomposi tesiConsortiumlihiwhichtheldhar formingd
propertiesiof (fano-clayslihlpol ystyrenelwereldharacterized.lin[dooperati onlwithithe[Pol ymersDivision, Welal sol]
devel opednew(quantitativelll M Rlmethodslfbldharacteri zelhano-scal elhi xi nglandprocessi ngldegradati on[of [
nanocomposi tes.(WVorkingiwi thithell aval (Research(ll ab, Weldevel opedifiew(dl ay [freatmentsiwi thigreater fhermal [
stabilityfhanldther[donventional [freatments.[As[part[af thel | ST [Combinatorial M ethodsCenter, Wwelareldevel oping
new(hi ghlthroughputimethods(fior [@haracterizinglthelflammability[@ndphysi cal [properti esiof [polymers. [
O
Selectedpublications: [
1.0D.[0.[WanderHart,[A.[Asano,[@and].(WV.[Gilman, W acromol ecul es,[34,[3819, [(2001).00
2.[1.0W.[Gilman, [T .[Kashiwagi,[A.B.Morgan,[R.Warris,[Jr.,[L.[Brassell,IM . [V anLandingham, @nd[C. 1 .[Jackson,[]
NISTIRB531,July2000.00
3.[0.0W.[Gilman, T.[Kashiwagi,[Polymer-L ayered(Sili catell anocomposi tesiwi thiConventi onal ([Fl ameRetardants’ [
in[Polymer-ClayBlanocomposites,[éds.:[T.[Pinnavaia, [G.Beal |, Wil ey@nd$onsLl td, West[Sussex,[2000.01

O

AlignmentWithMSETIGrand[Challenges: [

O
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BuildinglandFir elResear ch(ll abor atory[]

Par ticlelM easur ementsin[Suppor t[0f fThel$emiconductor Mndustry(]
u
Projectlleader/contact: [
GeorgelM ulholland=[301-975-6695, [deorge.mul holland@ni st.gov
Fire[ResearchDivision,BFRL,[Gaithersburgd

O

Approximatelgtaffing:
0.8FTEO

O

FundingSources: [
O  NIST(9226),[Other[(B[%0)J
O
Objective: O
Devel oplfiacilitiesliblaccuratel ytheasurelparti cl elsSi zelandibldeposi tihonosi zelparti cleslon(dal i brati on(artifactsC]
tolleduceltheliincertai ntyihfhelsi zes(df [parti cl eslised By [thelSemi conductor ihdustry(fbldal i bratelScanning
surfacelihspection(Systems[(SS| S). [
O
Constituency: [0
Semiconductor @l ectroni cslihdustryd
O
Principal[durrentfasks]
Devel oplparticlelsi zinglandigeneration[dapabiliti esflor [parti cl eslasismal | [As0mIdsi ngldifferential (el ectrical [
mobility[@nal ysi sifor(si zinglandlel ectrospray [for [@erosol [generation.[]
O
Additional ihformation: O
Thellnternati onal [T echnol ogy [Roadmap(for [Semi conductorsi(l TRS) identifi esitheldetecti onland(characteri zati onlaf [
defectsiandiparti clesloniwaf ersitbBeldpotential |y [show-stoppingBarri er foldevi celhi ni aturi zati on. [T helfoadmap]
specifieslihatBy2005[@ndB30MmIiparti cl esiustBeldetectabl elonBarelsili con. [T helthanuf acturersiof [thel$SI Slrequirel]
lowlUncertainty(dalibrati on[parti cl eslfor [selihldal i brati nglSurfacelScanners.[]
O
Alhgj or[flocushasbeen(devel opment(af theldifferential hobility@nalysisfiDM A) ihethodfor [Accuratel y[Si zing [
monosi zelpolystyrenelgpheres. [T hishiivork fogether Wi th[a[$S| Siound(robinfhasprovidedievidencelthat [Gurrent[$SI ST
measurementsihave@ninacceptablyTargelincertai nty for [parti cl elsi zesihthe[Q0mMmIb100AmISi zeltange. [
addition,@lSpraypyrolysi sihethodfor[generati nglpureldopper [Spheresiwi thdi ameter sitangi ngfrom100[amIb]
200mmlhasbeenldevel opediihidol | aborationiwithfhelU niversity [0f Vi nnesota. [T heselSpheresiwil | Beldsed o]
validatelthelparticlelScatteringtheoryforparti cleslon@lsiliconlsurface. M
O
SelectedPublications: O
G.W.Mulholland@ndB.Bauer, [INanometer [Calibrati onParticles: [WVhatik[Avail abl eland[What (5Bl eeded?,” O
J.[NanoparticlelResearch(2,[5-15[{2000).]

O
AlignmentithMSETGrandChallenges. [
O
MATO | ELECO | HEALTHO ENVO | ENERO | SPACEL | BIOSENO| TRANSO | SECURO | METO | MANO
XO XO O O O O O O O XO O

O



BuildinglandFir elResear ch(ll abor atory[]

AMNI ST KineticlDataBaselflor [PAH [Reactionsiand[$oot [Par ticlelllnceptionDuring]
CombustionlJ
O
Projectlleader/contact: (I
GeorgeMulholland=[301-975-6695, [deorge.mul holland@nist.gov
FirelResearchDivision,BFRL,[Gaithersburg]
O
Approximatelstaffing: O
3.5FTE[{including@.25from$andia,[0.5from[AFRL ,@nd[0. 75[dontractor)
O
Funding(Sources:
O  NIST(R0Y),MtherlAgencies(80%o) ]
O
Objective:O
Toldevel opl@driticallyl@val uated, [@rchival [Gasiphaseléhemi cal [Ki neti cldatabaseldescribi ngthelfransf ormation(of (1
fuel ol ecul esbPAH (ol ycycliclaromati clhydrocarbons) @ndiheffi rstiquantitativelSootparti cl elihception
model Baseddn(éxperiments.]
O
Constituency: [
Gaslturbineland(di esel [énginelmanufacturers]
O
Principal [durrentfasks(]

o Fabricatel@well-stirredeactor,devel opldpti cal [diagnosti clfior[Soot[ihcepti on, [dassembl elhieptanelpyrol ysi s
andPAH [growth(Rineti cldatabases, [devel oplSoot/PA H[Samplingihethods, [@ndheasurelPAH [datesihshock
tube.[]

O
Additionallihformation: [
Military(das(furbinel@nd(diesel [enginesZ>[émit[Soot@ndPAH.TEngi nelparti cul atelmiti gation(Strategi esiieedSoot [@nd
PAH[mhodel sifor[ihcl usi onlinldomputer-basedéngi neldesi gnland(for fuel [additi veldevel opment. [
O
NI ST islprovi dinglamew@pproachiblunderstandinglSoot [ihcepti onBy focusi ngldasiphaseléxperti selandlparticle]
phaselexperti selon(thefucl eati on(of [aldondensedphasel{particl€) fromTargelPAH ol ecul es. [T helstaff (wil | Be]
makingluselaf newlexperimental [faciliti eslfor [detecti ngland(si zi nglhanometer [Si zelparti cl es, for heasuri ngIPA H/soot [
kineti cslusinglimprovediwel I -stirred-reactor [desi gniwi thadditivelihj ectionldapabiliti es, [@ndmewdomputati onal fbol s
forlthermodynami cland[Kineti clparametersfior[dombusti onlSpeci eslincl udi nglriadi cal sSiAndPAHs.[
O
SelectedPublications: [
Blevins,[IL.G.,Mulholland,[G.W.,Benner,B.A.,[Ir.,[Fletcher,[R.A.,[@nd[Steel ,[E.B.,[IComposition@ndShapel]
of [Early[Soot[CollectedfromInverselFlames,” [Fal | [T echni cal M eeting, Western[StatesiSection, [Theld
Combustionhstitute, [$altMl akelCTity,[WT,[October2001.00

O
AlignmentWwithMNSETGrand[Challenges: [
O
MATO | ELECO | HEALTHO ENVO| ENERO | SPACEO| BIOSENO| TRANSO | SECURO | METO | MANDO
XO O XO XO XO O O XO O XO O
U
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