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B. ®. Kocopotos, JI. B. llenpuHa

DISNYHI, XIMIYHI TA IHWI ABULLA, HA OCHOBI AKX MOXYTb
BYTW CTBOPEHI CEHCOPU

PHYSICAL, CHEMICAL AND OTHER PHENOMENA,
AS THE BASES OF SENSORS

YK 537.226/227; 621.317.78

HOJAPU3ALINOHHBIE ABJIEHUA B ALHEHTPUYHDBIX KPUCTAJIJIAX
B YCJIOBUAX HEOAHOPOAHOI'O TEMIIEPATYPHOI'O I'PAIUEHTA

B. @. Kocopomos, JI. B. Il]ledpuna

Hnuctutyr sk HAH YkpanHsr
46, np. Hayku, 03028, Kues, YkpanHa
Ten.(044) (525-79-42), daxkc: (044) 525-15-89
e-mail: kosorot@iop.kiev.ua; Ishched@iop .kiev.ua

IOJAPUSALINMOHHLIE ABJIEHNA B ALIEHTPUYHDBIX KPUCTAJLJIAX B YCJIOBUAX
HEOJHOPOJHOI'O TEMITEPATYPHOI'O TPAAMEHTA

B. @. Kocopomoe, JI. B. Il]edpuna

Annoramusa. PaccMaTpuBaroTCs MoJIsSIpU3allMOHHEIC SIBIICHUS B alleHTPUYHBIX KPUCTAJLIaX B yC-
JIOBUSIX IPOCTPAHCTBEHHO HEOTHOPOIHOTO TeMIIEpaTypHOro rpagueHTa. IlpoBeneH TeopeTudec-
KM aHa/IN3 pa3IMYHbIX BKJIAIOB B MUPO3JICKTpUUCCKU 3 (HEKT B TePMOIMHAMUICCKIA HEpaB-
HOBECHBIX KpHcTautax. OmrucaHo pa3MexXeBaHe BTOPUYHOTO M TPETUIHOTO MUPO3ISKTPUISCKIX
5 GEKTOB B MbE303JICKTPUICCKUX Cpelax IPHU ydeTe pasIMdHBIX OCOOCHHOCTEH ITPOSIBICHMS
HEpPaBHOBECHOTO IIPOIIeCca B KPUCTAILIE, a TAKKe IIPOaHAIM3MPOBaHa POJIb JIOKHBIX BKJIAIOB B
MUPOOTKIIMK B 3THUX YCJIOBUSIX, YTO HEOOXOIMMO Ha CTAIWM pa3pabOTKU U IMIPOCKTUPOBAHUS IIPU-
HIIMIIOB ITOCTPOSHUS CEHCOPHBIX YCTPOMCTB.

KnroueBbie cjioBa: MpoCcTpaHCTBEHHO HEOJHOPOMHBINM TeMIIEpaTypHbIN TpagueHT, UHAYLIMPO-
BaHHasl MMPOAaKTUBHOCTh, BTOPUYHBIN U TPETUYHBIIA MM POINEKTPUIECKUN 3(DDEKTHI

MOJIAPU3ALIIIHI IBUIIA B AHEHTPUYHUX KPUCTAJIAX B YMOBAX HEOJHOPIJTHOTO
TEMIIEPATYPHOTI'O I'PAIIEHTA

B. I1. Kocopomos, JI. B. Il]edpina

AHoTamig. Po3risgaoTees noasipu3alliiiHi SBUIIA B alleHTPUYHUX KpHCTajlaXx B YMOBax ITpoO-
CTOPOBO HEOAHOPIAHOIO TeMIiepaTypHoro rpaaieHTa. IlpoBeaeHO TeOpeTUUHMIA aHaJli3 PiZHUX
BHECKIiB B ITipPOEJIEKTPUUYHUN e(heKT y TEpMOIUHAMIYHO HEPiBHOBaXXHMX KpucTaimax. OmmucaHo
pO3MeXyBaHHS BTOPUHHOTO i1 TPETUHHOTO MipOeJIeKTPUIHUX €(DEeKTiB y IT’€30€JIeKTPUUHUX Cepe-
JOBUIIIAX NP ypaxXyBaHHI Pi3HUX O0COOJIMBOCTE MPOSIBY HEPIBHOBAXKHOTO MPOLIeCY B KPUCTATi, a
TaKOXX MpoaHali3oBaHa poJib XMOHMX BHECKIB y IiPOBIAryK 3a LIMX YMOB, 1110 HEOOXiTHO Ha cTail
PO3pPOOKH ¥ MPOEKTYBAHHS MPUHIIUIIIB MTOOYTOBU CEHCOPHUX ITPUCTPOIB.

Kir040Bi cj10Ba: mpocTopoBO HEOAHOPINHMIA TeMIIepaTyPHUIA TPali€HT, iHAYKOBaHa MipOaKTUB-
HiCTb, BTOPUHHUH i TPETUHHUI MipOeJeKTPUIHUN eDeKTU

© B. ®@. Kocoporos, JI. B. Illenpuna, 2009
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POLARIZATION PHENOMENA IN ACENTRIC CRYSTALS UNDER INHOMOGENEOUS
TEMPERATURE GRADIENT CONDITIONS

V. F. Kosorotov, L. V. Shchedrina

Abstract. Polarization phenomena in acentric crystals under the spatially inhomogeneous tem-
perature gradient conditions are investigated. Theoretical analysis of the different contributions to
pyroelectric effect in the thermodynamically nonequilibrium crystals is presented. A separation of
the secondary and tertiary pyroelectric effects in piezoelectric media taking into account the dis-
tinctive features of nonequilibrium process manifestation in a crystal is described. A role of the false
contributions to the pyroelectric response under examined conditions is analysed, that is necessary
for a design and developing the construction principles of a new class of infrared sensors on the basis
of the polarization phenomena under investigation.

Keywords: spatially inhomogeneous temperature gradient, induced pyroactivity, secondary and
tertiary pyroelectric effects
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NMPOEKTYBAHHA | MATEMATUYHE MOAEJTIOBAHHA CEHCOPIB

SENSORS DESIGN AND MATHEMATICAL MODELING

YIK 621.382, PACS 85.45.-W

EJIEKTPOHHO-OIITUYHE MOJIE/IIOBAHHA
ABTOEMICIMHUNX MIKPOKATO/IIB

A. O. JIpyacunin’, B. I. Ioaoma?, I. T. Koeym?, IO0. M. Xoeepko'

'HY “JIbBiBcbKa nogitexHika”, 79013 m. JIbBiB, Bya. Ct. Bannepu, 12, druzh@polynet.lviv.ua,
(0322)-258-21-53, druzh@polynet.lviv.ua
2 [pukapnarcbkuit HY iM. B. Credpanuka, 76025 M. IBaHo-@PpaHkiBebK, Byi. IlleBuenka, 57,
tenr. (0342)-71-48-48, kre@pu.if.ua

EJJEKTPOHHO-OIITUYHE MOJEJTIOBAHHS ABTOEMICIMTHUX MIKPOKATO/IIB
A. O. [pyxcunin, B. I. Ioaoma, 1. T. Koeym, I0. M. Xoeepko

AHoTamig. 3aCTOCOBAaHO KOMIUIEKCHUM ITiAXilg IO €JIeKTPOHHO-OMNTUYHOIO MOIETIOBAHHS
KpEeMHIEBUX aBTOeMiciiiHMX MikpokaroniB. B piBHsiHHI Paynepa-Hopareiitma BpaxoBaHo opMmy
MOTeHIIiaIbHOTO 0ap’epy 151 30HM IPOBITHOCTI i BaJlIeHTHOI 30HK. OTpUMaHO alipoKCcCUMallilo piB-
HsHHS Jlaraca njist po3paxyHKy MOTeHIIialliB MeTOJIOM CKiHYeHUX pi3HuIlb. [Toka3aHo pe3yabrar
pO3paxyHKy MOTEHIIialy i eIeKTpMYHOTO IOoJIsI MiKpokaTony. BcTraHOBIEHO BIUIMB IIPOCTOPOBOTO
3apsiiy Ha pyx €JIEKTPOHIB i MOKa3aHo iX TpaekTopii. OTpMMaHO OLiIHKY YyTJIMBOCTI (hOTOPE3UCTY
J71s1 UpoBoi TiTorpadii

KiouoBi ciioBa: aBToeMmicisi, KpeMHIiEBUII MiKpOKaTOH, eJIEKTPOHHA ONTHUKA, TPAEKTOPIS eJleK-
TPOHiB

ELECTRON-OPTICAL MODELLING OF FIELD EMISSION MICROCATHODES
A. A. Druzhinin, V. I. Holota, 1. T. Kogut, Yu. M. Khoverko

Abstract. The complex approach to electron-optical simulation of silicon field emission micro-
cathodes is applied. In Fowler-Nordheim equation the shape of potential barrier for conductance
band and valence band is considered. It is received approximation of Laplase equation for potentials
calculation by finite-difference method. The result of calculation of potential and an electric field
of the microcathode is shown. Influence of space charge on electron motion is established and their
trajectories are shown. It is received an estimation of sensitivity of photoresist for digital lithography.

Keywords: field emission, the silicon microcathode, an electron optics, electron trajectory

© A. O. dpyxuniH, B. I. Tonora, I. T. Koryt, 0. M. Xosepko, 2009



A. O. IpyxuHiH, B. I. Tonota, 1. T. Koryt, 0. M. XoBepko

BJIEKTPOHHO-OIITUYECKOE MOJIEINPOBAHUE
ABTOODMUCCHUOHHBIX MUKPOKATO/10B

A. A. Jlpyyncunun, B. H. Toaoma, U. T. Koeym, IO. M. Xoeepko

Annotamus. [TpruMeHeH KOMIUIEKCHBIN MOAX0/ K 3JIEKTPOHHO-ONTUYECKOMY MOJEIUPOBAHUIO
KPEMHUMEBBIX aBTOSMMCCUOHHBIX MUKpokaronoB. B ypaBHenuu ®aynepa-Hopareiima yureHa
(opma moTeHIMaTBLHOTO Oapbepa IS 30HBI MTPOBOAMMOCTH 1 BaJICHTHOU 30HHKI. IlogyyeHo am-
MpoKCUMAalIO YypaBHeHU Jlamiaca njis pacyera IMOTEHIIMAJIOB METOIOM KOHEYHBIX Pa3HOCTEM.
ITokaszaH pe3ynbTaT pacyeTa MOTEHUMATIA U 3JEKTPUYECKOTO TTOJISI MUKPOKATOAA. YCTAHOBIIEHO
BJIMSTHHE TIPOCTPAHCTBEHHOTO 3apsia Ha ABMXKEHME SJIEKTPOHOB 1 ITOKa3aHbl UX TpaeKTopuwu. I1o-
JIY4E€HO OLIEHKY YYBCTBUTEIBHOCTHU (poTOpe3ncTa I HUPPOBOI IUTOTpadhum.

KiioueBble ciioBa: aBTOOMMUCCHUA, KpCMHI/IeBbIﬁ MHMKPOKATOI, SJIEKTPOHHAA OIITUKA, TPACKTO-
pusAa 3JICKTPOHOB
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CEHCOPU ®ISNYHUX BEJIMHNH

PHYSICAL SENSORS

YIK 621.382.28

JATIUK TEMIIEPATYPbI HA OCHOBE OJHOITEPEXO/JHOI'O
N ITOJIEBOI'O TPAH3NCTOPOB
IIPU PAIIMALIMOHHOM BO3JIENCTBUU

U. M. Bukyaur’, I11. J]. Kypmawee?, H. E. Maiicmpenxo’, 11.FO. Mapkoaenxo’

"'Onecckast akagemust cBsi3u uM. A.C. ITonosa,
Onecca, 65029, YkpauHa, ten. 723-61-18
20pecckuii HalMOHaNBHBIN yHUBepcuteT M. M.U. MeyHukoBa
Onecca, 65082, yi. ABopsHckas, 2, YkpanHa, e-mail: kurm@mail.css.od.ua

TIATIMK TEMITEPATYPEI HA OCHOBE OJTHOITEPEXO/THOTO ¥ TTIOJIEBOTO TPAH3UCTOPOB
TP PAIIMAIIMOHHOM BO3JIEVICTBUM

U. M. Buxyaun , I11. JI. Kypmawes , H. E. Maiicmpenxo, 11. FO. Mapkoaenxo

Annoramus. PazpaboTtaHa cxema jaTdynka TeMrepaTrypbl HA OCHOBE TeHepaTopa Ha OJHOoIepe-
XOJIHOM TPaH3UCTOPE C ABYMS TOKO3aaI0IIMMHU TOJIEBBIMU TPAH3UCTOPAMU, YaCTOTa reHepaluu
KOTOPOTO JIMHEMHO PacTeT ¢ YBEIMYCHUEM TEMIIePATyphl. DKCIIEPUMEHTAIBHO UCCIEA0BAHO BO3-
JEeiiCTBUE pagvallii Ha ero paboToCIIOCOOHOCTD.

KnoueBsie ciioBa: 1aTYNK, OMHOIIEPEXOIHBIN TPAH3UCTOP, TEHEPaTOP

JATYUK TEMITIEPATYPU HA OCHOBI OJHOITEPEXITHOTI'O I ITOJIBOBOI'O TPAH3UCTOPIB
ITPU JII1 PAJTIATIIT
1. M. Bikyain, III. JI. Kypmawes, 1. E. Maiicmpenko, II.FO. Maproaenxo

Anotanisa. Po3po0ieHa cxeMa naTdyrka TeMIepaTypy Ha OCHOBI TeHepaTopa Ha OMHOIIEPEXiTHO-
My TPaH3HUCTOPi 3 ABOMA CTPYMO3adal0UMMH IT0JIbOBUMM TPAH3UCTOPaMM, 9aCTOTa FeHeparlil sIKO-
ro JIiHiiTHO 3pocCTaE€ i3 30i/IblIeHHSIM TeMIiepaTypu. ExcnepuMeHTalbHO AOCHiXKEeHA Jisl pagiaiii
Ha M0T0 Ipale3qaTHICTh.

KnrouoBi ciioBa: naTuyuk, oqHONEPeXiTHUI TPAaH3UCTOp, TeHEPaToOp

SENSOR OF TEMPERATURE ON THE BASIS OF UNIJUNCTION AND FIELD TRANSISTORS
AT THE RADIATION-DAMAGE

L V. Vikulin, Sh. D. Kurmashev, A. E. Maistrenko, P. Yu. Markolenko

Abstract. The chart of sensor of temperature is developed on the basis of generator on an unijunction
transistor with two current-lead fields transistors, frequency of generation of which linear grows with
the increase of temperature. Influence of radiation is experimentally investigational on his capacity.

Keywords: sensor, unijunction transistor, generator

© U. M. Buxynun , II. 1. Kypmamies , . E. Maiictpenko, I1. FO0. MapxkosaeHko, 2009
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ONTWYHI, ONTOENEKTPOHHI | PAOIAUIVIHI CEHCOPU

OPTICAL, OPTOELECTRONIC AND RADIATION SENSORS

PACS 61.43.FS, 78.30.LY, 78.90.+T
YIK 539.216.2

IR OPTICAL PROPERTIES OF As,,Sb.S,, CHALCOGENIDE GLASS
AND EFFECT OF y-IRRADIATION

T. S. Kavetskyy"?, O. 1. Shpotyuk?, G. 1. Dovbeshko’,
1. V. Blonskyy’, V. M. Tsmots’

'Solid State Microelectronics Laboratory, Drohobych State Pedagogical University,
24 1. Franko Str., 82100 Drohobych, Ukraine
Tel.: (03244) 23257, Fax: (03244) 33332, e-mail: kavetskyy@yahoo.com
2 Lviv Institute of Materials, Scientific Research Company “Carat”,
202 Stryjska Str., 79031 Lviv, Ukraine
3 Institute of Physics, National Academy of Sciences of Ukraine,
46 Prospekt Nauky, 03028 Kyiv, Ukraine

IR OPTICAL PROPERTIES OF As,,Sb,S | CHALCOGENIDE GLASS AND EFFECT
OF y-IRRADIATION

T. S. Kavetskyy, O. 1. Shpotyuk, G. 1. Dovbeshko, 1. V. Blonskyy, V. M. Tsmots

Abstract. In this paper, impact of y-irradiation on the transmittance of As,,Sb.S_ chalcogenide
glass in the near and mid IR spectral range is investigated. The radiation-induced changes in the
main IR impurity absorption bands are discussed to be taken into account in IR optical devices
based on the glass composition studied to work in the conditions of high energy radiation fields.

Keywords: chalcogenide glasses, impurity absorption, radiation modification, IR optics

BILIMB y-ONTPOMIHEHHSI HA T4 OIITUYHI BIACTUBOCTI
XAJIbKOTEHIJTHOTO CKJIA As, Sb,S,,

T. C. Kaseupkuii, O. H. Illnomrox, I. 1. Jloebemko, I. B. baoncoxuii, B. M. IImous

Anoranig. B cTaTTi npeacTaBieHo pe3yabTaT BABYEHHS BIUTMBY Y-OMPOMiHEHHS Ha TTPO30PiCTh
XaJIbKOTeHiHOTO CcKia As,,Sb.S. B OmkHbOMY Ta cepentbomy Y miamasoni criektpy. O6roBo-
PIOIOThCS pajialliiHO-iHAYKOBaHi 3MiHU OCHOBHUX cMyT 1Y 1OMIlIIKOBOIO MOIJIMHAHHS, SIKi CJTi
BpaxyBaTU MPY BUKOPUCTAHHI CKJia AAHOTO XiMiuHOTrO cKkany B I4 onTuyHOMY npuianoOynyBaHHi
IJ1s1 poOOTH B YMOBaxX BUCOKOEHEPIeTUYHMX padiallifHUX MOJiB.

Kro4yoBi cjioBa: XxaTbKOTeHIIHI CTEeKJ1a, JOMIITKOBe MOTJIMHAHHS, pafiamiiitna Monudikais, [4
OIITHKA

© T. S. Kavetskyy, O. I. Shpotyuk, G. I. Dovbeshko, I. V. Blonskyy, V. M. Tsmots, 2009



T. S. Kavetskyy, O. 1. Shpotyuk, G. 1. Dovbeshko, I. V. Blonskyy, V. M. Tsmots

BJIMSIHUE y-OBJIYYEHUS HA UK ONITUYECKUE CBOVICTBA
XAJIbKOTEHUTHOTO CTEKJIA As_,Sh.S,,

T. C. Kaseuxuii, O. U. Illnomiox, I. U. Jloebewmro, H. B. baouckuii, B. M. IImoup

AnHoTtamus. B craTbe npenctaBiaeHbl pe3yabTaThl 10 U3YYEHUIO BIUSHUS Y-001ydeHUs Ha Mpo-
3payHOCTb XaJbKOTEHUIHOIO cTekIa As, Sb S B OmmkHeMm 1 cpenHeM MK nnamasone criekTpa.
O06cyxnaoTcsl paiuallMOHHO-MHAYLIMPOBAaHHBIC U3MEHEHUsI OCHOBHBIX nojioc MK mpumecHoro
TIOTJIOLIEHUSI, KOTOPBIE CJIeAYeT YUYMThIBATh MPU UCITOIb30BaAHUU CTEKJIa JAHHOTO XMMUYECKOTO

coctaBa B UK ontuueckoM ]'IpI/I60pOCTpOCHI/II/I IJIA pa6OTI)I B YCJIOBUAX BBICOKOHCPICTUUCCKUX
pagraliMOHHBIX MOJIECH.

KiroueBble c10Ba: XaJbKOT€eHUIHBIE CTEKJIA, TIPUMECHOE MOMIOIIEHKE, paauallioOHHas MO~
¢uxkanus, UK ontuka
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PACS 32.15RM;
YIK 539.184

ON SENSING NUCLEI OF THE *’Bi AND *’Pb ISOTOPES BY MEANS
OF LASER SPECTROSCOPY OF HYPERFINE STRUCTURE

O. Yu. Khetselius'

'[.I.Mechnikov Odessa National University, Odessa

ON SENSING NUCLEI OF THE ?*’Bi AND 2"Pb ISOTOPES BY MEANS
OF LASER SPECTROSCOPY OF HYPERFINE STRUCTURE

0. Yu. Khetselius

Abstract. It is presented the new theoretical scheme for sensing different parameters of nuclei of
the Bi, Pb isotopes on the basis of hyperfine structure spectroscopy of the corresponding atoms.

Keywords: sensing, laser technology, hyperfine structure, isotopes of Bi, Pb

O JIETEKTPOBAHVHU AJEP M30TOIIOB 2’Bi M1 2"Pb METOIAMM JIA3EPHOI
CIIEKTPOCKOIINU CBEPXTOHKOMU CTPYKTYPBI

0. 0. Xeueauyc

Annoramusa. PaccMoTpeHa HOBas TeopeTHUecKas cXeMa IEeTeKTUPOBAHMSI I1apaMeTpPOB SIEp
n3ororoB Bi, Pb Ha ocHOBe CIIEKTPOCKOITIU CBEPXTOHKOM CTPYKTYPHI COOTBETCTBYIOIIIX AaTOMOB

KnoueBbie c10Ba: NeTEKTUPOBAaHUE, Jla3epHAasl TEXHOJIOTMsI, TEOPUSI CBEPXTOHKOM CTPYKTYPHI,
n3oronsl Bi, Pb

PO TETEKTYBAHHSA SJIEP I30TOIIIB "Bi TA 2"Pb METOJIAMM JIA3EPHO1
CIIEKTPOCKOIIIT HAATOHKOI CTPYKTYPU

0. I0. Xeueaiyc

Anotanisa. Po3risiHyTa HOBa TeOpeTUYHA CXeMa AETEKTYBaHHS MapaMeTpiB saep izortoriB Bi, Pb
Ha OCHOBIi CIIEKTPOCKOIIii HAATOHKOI CTPYKTYPH BiIIOBiITHUX aTOMiB.

KiouoBi ciioBa: meTeKTyBaHHS, Ja3epHa TEXHOJIOTiS, TeOpisd HAATOHKOI CTPYKTYpH, i30TONU
Bi, Pb
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PACS NUMBER: 42.50.-P, 72.20.JV;
UDK 539.184

ENERGY APPROACH TO ELECTRON CAPTURE AND IONIZATION
PROCESSES IN ION-ATOMIC COLLISION SYSTEM

A. V. Loboda

Odessa State Environmental University, Odessa, Ukraine

ENERGY APPROACH TO ELECTRON CAPTURE AND IONIZATION PROCESSES
IN ION-ATOMIC COLLISION SYSTEM

A. V. Loboda

Abstract. Energy approach is generalized to calculate the electron capture cross sections in the H*+
H(1s) collision system. The numerical results are presented for collision energies 10 and 100 keV

Keywords: ion-atomic collision system, energy approach

DHEPTETMYECKHH ITOJAXO0/I K N3YYEHMIO ITPOILIECCOB 3AXBATA DJIEKTPOHA
Y MIOHU3ALIMA B UIOH-ATOMHOM CTOJKHOBUTEJIBHOI CUCTEME

A. B. Jlo6oda

AHHOTaIMA. DHEPreTUYCCKUI ITOAX0I 0000IIIEH C IIEIbI0 pacdyeTa CeUeHMS 3aXBaTa DJICKTPOHA B
HMOH-aTOMHOI CTOJIKHOBUTEIbHO cucteMe H™+ H(1s). YncieHHbIE OLIeHKY MOIy9IeHBI IUISI 9HEp-
ruii croinkHoBeHusa 10 u 100 k3B.

KiroueBbie c10Ba: MOH-aTOMHasI CTOJIKHOBHUTEIbHAS CUCTEMA, SHEPTI €TUYECKUI MTOIXOT

EHEPTETUYHIN MIJIXIJI 10 BUBYEHHSA ITPOIIECIB 3AXOIJIEHHS EJIEKTPOHY
TA IOHI3AIIIT B IOH-ATOMHIN CUCTEMI 13 3ITKHEHHAM

A. B. Jlo6oda

AnoTtania. EHepreTMUHUI MiAXin y3araJbHEHO 3 METOI PO3PaxXyHKY Mepepizy 3axOIIeHHS
€JIEKTPOHY B i0OH-aTOMHIll cucTteMi y ctaHi 3iTkHeHHsa H*+ H(1s).. YucenbHi OLiIHKA OTpHUMaHi
1151 eHepriii 3itkaeHHs 10 i 100 keB.

KiouyoBi ciioBa: ioH-aToOMHa cMCTeMa i3 3iITKHEHHSIM, €HePTeTUYHUIA MiaxXig



O. B. JIamrenko

AKYCTOEJIEKTPOHHI CEHCOPH

ACOUSTOELECTRONIC SENSORS

YK 539.2:539.4
PACS 43.40.LE, 85.30.—Z, 73.40.VZ

JTUHAMIKA AKYCTUYHOI EMICII Y JIOKAJTbHO-HEOJIHOPITHO
TEPMOHAIIPYXKEHUNX 'ETEPOCTPYKTYPAX

O. B. JTawmenxo

KuiBcbkuii HallioHabHUM yHiBepcuTeT iMeHi Tapaca IlleBueHka,
03680, m.Kwuis, mip. Imymkosa, 2/1,
e-mail: lyashenk@univ.kiev.ua

JIMHAMIKA AKYCTUYHOT EMICII ¥ JIOKAJTbHO-HEOJHOPIJTHO TEPMOHAITPYKEHUX
T'ETEPOCTPYKTYPAX

O. B. JIawmenxo

Anotamnig. B po0oTi nmpoBeeHo aHai3 AUHAMIKM aKyCTUYHOI eMicii, 110 CyTTpOBOIKXYE Jerpa-
Jallito i JJoKaJIbHi Mpolecy penakcallii Ta 1e(peKTOyTBOPEHHS B JIOKaJIbHO-HEOIHOPIZHO TEPMOHA-
npy:keHux rerepoctpykrypax InGaN/GaN ta GaAsP/GaP 1ipu mOKpOKOBOMY 30ibILIEHHI TTPSIMOTO
nocriitHoro ctpyMmy. [loka3aHo, 1o nuHamika AE 1o0pe y3romKy€eTbCcs 3 OCHOBHMMU BHUCJIOBIIE-
HUMU npunyueHHsIMu — AE € neTepMiHOBaHUM B Yaci XaOTUYHUM peJlaKcallifHUM TIPOLIECOM,
napameTpu AE 3anexarts BiJ BEIMYMHU 3MiHU Ta IIBUIKOCTI 3MiHU PiBHS 30BHIIITHHOTO (hiKCOBa-
HOI'0 HaBaHTaXXEHHS, KiJIbKOCTi OMHOTUITHUX IxKepesl AE, akTMBOBaHMX 1LIUM BIUIMBOM Ha MpPOTA3i
yacy 1oro fii, a TaKoX JUCIepciero JesiKux mapamMeTpiB umx mxkepen AE.

KiouoBi ciioBa: nHaMiKa akyCTUYHOI eMicii, reTepoCcTpyKTypa, 1e(heKT

THE DYNAMICS OF ACOUSTIC EMISSION IN LOCALLY-IS NON-UNIFORMLY THERMO
STRAINED HETEROSTRUCTURES

0. V. Lyashenko

Abstract. In operation the analysis of dynamics of an acoustic emission that accompanies with
degradation and local processes of a relaxation and a defect formation in locally-is non-uniformly
thermostrained heterostructures InGaN/GaN and GaAsP/GaP at step-by-step magnification of a di-
rect current is lead. It is shown, that dynamics AE is well coordinated with the basic guesses — AE is
the chaotic relaxation process determined in time, parameters AE depend on quantity of change and
velocity of change of a level of the exterior fixed loading, quantity of the same sources AE activated
by this influence during time of its activity, and also a variance of some parameters of these sources
AE

Keywords: The dynamics of acoustic emission, heterostructure, defect

© O. B. JIamenxko, 2009
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JTMHAMUKA AKYCTUYECKOI DMUCCUU B JOKAJIbHO-HEOJHOPOIHO
TEPMOHAITPSZKEHHBIX TETEPOCTPYKTYPAX

O. B. JIamenrxo

Annotamusa. B pabote npoBeneH aHaIM3 AMHAMMKY aKyCTUYECKOU SMUCCUM, YTO COMPOBOXK-
JAET NEerpajalliio U JJOKAJIbHBIE MPOLIECCH pefakcauuu U AedheKToo0pa3oBaHUs B TOKAIbHO-HeE-
OTHOPOJIHO TePMOHAMPSKEHHBIX reTepocTpykKrypax InGaN/GaN w GaAsP/GaP nipu moiaroBoM
YBEJIWYEHUHU TIPSIMOTO MTOCTOSTHHOTO Toka. IToka3zaHo, yro nuHamuka AE Xopoliio corjiacoBbiBa-
€TCS C OCHOBHBIMM TpeanosioxeHussMu — AE sBisieTcsl 1eTepMUHUPOBAHHBIM BO BPEMEHM Xa-
OTUYECKUM peJlaKCAllMOHHBIM MpolieccoM, apaMmeTpbl AE 3aBUCST OT BEIUYMHBI UBMEHEHUS U
CKOPOCTM M3MEHEHMsI YPOBHS BHEILIHEN (PUKCUPOBAHHOW Harpy3ku, KOJMYECTBA OTHOTUITHBIX
UCTOYHUKOB AE, aKTUBUPOBAaHHBIX 3TUM BJIMSIHUEM B TE€YEHUE BPEMEHU €ro JEUCTBUS, a TaKXKe
JIUCTIepCcHreil HEKOTOPBIX TapaMeTPOB 3TUX UCTOUYHUKOB AE

KnrouoBble clioBa: TMHAMUKA aKyCTUYECKOI SMHUCCHUM, TeTePOCTPYKTYpa, IeeKT



B. I. ®enis, 1. C. JaBunenko, A. M. CaBuyk, M. M. Mapuenko, T. A. CaBuyk

BIOCEHCOPU

BIOSENSORS

YK 616-008.9-073

BUKOPUCTAHHA HAITIBMATHITHHUX HAIIIBITPOBI/IHUKOBUX
HAHOYACTHUHOK JIJI BI3YAJII3AIIIL
CTPYKTYP BIOJIOI'TYHUX TKAHNH

B. I. ®edié’, I. C. Jlasudenxo’, A. H. Casuyx?, M. M. Mapuenxo?, T. A. Casuyx?

! ByKOBMHCBKMI Tep:KaBHUIA MEIUUYHUI YHIBEPCUTET,
KobunsuHcenka 42, Yepninii, 58000, Ten.. 8-0372-524544
2YepHiBeLIbKUIA HallioHabHUI YHiBepcuTeT iM.HO.DeabkoBuya
Komroomnacepkoro 2, YepHiBwi, Ykpaina, 58012, ten.. 8-0372-584755
e-mail: vfediv@mail.ru, savchuk@chnu.cv.ua

BUKOPUCTAHHSA HAITIBMATHITHUX HAIIIBITPOBITHUKOBUX HAHOYACTUHOK
JIJIA BI3YAJIIBALIT CTPYKTYP BIOJOTTYHUX TKAHUH

B. I. ®edis, I. C. laudenxo, A. H. Casuyx, M. M. Mapuenxo, T. A. Casuyx

Anotamig. [Tpy onTUMaNTbHUX YMOBaX CUHTE3y OTPMMAHO KOMILJIEKC HAaHOYACTUHKA HarliBMar-
HiTHOro HamiBIpoBigHuka CdMnS — MepkanToeTaHodA. YTBOPeHHSI HAHOYACTUHOK IMTPOKOHTPO-
JIbOBAaHO ONTUYHUMM MeTodaMu. BusBieHo He3alexXHiCTh po3MipiB HAHOYACTUHOK BiJ KOHIIEH-
Tpalil BUXiTHUX KOMITOHEHT y miama3oHi 5:10% — 5:102 monb/n. Jesaki cTpyKTypu GioJOorivHUX
TKaHWH BUSIBJIEHI CEJIEKTMBHOIO JIOMiHECIIEHTHOIO Bidyasli3alli€lo 3 BAKOPUCTAHHSIM HaHOYACTH-
HOK Ha MPUKJIaIi AOCTiIKEHb TiCTOJIOTIYHUX 3pi3iB IUIalleHTApHOI TKAHUHU.

KiouyoBi ciioBa: HaHOYaCTUMHKA, HalliBMarHiTHUIA HaIMliBOPOBiAHUK, JIIOMiHECLICHLIisl, OioJIoriu-
Ha TKaHWHa, 6ioceHcop

APPLICATION OF SEMIMAGNETIC SEMICONDUCTOR NANOPARTICLES FOR VISUALISATION
OF BIOLOGICAL TISSUE STRUCTURES

V. I. Fediv, 1. S. Davydenko, A. I. Savchuk, M. M. Marchenko, T. A. Savchuk

Abstract. Complex type of semimagnetic sesmiconductor nanoparticle CdAMnS — mercaptoetha-
nol has been obtained at optimum synthesis conditions. Formation of nanoparticles was monitored
by optical methods. It is shown independence of the size nanoparticles from concentration initial a
component in a range of 5-10 — 5-10-2mol/L. Some structures of biological tissue were revealed on
selective luminescent visualisation of the synthesized nanoparticles by applying to study of histologi-
cal section of a placental tissue.

Keywords: nanoparticle, semimagnetic semiconductor, luminescence, biological tissue, biosen-
sor

© B. 1. ®exis, 1. C. JaBunenko, A. M. CaBuyk, M. M. Mapuenko, T. A. CaBuyk, 2009
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NCITIOJb30BAHUE ITOJTYMATHUTHBIX ITIOJTYITPOBOJHUKOBIX HAHOYACTUL]
JIIA BU3YAJIU3ALIAU CTPYKTYP BUOJIOTUYECKUX TKAHEN

B. U. ®eous, H. C. Jlagvidenko, A. H. Casuyx, M. M. Mapuenxo, T. A. Casuyx

Annotamus. I[Tpy onTUMaIbHBIX YCIOBUSIX CUHTE3a MOJYYEHO KOMIUIEKC HaHOYaCTHUIIA MOJTy-
MarHuTHOTro moayrnpoBogHuka CdMnS — MepkanTosTaHoJ. ONTUYECKUMUA METOJAaMU TTPOKOH-
TpPOJUPOBaHO (popMUpoBaHUe HaHOYACTUII. [ToKa3aHO HE3aBUCUMOCTh Pa3MEPOB HAHOYACTUIL OT
KOHIIEHTPAIIMX UCXOIHBIX KOMIIOHEHT B muama3oHe 5-10* — 5:10-2 Mmonb/i1. HekoTophie CTpyKTY-
PbI OMOJIOTUYECKUX TKAaHEH BBISIBIIEHBI CEJIEKTUBHOM JIOMUHECIIEHTHOM BU3yaln3aluen ¢ ToMo-
11IbI0 HAHOYACTUII, Ha TIPUMEPE UCCIECIOBaHNI TMCTOJOTMYECKUX CPE30B IIalleHTApHOU TKaHU.

KiioueBsble cioBa: HaHoO4YacTHhna, HOJIYMaFHI/ITHblﬁ IIOJIYIIPOBOJHMUK, JTIOMMHCCUCHII A, ouoo-
I'M4YCCKasA TKaHb, 61/IOC€HCOp
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KPUCTAJIITYHA CTPYKTYPA TA MATHITHI BJIACTUBOCTI CIIJIABIB
TBEPANX PO3YNHIB Y CUCTEMI Tm-Ge-Si

P. C. Kozax', C. 4. Ilykac', IO. K. Iopeaenxo’, P. €. Inadumescoruii’,
JI. B. Jlaboexa?, JI. 1. Ilanvkie®, B. M. I{mouw?

'Kadenpa HeopraHiuHoi XiMii JIbBIBCbKOI0 HalliOHaJILHOTO YHiBeEpcUTETY iMeHi IBaHa ®paHka,
Bys. Kupuna i Medomnis, 6, 79005 JIbBiB, Ykpaina
e-mail: s_pukas@franko.lviv.ua
2HaykoBo-aoci1igHa JabopaTopist MaTepiajiiB TBEpAOTUILHOI MiKPOETEKTPOHIKH,
JporoouibKmii JepskaBHU TTeJaroriaHmnii yHiBepcuTeT iMeHi IBaHa ®panka,
Bya. I. ®panka, 24, 82100 JIporoony, Ykpaina
e-mail: lyuda_pankiv@mail.ru

KPUCTAJITYHA CTPYKTYPA TA MATHITHI BJJACTUBOCTI CILIJIABIB
TBEPIUX PO3YUHIB Y CUCTEMI Tm-Ge-Si

P. C. Kozak, C. A. Ilykac, IO. K. Iopeaenko, P. €. Iadumescokuii,
. B. Jlaboexa, JI. I. Ilanvkie, B. M. IImoup

Anorania. CruiaBu TBepaIuX po3unHiB y cucteMi Tm-Ge-Si JOCITiIKeHO MeTOIaM1 PEHTTEeHIBCh-
Koi mudpaxkiii i mar"itHoi cnpuitHaTInBocTi (MC). BecTaHOBIeHO, 10 KpUCTalliYHA CTPYKTypa
JaHMX CIUIaBiB HAJIEXUTh JI0 FEKCArOHaJIbHOIO CTPYKTYpHOTro TUIty AlB,, y sIKiii 1711 aTOMiB Maioro
po3mipy (Si, Ge) xapakTepHa TPUTOHAJIBLHO-IIPU3MaTUYHA KoopauHailisa. Pe3ynsrati BUMipioBaHb
MC B 3anexHocrTi Big TemnepaTtypu (80-800 K) Ta Hampyxenocti maraitHoro 1o (0,5-4,0 kE)
CBiguaTh PO HAsIBHICTh MapaMarHiTHOI CKJIag0Boi, s1Ka 100pe onucyeThes 3akoHoM Kiopi-Beiicca
i He 3aJIeXXUTh BiJ, HAPY>XKEHOCTi MarHiTHOro nosjsi. Takox BU3HAa4Y€Hi MarHiTHiI XapaKTepUCTUKU
JTOCITIIKyBaHNX MaTepiaimiB (rmapameTtp Beiicca, edpekTmBHMIT MaTHITHIIT MOMEHT Ha (hOPMYITBHY
oauHUI0 i KoHcTaHTa Kropi).

Kirouosi cioBa: kpucrangiyHa CTpyKTypa, TBEpAUM PO3UMH, MarHiTHA CIIPUIHSATIMBICTb, Mapa-
MarHeTHu3Mm

CRYSTAL STRUCTURE AND MAGNETIC PROPERTIES OF SOLID SOLUTIONS
IN THE Tm-Ge-Si SYSTEM

R. S. Kozak, S. Ya. Pukas, Yu. K. Gorelenko, R. E. Gladyshevskii,
D. V. Labovka, L. 1. Pan’kiv, V. M. Tsmots

Abstract. Solid solutions in the Tm-Ge-Si system have been studied by X-ray diffraction data and
magnetic susceptibility (MS) techniques. It was found that the crystal structure of the alloys corre-

© P. C. Koszak, C. 4. Ilykac, 0. K. Topenenko, P. €. IlnagumeBchkui,
. B. JIaboska, JI. 1. ITanskis, B. M. IImorib, 2009
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sponds to the hexagonal type AlB,, in which tri-capped trigonal prism coordination is observed for
the small atoms (Si, Ge). The results of MS measurements as a function of temperature (80-800 K)
and magnetic field (0.5-4.0 kOe) show the existence of a field-independent paramagnetic compo-
nent well described by the Curie-Weiss law. The magnetic characteristics of the materials (Weiss
parameter, effective magnetic moment per formula unit and Curie constant) were also determined.

Keywords: crystal structure, solid solution, magnetic susceptibility, paramagnetism

KPUCTAJUIMYECKASI CTPYKTYPA I MATHUTHBIE CBOMICTBA
CIIIABOB TBEPIBIX PACTBOPOB B CUCTEME Tm-Ge-Si

P. C. Kosak, C. 4. Ilykac, 0. K. Iopeaenxo, P. E. Ihadvimesckuil,
JI. B. Jlabosxa, JI. H. Ilanvkue, B. M. Ilmoup

Annotanus. CrijiaBbl TBEPABIX pacTBOpPoB B cucteMe Tm-Ge-Si nccienoBaHbl METOIAMU PEH-
TreHOBCKON Nu(pakunyd U MarHuTHON BocripuumuyuBoctu (MB). OO0HapyXeHOo, 4YTO KpucTai-
JIMYECKas CTPYKTYpa JaHHBIX CIUIABOB NPMHAIUIEXUT K reKcaroHaibHoMy Tuiy AlB,, B KoTopoii
JIJIsT aTOMOB MaJibix pa3MmepoB (Si, Ge) xapakTepHa TPUTOHAIBHO-IIPU3MaTUIHASI KOOPAWHAIIUS.
PesyabsraTel uamepenuii MB B 3aBucumoctu ot Temrmepatypsl (80-800 K) 1 HanpsisKeHHOCTH Mar-
HutHoro noJjs (0,5-4,0 KB) cBUIETENbCTBYIOT O HAIMYUM ITapaMarHUTHOM COCTaBJISIONIEe, KOTO-
Ppasi Xopolllo onuckiBaeTcs 3akoHoM Kiopu-Beiicca 1 He 3aBUCHUT OT HAIIPSKEHHOCTU MATHUTHOTO
noJjst. Takke onpenesieHbl MAarHUTHBIE XapaKTePUCTUKU UCCIEIOBAaHHBIX MaTepUajoB (IlapaMeTp
Beiicca, apdekTUBHBIN MAarHUTHBIE MOMEHT Ha (POPMYJIbHYIO €IMHUILY U KOHcTaHTa Kiopn).

KioueBbie ciioBa: KpucTauimdeckasi CTpYKTypa, TBepIblii pacTBOP, MAarHUTHAsI BOCIIPUMMYN -
BOCTb, ITApaMarHeTU3M
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JNOCJIIKEHHS TEMITEPATYPHUX 3AJIEXKHOCTEN EJJEKTPUYHOTO
OIIOPY HAIIIBITPOBITHUKOBUX CETHETOEJIEKTPUYHUX
KPHUCTAJIIB Sn.P,S,

0. I. Taeyp

Yxropoacbkuii HallioHaJIbHUM yHiBepcuTeT, ByJI. [liaripHa, 46, Yxxropon 88000, Ykpaina
e-mail: tyagur@mail.uzhgorod.ua

JOCIIXKEHHA TEMITEPATYPHUX 3AJTEXKHOCTEN EJTEKTPUYHOI'O OIIOPY
HAIIIBITPOBITHUKOBUX CETHETOEJTEKTPUYHUX KPUCTAJIIB Sn,P,S,

I10. L. Taeyp

Anotamig. JlocmimkeHi 3a1eXHOCTI eJeKTpUudHoro omnopy ( R ), BiZTHOCHOrO TeMIIEpaTypHOIrO
Koe(DillieHTy eIeKTPUYHOTO Oropy (o) Bil TeMIeparypu Ui Kpucraiis Sn,P,S.. BeranosieHo,
1110 TIPU 3POCTaHHi TeMIlepaTypu 3alexXHicTh R(T) eKCIOHEHIiaIbHO 3MEHIIYEThCS 3 PI3HUMU
TePMiYHMMU KOHCTaHTaMM (B). BuzHauyeHi KOHCTaHTU (B) Ta €Heprisl 3ajsaraHHs TOMIIlIKOBUX
PiBHIB B CeTHETOCJIEKTPUYHIli Ta mapaeJieKTpuuHiii (pazax. BctaHoBeHO, 1110 KoeilieHT (o ) Ma€e
BEJIMKIi 3HAUEHHS B CETHETOCJIEKTPUYHIN i TapaeeKTpUUHii (pa3ax, a TAKOX IMPOSIBISIE aHOMAJTiIO
B OKOJIi TOYKH (pa3oBoro mnepexomy. O0UMCIeHO eHepTiio JOMIIIKOBUX PiBHIB, sIka B cerHeToda3si €

piBHOWO E, , =0.12¢B, E, , =1.17eB, aB mapadasi — E; ,, =0.87¢B.

KnouoBi ciioBa: cerHeToeIeKTpUYHI KPUCTANIM, JIEKTPUIHUI OTIip, TeMIIepaTypa, €Heprist

INVESTIGATIONS OF TEMPERATURE DEPENDENCES OF ELECTRICAL RESISTANCE
OF Sn,P,S. FERROELECTRIC SEMICONDUCTOR CRYSTALS

Yu. Tyagur

Abstract. Dependences of electrical resistance (R) and relative temperature coefficient of elec-
trical resistance (o ) versus temperature are investigated for Sn,P,S, crystals. It is established that
with increasing temperature, dependence R(T) exponencially decreases with different thermical
coefficients (B). In this work coefficients (B) and energy of the doped levels are obtained for fer-
roelectric and paraelectric phases. It is established, that coefficient (o ) has high values in both
phases and also in the vicinity of the phase transition point the anomaly occurs. The energy of the
doped levels is calculated: in ferroelectric phase E, , =0.12¢V, E, , =1.17eV, and paraelectric
phase £, , =0.87el .

Keywords: ferroelectric crystals, electrical resistance, temperature, energy

UCCIEJOBAHUA TEMITEPATYPHBIX 3ABUCHUMOCTEW SJIEKTPUYECKOTO
COTPOTUBJIEHUSI CETHETODJIEKTPUYECKUX — TTOJTYITPOBOJHAKOBBIX
KPUCTAJUJIOB Sn,P,S,

10. U. Tazyp

AnnoTtamus. MccnenoBaHbl 3aBUCMMOCTH 3JIEKTPUUYECKOTO COMPOTUBJICHUS ( R ), OTHOCUTEIb-
HOro TeMIlepaTypHOro Ko3¢@uiiMeHTa 3JIeKTPUYECKOro CONMPOTUBIeHUS (o) OT TeMIepaTyphl
11t Kpucraaio Sn,P.S . YcraHOBIEHO, Y4TO TIPY YBEIMYEHUU TEMITEPATyphl 3aBUCUMOCTb R(T')
SKCMOHEHIIMAILHO YMEHBIIAETCS ¢ Pa3IMUHBIMU IO 3HAYEHUIO TEPMUYECKUMU KOHCTAHTAMM

© 10. I. Taryp, 2009



IO. I. Taryp

(B) . OnpenesieHbl KOHCTaHbI (B) U 3HEPTUS MPUMECHBIX YPOBHEU B CETHETORJEKTPUUYECKOU U
napasyieKTpuueckoi ¢azax. YCTaHOBIEHO, UTO KO3 duIMeHT (o ) uMeeT OOJbline 3HAYeHUs B
CETHETORJIEKTPUUYECKON U TMapal’ieKTpUYecKoi (ha3ax, a TakxkKe MpOSBISIET aHOMAIUIO B OKOJE
TOUYKHU (pa3oBoro nepexoga. PaccumtaHo aHepruto NpuMeCHbIX YpOBHEM, KOTopasi B cerHeTodase

paBHa — E, , =0.122B, E, , =1.179B, a B napadaze — E; , =0.8725.
KmoueBbie €10Ba: CETHETONEKTPUUECKUE KPUCTAILIBI, JIEKTPUYECKOE COIPOTUBIECHUE, TEM-

reparypa, SHeprust
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TEXHOJNOIA BUPOBHNUTBA CEHCOPIB

SENSORS PRODUCTION TECHNOLOGIES

YIK 621.315.592

CTBOPEHHA I BIACTUBOCTI EJIEKTPUYHNX KOHTAKTIB
Al T Au HA TOHKOILTIBKOBOMY Zn,_Mn O

B. B. Xomak

YepHiBeubKuii HallioHaILHUH YHiBepcuTeT iMeHi FOpis @enpkoBuua
Bys1. KomoouHcbKoro 2, semicon@chnu.cv.ua

CTBOPEHHA I BTIACTUBOCTI EJIEKTPUYHNX KOHTAKTIB
AlT Au HA TOHKOILIIIBKOBOMY Zn, Mn O

B. B. Xomax

Anotamig. JlocmimkeHo eneKTpUUHI XapaKTepUCTUKM KOHTAaKTiB MeTalliB Au i Al HaHeCceHUX
Ha BUpoleHi BU-MarHeTpoHHUM pO3IUIIOBAHHAM TOHKI 1Bk Zn,_Mn O. BeraHosneHo, 1o
XiMiyHa 00poOKa MOBEpPXHi Mepea MeTalizallielo MPUBOAUTD 10 3MEHIIIEHHS TUTOMOIO KOHTaK-
THOTO OIOPY 3a PaXyHOK YTBOPEHHSI TOHKOIO IIPUIIOBEPXHEBOIO 30arayeHoro eJleKTpoHaMu 1 -
11apy, a TaK0X 3a paxyHOK CTBOPEHHSI Ha TTIOBEPXHi OiUIbIIOI T'YCTUHU BaKaHCilt KUCHIO.

Ko40Bi ciioBa: okcuI HMHKY, TOHKI TUTiBKY Zn, Mn O, eJeKTpUYHUiA KOHTAKTHUI OTTip

CREATING AND PROPERTIES OF ELECTRICAL CONTACTS
OF AIAND Au ON THE Zn, Mn O THING FILMS

V. V. Khomyak

Abstract. Electrical characteristics of Au and Al metal contacts on the Zn, Mn O thin films,
grown by high-frequency magnetron sputtering have been investigated. It has been established that
chemical treatment before metallization leads to the decrease of specific contact resistance because
of the creation of thin near-surface n*-lager, enriched by electrons as well as because of larger density
of oxygen vacancies on the surface.

Keywords: zinc oxide, Zn, Mn O thin films, electrical contact resistance

© B. B. Xowmsk, 2009
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CO3JJAHUE W CBOVICTBA EJTJEKTPUYECKMX KOHTAKTOB Al U1 Au
HA TOHKOILTEHOYHOM Zn, Mn O

B. B. Xomak

Annortamusa. MccienoBaHo 37eKTpUUECKUE XapaKTePUCTUKM KOHTAaKTOB MeTaJlJIoB Au U Al Ha-
HECEHHBIX Ha BbIpallieHHble BU-MarHeTpOHHBIM pacIbIEHUEM TOHKHUE TIJIEHKHU an_anxO. Vera-
HOBJIEHO, UTO XMMHUUYECKasi 00pab0oTKa MOBEPXHOCTH Mepea MeTaNIM3alMeil MPUBOIUT K YMEHbIIIe-
HUIO YAEJbHOIO KOHTAKTHOT'O COMPOTUBIIEHUS 32 CUeT 00pa30BaHMsI TOHKOTO MPUIIOBEPXHOCTHOTO
000ralIeHHOTO 3JeKTPOHAMU A -CJI0s, a4 TaKXKe 32 CUeT 00pa30BaHUS Ha MOBEPXHOCTHU OOJIbIIEH
TUIOTHOCTHU BaKaHCUI KHUCIOPOIa.

KiioueBblie Cj10Ba: OKCU]L, IINMHKAa, TOHKHEC IIJICHKN Zn]_anxO, QJIICKTPHUYCCKOC KOHTAKTHOC CO-
IIPOTHUBJICHUC



H. A. Kynuii, H. IT. Knouko, I. C. XpunyHos, H. A. KostyH, K. FO. KpukyH, E. K. benoHnoros

YIK 621.383:537.221

PASPABOTKA IIVIEHOYHBIX CJIOEB CYJIb®UJIA KAAMUA
JJIA ODKOHOMUYHbLIX COJTHEYHbBIX SJIEMEHTOB

. A. Kyouii, H. II. Kaouxko, I. C. Xpunynos, H. A. KoemyH,
K. IO. Kpukyn, E. K. beaonozoe*

HammonanpHBIN TEXHUUECKNI YHUBEPCUTET “ XapbKOBCKUH TMTOJIMTEXHUIECKUIT MHCTUTYT”,
Xapbkos, yi. ®pynse 21, 61002. kudiy@ukr.net
*BopoHEeKCKIIT rocyTapCTBEHHBIN TEXHUYECKUI yHUBepcuTeT, BopoHexk, MoCKOBCKMIA TIPOCTIEKT 14.
belonogov@phys.vorstu.ru

PA3PABOTKA ITJIEHOYHBIX CJIOEB CYJIb®UIA KAAMMUSA J1JIS1 DKOHOMUNYHBIX
COJHEYHBIX BDJIEMEHTOB

. A. Kyouii, H. I1. Kaouxo, I. C. Xpunynos, H. A. Koemyn, K. I0. Kpuxyn, E. K. beaonozos

AnnHoTtamms. MccienoBaHo CTpYKTYpPHBIE M ONTUYECKUE CBOMCTBA IJICHOK CyJbduaa Kaamusl,
MOJIyYEHHBIX METOIOM XMMMUUYECKOTO OCaXIeHUs U3 pacTBopa. CTpyKTypHbIE IlapaMeTphbl OIlpe-
JeJIeHbl peHTTeHAN(PPAKTOMETPUIECKUM METOIOM, B KOTOPOM 00JIACTH KOTEPEHTHOIO paccerBa-
HUA (0.K.p.) U MUKpoAedhOopMaluy OIpeIeIsiIiCh MyTeM aHATUTUYeCKO 00pabOTKU OTAEIbHBIX
pentreHaudpaxkrorpamm. [IpoBeneHa MaTeMaTuyeckass 00pab0OTKa CIIEKTPOB MPOITYCKAHMSI CJIOEB
cyabduma kanmusa. Kpucramimueckast CTpyKTypa U ONTUYECKHME CBOMCTBA MCCIICAOBAHHBIX ILJIe-
Hok CdS ornpenensitoTcs TOJIMHON U TeXHOJIoruel ocaxxaeHus ciaoen CdS.

KnoueBbie clioBa: XMMMYECKOE OCaXKIECHME, peHTTeHIN(PPaKTOMETPUISCKUI METO, 00JIaCTh
KOT€PEHTHOTO pacCeUBaHMsI, MUKPO neopMallnii

PO3POBKA INUIIBKOBUX HIAPIB CYJIb®IAY KAJIMIIO 111 EKOHOMIYHUX
COHAYHUX EJIEMEHTIB

. A. Kyodiii, H. 11. Kaouko, I. C. Xpunynoe, H. A. Koemyn, K. IO. Kpukyn, €. K. beaonozo6

Anotamnis. /{ocmimkeHo CTpYyKTYpHI i OITUYHI BJIACTUBOCTI IUIiBOK CyIb(dimy Kammito, oTpuMa-
HUX METOIOM XiMIiYHOTO OCaIXKeHHS 3 po3unHy. CTpyKTypHi ITapaMeTpy BU3HAYEHi peHTreHaud-
PAaKTOMETPUYHAM METOIOM, B SIKOMY O0JIACTi KOT€peHTHOTO PO3CisIHHS (0.K.p.) Ta Mikpomedop-
Mallil BUBHAYAJIMCh LIJIIXOM aHAIITUYHOI 00pOOKM OKpeMuX peHTreHaudpakrorpam. IIposeneHa
MareMaTU4YHa 0OpoOKa CIEKTpiB NPOMYCKaHHS 1IapiB cyabdiny Kaamito. KpucraniuHa cTpyKTypa
Ta ONTWYHI BIACTUBOCTI HOCHiIKeHUX IUIiBOK CdS BM3HAYAIOTHCS TOBIIMHOIO Ta TEXHOJIOTIEIO
ocamxkeHHs mapiB CdS.

Kirouosi ciioBa: xiMmiuHe ocamKeHHS, peHTre HIuMpaKTOMETPUYHUN METO, 00J1aCTh KOTePEHT-
HOT'O pO3CisIHHS, MiKpoaedopMmalrii

Kymuii, H. I1. Kimouko, I. C. Xpunysos, H. A. KoBTyH,

© O.A.
K. 10. KpukyHn, E. K. Beixonoros, 2009
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FILM LAYER SULFIDE CADMIUM DEVELOPMENT FOR ECONOMIC SOLAR CELLS
D. A. Kudiy, N. P. Klochko, G. S. Khrypunov, N. A. Kovtun, K. Y. Krikun, E. K. Belonogov

Abstract. The structural and optical properties CdS films, which received by the chemical de-
position from solution, are investigated. The structural parameters are determined by the X-Ray
difractogram method, which the definition of dispersion cogerent areas and microdeformations
were defined by analytical processing X-Ray difractogram. The mathematical processing of CdS
layers transmittion specters are carried out. The crystal structure and optical properties investigated
CdS films are defined by the thickness and deposition technology CdS layer.

Keywords: Chemical deposition, X-Ray difractogram method, dispersion cogerent area, micro-
deformations
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Electrically Active Magnetic Nanoparticles for
Concentrating and Detecting Bacillus anthracis Spores
in a Direct-Charge Transfer Biosensor

Pal, S. Setterington, E.B. Alocilja, E.C.

On page(s): 647-654

Abstract

Bacillus anthracis, the causative agent of anthrax, is con-
sidered as one of the most important pathogens in the list
of bioterrorism threats. This paper describes the synthesis
of electrically active magnetic (EAM) nanoparticles and
their application in a direct-charge transfer biosensor for
detecting B. anthracis Sterne endospores. These EAM
nanoparticles were synthesized from aniline monomer
made electrically active by acid doping and gamma iron
(IIT) oxide nanoparticles resulting in nanomaterials with
diameters ranging from 50 to 200 nm. Room tempera-
ture hysteresis measurements of the synthesized nano-
materials using a quantum design MPMS SQUID mag-
netometer showed that their saturation magnetization
values were between 61.1 and 33.5 emu/gm. The struc-
tural morphology of the nanomaterial was studied using
transmission electron microscopy and the electronic dif-
fraction patterns were observed to determine their crys-
talline nature. The EAM nanoparticles were coated with
antibodies specific to B. anthracis Sterne endospores
and used to capture the target antigen from varying spore
concentrations ( to ) by applying a magnetic field. The
immunomagnetically captured spores were then applied
to a direct-charge transfer biosensor having a dimen-
sion of 5 mm x 60 mm. The detection of the spores was
based on the capillary flow of the captured spores aided
by a direct-charge transfer of the EAM nanoparticle.
The electric signal generated was recorded for 6 min in
a reagentless process. The biosensor was able to detect
the presence of B. anthracis spores at a concentration of
4.2x10? spores/ml. Specificity studies were also carried
out to determine the biosensor responses in the presence
of nontarget antigens. This study shows the novel appli-
cation of EAM nanoparticles both as an immunomag-
netic concentrator and a transducer in a portable, easy to
use, biosensor that has the potential to be used as a rapid
detection device for defense and biosecurity.

74

A Versatile Biomolecular Charge-Based Sensor Using
Oxide-Gated Carbon Nanotube Transistor Arrays
Pandana, H. Aschenbach, K.H. Lenski, D.R. Fuhrer,
M.S. Khan, J. Gomez, R.D.

On page(s): 655-660

Abstract

Label-free deoxyribonucleic acid (DNA) hybridization
detection using carbon nanotube transistor (CNT) arrays
is demonstrated. The present scheme is distinguished
from other CNT sensing methods as it uses a gate oxide
overlayer on top of the carbon nanotubes, which func-
tion solely as charge sensors but are not participants in
the chemical binding process. Because it involves DNA
probe attachment on the gate oxide rather than on the
CNT, this approach allows the use of conventional DNA
functionalization and bioassay protocols, and is less
prone to false positives. The signal sought is a few tens of
millivolts in threshold voltage shift due to the increase of
surface charges after target hybridization. The hybridiza-
tion detection is shown to be highly specific and sensitive
to a minimum concentration of about 30 nM of 61-mer
DNA. Despite differences in the transistor properties due
to the spread in the CNT parameters during fabrication,
the yields are very high and the sensing characteristics
are uniformly consistent in nearly all transistors.

Systematic Aptamer-Gold Nanoparticle Colorimetry for
Protein Detection: Thrombin
Pandana, H. Aschenbach, K.H. Gomez, R.D.

On page(s): 661-666

Abstract

Gold nanoparticle colorimetry assay using aptamers is a
low cost and a highly effective means for detecting a wide
range of biomolecular targets. In this work, this tech-
nique is used to detect the protein thrombin as a model
system for understanding the relationship between the
aptamer-target binding properties and the optical colori-
metric response, as well as to gain insight on the second-
ary structures of the aptamers. The two known aptamers
for thrombin, the 15-mer Bock and the 29-mer Tasset
aptamer were conjugated to gold nanoparticles to form
complexes that bind to thrombin upon contact. The Bock
aptamer causes the aggregation of the nanoparticles and
the concomitant reduction of the plasmon resonance
peak, whereas the 29-mer Tasset aptamer, despite higher
affinity, does not cause a spectral change. The data is
understood on the basis of the difference in the number



Sensor Electronics and Microsystem Technologies. 2/2009

of binding sites available on thrombin for the respective
aptamers. Additional results on single base substitutions
suggest that the G-quadruplex secondary structure in the
Bock aptamer is intermolecular and comprises of at least
two interacting aptamer molecules. An estimate of the
dissociation constant, derived from thrombin titration, is
comparable to values reported in the literature.

The Effect of Frequency Sweeping and Fluid Flow on
Particle Trajectories in Ultrasonic Standing Waves
Lipkens, B. Costolo, M. Rietman, E.

On page(s): 667-677

Abstract

Particle concentration and separation in ultrasonic stand-
ing waves through the action of the acoustic radiation
force on suspended particles are discussed. The acoustic
radiation force is a function of the density and compress-
ibility of the fluid and the suspended particles. A two-
dimensional theoretical model is developed for particle
trajectory calculations. An electroacoustic model is used
to predict the acoustic field in a resonator, driven by a
piezoelectric transducer. Second, the results of the linear
acoustic model are used to calculate the acoustic radia-
tion force acting on a particle suspended in the resona-
tor. Third, a particle trajectory model is developed that
integrates the equation of motion of a particle subjected
to a buoyancy force, a fluid drag force, and the acoustic
radiation force. Computational fluid dynamics calcula-
tions are performed to calculate the velocity field that is
subsequently used to calculate fluid drag. For a fixed fre-
quency excitation, the particles are concentrated along
the stable node locations of the acoustic radiation force.
Through a periodic sweeping of the excitation frequency
particle translation is achieved. Two types of frequency
sweeps are considered, a ramp approach and a step-
change method. Numerical results of particle trajec-
tory calculations are presented for two configurations of
flow-through resonators and for two types of frequency
sweeping. It is shown that most effective particle separa-
tion occurs when the fluid drag force is orthogonal to the
acoustic radiation force.

Hybrid Micropower Source for Wireless Sensor Network
Yanqiu Li Hongyun Yu Bo Su Yonghong Shang

On page(s): 678-681

Abstract

Wireless sensor networks have become a very significant
enabling technology in many applications and the use of
environmental energy is a feasible source for low-power
wireless sensor networks. The challenges of develop-
ing a power supply including generation or conversion,
storage, and power management are manifold to extend

the lifetime of a wireless sensor network. The objective
of this research is to develop an intelligent hybrid power
system to realize a self-sustaining wireless sensor node.
The photovoltaic and thermoelectric generators are ad-
opted as energy converters. The lithium ion battery and
ultracapacitor are used as reservoirs. An intelligent power
management system has been developed to control the
power distribution. The design data and experimental re-
sults show that the hybrid micropower source can extend
the lifetime of a sensor network.

Sensor Support Systems for Asymmetric Threat
Countermeasures

Chung-Ching Shen Kupershtok, R. Adl,

S. Bhattacharyya, S.S. Goldsman, N. Peckerar, M.

On page(s): 682-692

Abstract

In the past, primary focus has been given to novel sen-
sor elements for deployment against urban terrorists and
in limited force engagements. The issue explored in this
paper is the adequacy of electronic system support for
these new sensing elements. For example, ad hoc distrib-
uted networks must lie dormant for long periods of time
and ldquocome aliverdquo when threats are nearby. This
presents a unique challenge in the storage, generation,
and management of power. In this paper, we demonstrate
designs of processor algorithms and telecommunication
protocols that alleviate current power-system shortcom-
ings for these stationary networks. These advances in-
clude: 1) low-power protocols for data fusion and fault
tolerance and 2) system-level energy modeling and
analysis. As a concrete example, we define a distributed
sensor support system for line crossing recognition. We
demonstrate that threat detection is a system-level prob-
lem. Single elements of the system chain individually
have small impact on overall performance. Through the
development of a preamplifier/amplifier chain for op-
timum signal-to-noise (S/N) ratio, we show the degree
to which system-level architecture can improve reliable
detection. Specifically, the use of sensor redundancy to
improve performance is analyzed from a statistical basis.

Electrospun Conducting Polymer-Based Sensors for
Advanced Pathogen Detection
Haynes, A.S. Gouma, P.1I.

On page(s): 701-705

Abstract

This paper focuses on the development of conducting
polymer hybrid sensors for pathogen detection for ad-
vanced medical diagnostics. Using the electrospinning
technique, polyaniline hybrids were developed for the
detection of gas and for pH monitoring to determine

75
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the suitability of these sensors for exhaled human breath
analyses. Results show that electrospun hybrids based on
leucoemeraldine based polyaniline exhibit sensitivity to
down to 1 ppm and for the first time, using emeraldine
salt polyaniline, demonstrate a conductimetric response
to changes in the headspace of aqueous solutions of vary-
ing pH. This manuscript discusses the response of these
hybrid systems to varying concentrations of pH and
NO,.

Advanced Agent Identification With Fluctuation-
Enhanced Sensing

Kwan, C. Schmera, G. Smulko, J.M. Kish,
L.B. Heszler, P. Granqgvist, C.-G.

On page(s): 706-713

Abstract

Conventional agent sensing methods normally use the
steady state sensor values for agent classification. Many
sensing elements (Hines , 1999; Ryan, 2004; Young,
2003;Qian, 2004; Qian, 2006; Carmel, 2003) are needed
in order to correctly classify multiple agents in mixtures.
Fluctuation-enhanced sensing (FES) looks beyond the
steady-state values and extracts agent information from
spectra and bispectra. As a result, it is possible to use a
single sensor to perform multiple agent classification.
This paper summarizes the application of some advanced
algorithms that can classify and estimate concentrations
of different chemical agents. Our tool involves two steps.
First, spectral and bispectral features will be extracted
from the sensor signals. The features contain unique
agent characteristics. Second, the features are fed into a
hyperspectral signal processing algorithm for agent clas-
sification and concentration estimation. The basic idea
here is to use the spectral/bispectral shape information
to perform agent classification. Extensive simulations
have been performed by using simulated nanosensor
data, as well as actual experimental data using commer-
cial sensor (Taguchi). It was observed that our algorithms
are able to accurately classify different agents, and also
can estimate the concentration of the agents. Bispectra
contain more information than spectra at the expense of
high-computational costs. Specific nanostructured sen-
sor model data yielded excellent performance because
the agent responses are additive with this type of sensor.
Moreover, for measured conventional sensor outputs,
our algorithms also showed reasonable performance in
terms of agent classification.

76

Fluctuation- Enhanced Sensing: Status and Perspectives
Schmera, G. Chiman Kwan Ajayan, P. Vajtai, R. Kish,
L.B.

On page(s): 714-719

Abstract

Both selectivity and sensitivity of chemical sensors can
be considerably improved by exploiting the information
contained in microfluctuations present in the sensor sys-
tem. We call our collection of methods and algorithms
to extract information from these microfluctuations,
fluctuation enhanced sensing. In this paper, we present
a short survey of results with Taguchi sensors, surface
acoustic wave devices, MOSFET-based sensors, and
nanosensors.

Nanomonitors: Protein Biosensors for Rapid Analyte
Analysis

Reddy, R.K. Bothara, M.G. Barrett, T.W. Carruthers,
J. Prasad, S.

On page(s): 720-723

Abstract

A technology for electrical detection of proteins has been
developed using electrical conductance measurements.
It is based on developing high density, low-volume mul-
tiwell plate devices. The scientific core of this technology
lies in integrating nanoporous membranes with micro-
fabricated chip platforms. This results in the conversion
of individual pores into wells of picoliter volume. Spe-
cific antibodies are localized and isolated into individual
wells. The formation of the antibody-antigen binding
complex occurs in individual wells. The membrane al-
lows for robust separation among individual wells. This
technology has the capability to achieve near real-time
detection with improved sensitivity and selectivity.

III-Nitride Heterostructure Layered Tunnel Barriers For
a Tunable Hyperspectral Detector

Bell, L.D. Tripathi, N. Grandusky, J.R. Jindal,

V. Shahedipour-Sandvik, ES.

On page(s): 724-729

Abstract

We report on the fabrication and characterization of
Ill-nitride layered tunnel barriers with applications for
a new type of tunable hyperspectral imaging detector
with intrinsically hyperspectral pixels. This would en-
able each pixel to be individually tunable in real-time
through a range of wavelengths, with the number and
width of spectral channels being dynamically adjustable.
Shape-engineered electron barriers fabricated from I1I-
nitride heterostructures allow barrier height to be varied
by application of a voltage. A spectroscopy of photon
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wavelength is enabled via the collection of photoexcited
electrons across this barrier. The device is envisioned for
tunable detection of ultraviolet through infrared wave-
lengths.

Synthesis of Ru-Ni Core-Shell Nanoparticles for
Potential Sensor Applications
Shuguang Deng Pingali, K.C. Rockstraw, D.A.

On page(s): 730-734

Abstract

Nanoparticles of Ru-Ni with a core-and-shell structure
were synthesized as potential sensors in a single-step
spray-pyrolysis process at 700-1000. The majority of the
core consists of ruthenium, while the shell is predomi-
nately composed of nickel. An aqueous precursor con-
taining ruthenium chloride and nickel chloride was neb-
ulized by an ultrasonic atomizer to generate an aerosol.
The aerosol droplets were subsequently decomposed to
form uniformly distributed Ru-Ni bimetallic nanopar-
ticles. Atomic fractions of precursors, solvent type and
process temperature play crucial roles in the formation
of core-and-shell structures.

Metal Oxide Nanowire and Thin-Film-Based Gas
Sensors for Chemical Warfare Simulants Detection
Ponzoni, A. Baratto, C. Bianchi, S. Comini, E. Ferroni,
M. Pardo, M. Vezzoli, M. Vomiero, A. Faglia,

G. Sberveglieri, G.

On page(s): 735-742

Abstract

This work concerns with metal oxide (MOX) gas sensors
based on nanowires and thin films. We focus on chemical
warfare agents (CWAs) detection to compare these ma-
terials from the functional point-of-view. We work with
different chemicals including simulants for Sarin nerve
agents, vescicant gases, cyanide agents, and analytes such
as ethanol, acetone, ammonia, and carbon monoxide
that can be produced by everyday activities causing false
alarms. Explorative data analysis has been used to dem-
onstrate the different sensing performances of nanowires
and thin films. Within the chosen application, our analysis
reveal that the introduction of nanowires inside the array
composed by thin films can improve its sensing capability.
Cyanide simulants have been detected at concentrations
close to 1 ppm, lower than the Immediately Dangerous
for Life and Health (IDLH) value of the respective war-
fare agent. Higher sensitivity has been obtained to simu-
lants for Sarin and vescicant gases, which have been de-
tected at concentrations close or even lower than 100 ppb.
Results demonstrate the suitability of the proposed array
to selectively detect CWA simulants with respect to some
compounds produced by everyday activities.

Optoelectronic Signatures of Biomolecules Including
Hybrid Nanostructure-DNA Ensembles

Vasudev, M. Yamanaka, T. Jianyong Yang Ramadurai,
D. Stroscio, M.A. Globus, T. Khromova, T. Dutta, M.

On page(s): 743-749

Abstract

Biological macromolecules such as DNA, proteins, and
polysaccharides often display unique absorptive signa-
tures in the THz region, useful in their identification and
imaging through Raman and Fourier transform trans-
mission spectroscopy. The optoelectronic properties of
nanostructure-DNA complexes immobilized on trans-
parent, semi-rigid substrates such as polymethyl meth-
acrylate (PMMA) have been studied. By chemically
modifying the PMMA substrates with amine terminal
groups and using suitable linking agents, amine termi-
nated DNA can be localized on these substrates. THz
Fourier transform transmission spectroscopy was used
to detect low-frequency vibrational modes (10-25 cm™)
within single- and double-stranded DNA molecules im-
mobilized on PMMA attached to TiO, nanoparticles.
Additionally, DNA strands end terminated with TiO,
nanoparticles are used in this study to cleave the DNA at
guanine (G) rich sites due to trapping of photo-induced
charge carriers from the TiO, at these sites. Theoretical
modeling of charge transport through DNA via polaron
transport is discussed in detail. By examining the vibra-
tional modes of DNA, as well as the transport of charge
in DNA this study underlies potential applications in-
volving DNA micro-arrays, DNA-based sensors, and
DNA-based THz devices.

High-T, Josephson Square-Law Detectors and Hilbert
Spectroscopy for Security Applications
Divin, Y. Poppe, U. Gubankov, V.N. Urban, K.

On page(s): 750-757

Abstract

Among various discussed ways of explosive detection,
the techniques using electromagnetic radiation are con-
sidered as having great potential and research activities
are recommended in this field. To identify new threats,
like liquid explosives, with low rate of false alarms, fast
spectral measurements are required in a broad frequency
range from microwave to terahertz. We attract attention
to a great potential of high-T  Josephson technology in
security applications and present our results in develop-
ing high-T_Josephson junctions for Hilbert spectroscopy
and detector arrays.
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Organizational Structure and Electronic Decoupling of
Surface Bound Chiral Domains and Biomolecules
Santagata, N.M. Pengshun Luo Lakhani, A.M. DeWitt,
D.J. Day, B.S. Norton, M.L. Pearl, T.P.

On page(s): 758-766

Abstract

For the development of reagentless biological and
chemical species detection at the single molecule level
using external fields, including terahertz radiation, it is
paramount to study model systems that uncover how in-
termolecular and molecule-surface interactions dictate
monolayer ordering and electronic properties. This pa-
per addresses two types of molecule-surface interactions
and two distinct molecular systems, both of which impact
our fundamental understanding of confined molecular
domains and single molecule detection. We will first dis-
cuss the ordering and electronic characteristics of a chi-
ral molecule, tartaric acid , weakly bound to an achiral
metal surface, Ag(111), as studied with low temperature
scanning tunneling microscopy (STM). This particular
molecule-surface system contains many key elements,
including hydrogen bonding interactions and stereo-
chemical features, that would be common to other func-
tional detection schemes. This paper will also treat the
characterization of isolated, thiolated DNA molecules
chemically bound to Au(111) terraces. Ambient STM
and atomic force microscopy (AFM) measurements of
both short and long DNA structures in both single and
double strand configurations will be discussed with par-
ticular attention paid to imaging mechanisms involved.
These results are particularly relevant to systems involv-
ing biomolecules anchored to inert metal surfaces, such
as those used in external field-based assays.

Diffusive Transport in Graphene
Liu, S.Y. Lei, X.L. Horing, N.J.M.

On page(s): 767-770

Abstract

Recently, a single-layer of carbon atoms, termed gra-
phene, has attracted a great deal of interest due to its
great potential for application in electronics. In experi-
ments involving graphene, a finite residual conductivity
was found at zero gate voltage in the density dependence
of conductivity. However, the theoretical explanation
of this observation has been confused, with derivations
predicting differing values of residual conductivity. In
this paper, considering electron-impurity scattering, we
present a kinetic equation approach to investigate trans-
port in graphene. The effect of interband polarization on
conductivity is taken into account. We find that, in the
density dependence of conductivity, there is a minimum
(rather than residual) conductivity sensitively dependent
on the carrier-impurity scattering potential. For higher
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electron density, the conductivity varies almost linearly
with the electron density.

Radiative Plasmonic-Polariton Dispersion Relation for a
Thin Metallic Foil With Interband Damping Transitions
Horing, N.J.M.

On page(s): 771-774

Abstract

Plasmons in a thin metallic foil are of two types: (Ritchie,
1957; Ando , 1982; Stratton, 1941) 1) a two-dimensional
plasmon (Ritchie, 1957) whose electrostatic dispersion
relation has its frequency proportional to the square root
of wave number, which propagates along the surface of
the foil and 2) a plasmon constituted of collective elec-
tron density oscillations across the foil in the nature of
capacitor-like discharges perpendicular to the surfaces
of the foil (Ando , 1982) . The latter (type 2) occur at
the bulk plasma frequency and it has long been known
that they produce electromagnetic (EM) radiation (Fer-
rell, 1958) (whereas type 1 plasmons do not radiate).
The object of this research is to carefully examine the
coupling of both these plasmon modes to the EM field
in producing radiative polaritons. We carry this out us-
ing a complex dielectric function approach embodying
both types of plasmons in the context of an exact ana-
Iytic solution for the dyadic EM field Green’s function
describing radiative plasmonic-polariton propagation
for a thin metallic foil (Horing,et al.), including the role
of interband damping transitions. In particular, we will
formulate and examine the dispersion relation for such
polaritons, which is significantly modified from Stern’s
result (Stern, 1967) by the radiative type 2 plasmon de-
scribed above and interband damping. The complex
dielectric function embodying both type 1 and type 2
plasmons and interband damping involves a frequency
dependent imaginary part and is expected to exhibit in-
teresting radiative plasmonic-polariton phenomenology.
This expectation is based on a recent calculation we have
carried out (Horing) using a generic dielectric function
of the Lorentzian type, which produced inhomogeneous
(Jackson, 1975) plane wave radiation from excitation of
the foil modes. Such inhomogeneous plane waves, which
grow locally as a function of distance away from the foil
(without violating the causality principle), have been
known t- — o occur previously and are discussed in the
literature (Stratton, 1941). This local growth of the EM
field may contribute to enhanced focusing properties of
an array of nanoholes in the foil.



Sensor Electronics and Microsystem Technologies. 2/2009

Characterization of Nanoporous Silicon-Based DNA
Biosensor for the Detection of Salmonella Enteritidis
Deng Zhang Alocilja, E.C.

On page(s): 775-780

Abstract

A biosensor for the detection of food-borne pathogens
(Salmonella Enteritidis) was fabricated based on nano-
porous silicon (NPS). P-type silicon wafers (100, 0.01 )
were anodized electrochemically in an electrochemical
Teflon cell, containing ethanoic hydrofluoric acid solu-
tion to produce the porous layer on the silicon surface.
The porous silicon surface was functionalized with DNA
probes specific to the insertion element (Iel) gene of Sal-
monella Enteritidis. A biotin-streptavidin system was uti-
lized to characterize the availability of the nanopores and
the specificity of the DNA probe. Based on the electrical
property of DNA, redox indicators and cyclic voltam-
metry were used for the characterization of the biosensor.
Results showed that the DNA probe was specific to the
target DNA, and the porous silicon-based biosensor had
more active surface area and higher sensitivity (1 ng/mL)
than the planar silicon-based biosensor. This simple, la-
bel-free porous silicon-based biosensor has potential ap-
plications in high-throughput detection of pathogens.

THz Characterization of All-Trans and 9-cis Retinal,
Experiment, and Modeling

Wright, T.J. Ying Luo Globus, T. Gelmont,

B. Khromova, T. Swami, N. Isin, A.

On page(s): 781-785

Abstract

Two conformations of the retinal molecule have been
studied in order to characterize the molecule’s THz
transmission spectra in both the ground and metastable
states. When subjected to an adequate external excita-
tion the retinal molecule can experience a change in
conformation and associated THz transmission spectra.
In an attempt to accomplish this characterization, the
FTIR system was modified to include a simple off axis
excitation source inside of the systems sample cham-
ber. Measurements were made of the retinal molecule’s
THz spectra both with and without external excitation of
the molecule. The results gathered were then compared
with the results obtained from simulation. Data obtained
from two retinal isomers reveal more spectral features at
frequencies ~11 — 15 cm™! than were predicted for these
conformations. The most likely explanation for this is
that the material is actually a mixture of several meta-
stable conformations. There is correlation between sim-
ulated and measured THz spectra in the ground state at
a frequency of 14 cm! for all-trans retinal. The strongest
vibrational mode frequency predicted for the 9-cis con-
formation through modeling was 22 cm™', which corre-

lates quite well with the experimental line at 21.3 cm™! in
the ground state. When the 9-cis samples were exposed
to UV illumination there was a noticeable change in the
absorption spectra and this line at 21.3 cm™' almost dis-
appeared which can be related to the transformation of a
9-cis into a more stable all-trans retinal. The absorption
spectra of all-trans retinal that is the most stable confor-
mation showed very weak features in experimental spec-
tra, with some of them changing under illumination.

Noise Spectroscopy of Gas Sensors

Aroutiounian, V.M. Mkhitaryan, Z.H. Shatveryan,
A.A. Gasparyan, EV. Ghulinyan, M.Zh. Pavesi,

L. Kish, L.B. Grangvist, C.-G.

On page(s): 786-790

Abstract

We study current-voltages and low-frequency noise
characteristics of the metal-porous silicon-silicon single
crystal-metal structure with 50% and 73% porosity of
porous silicon. The study is performed in dry air and in a
mix of dry air with carbon monoxide of different concen-
trations. The Hooge noise parameter and the parameter
in the frequency dependence of the noise voltage spectral
density were determined from experimental data. High
sensitivity of spectral dependence of noise to gas concen-
tration allows offering powerful method for determina-
tion of gas concentration in the air or environment.

Terahertz (THz) Electromagnetic Field Enhancement in
Periodic Subwavelength Structures

Gelmont, B. Parthasarathy, R. Globus, T. Bykhovski,
A. Swami, N.

On page(s): 791-796

Abstract

In this paper, we show that periodic arrays of rectangular
slots with subwavelength width provide for local electro-
magnetic field enhancements due to edge effects in low-
frequency range, 10-25 cm!. Periodic structures of Au,
doped Si, and InSb with subwavelength thickness were
studied. The half power enhancement width is ~500 nm
and less around the slot edges in all cases, thereby pos-
sibly bringing terahertz (THz) sensing to the nanoscale.
InSb is confirmed to offer the best results with the local
power enhancements on the order of 1100 at frequency
14 cm™'. InSb and Si have large skin depths in the fre-
quency range of interest and so the analysis of their struc-
tures was done through the Fourier expansion method of
field diffracted from gratings. Au, however, has small skin
depths at these frequencies compared with the thickness.
Surface impedance boundary conditions were employed
to model the Au structure, for which the Fourier expan-
sion method was unsuitable owing to the huge magnitude
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of Au permittivity at these frequencies. The applications
possibly include development of novel biosensors, with
the strongly enhanced local electromagnetic fields lead-
ing to increased detection sensitivity, and monitoring
biophysical processes such as DNA denaturation.

Single Electron Transistor-Based Gas Sensing With
Tungsten Nanoparticles at Room Temperature

Karre, P.S.K. Acharya, M. Knudsen, W.R. Bergstrom,
PL.

On page(s): 797-802

Abstract

Single electron transistor (SET)-based gas sensors uti-
lizing tungsten nanoparticles as conducting islands and
operating at room temperature have been fabricated.
Electrical characterization showed a strong correlation
between the drain current of the SET device and the
concentration of gas. The reversible exposure to gas re-
sulted in reduction of both the Coulomb blockade volt-
age and the drain current. The reduction in the drain
current shows an oscillatory behavior, with the variation
on the gate bias. The sensitivity of the gas sensor can be
tuned by controlling the charge on the gate electrode.
Relaxation times of 400 ms for a concentration of 36%
of gas in were achieved. Although the SET sensor has not
been demonstrated with sensitivities in the few tens of
ppm compared with existing technologies, the response
is very fast and the sensitivity can be tuned by modulating
the gate bias. The sensor demonstrates the possibility of
gas sensing using SET devices as sensitive electrometers.
The sensitivity of the SET gas sensor is higher at lower
concentrations.

A DNA Sensor for Sequencing and Mismatches Based
on Electron Transport Through Watson—Crick and Non-
Watson—Crick Base Pairs

Jauregui, L.A. Seminario, J.M.

On page(s): 803-814

Abstract

A combined density functional theory and Green’s func-
tion procedure is used to calculate the electrical char-
acteristics of Watson-Crick and non-Watson-Crick base
pairs; calculations are performed to determine: the mo-
lecular orbitals that participate in the electron-transfer
process, junction current-voltage characteristics, density
of states, transmission function, and molecular electro-
static potentials. The distinct current-voltage features
of base pairs can be used for detecting and sequencing
DNA, as well as for detecting DNA base-pair mismatches
by passing the double strand through two perpendicular
metallic electrodes to the DNA, or by scanning the dou-
ble strand with conducting probes. We find in the range
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from 1 to 1 V for the Watson-Crick pairs that the CG is a
better electron conductor than the AT and, on the other
hand, the best and worst conductors are the non-Wat-
son-Crick mismatches CT and AA, respectively.

Selective Chemical Sensing Using Structurally Colored
Core-Shell Colloidal Crystal Films

Potyrailo, R.A. Zhebo Ding Butts, M.D. Genovese,
S.E. Tao Deng

On page(s): 815-822

Abstract

We demonstrate for the first time selective sensing of mul-
tiple vapors at low concentrations based on the structur-
ally colored colloidal crystal film formed from composite
core/shell nanospheres. Since color changes of sensing
colloidal crystal films are negligible at relatively low va-
por partial pressures (P/P; < 0.1), a straightforward de-
tection of color changes cannot be applied. To overcome
this limitation, we apply a differential spectroscopy mea-
surement approach coupled with the multivariate analy-
sis of differential reflectance spectra. The vapor-sensing
selectivity is provided by the combination of the com-
posite nature of the colloidal nanospheres in the film
with the multivariate analysis of the spectral changes of
the film reflectivity upon exposure to different vapors.
The multianalyte sensing was demonstrated using a col-
loidal crystal film comprised of 326-nm diameter core
polystyrene nanospheres coated with a 20-nm thick sol-
gel shell. Discrimination of water, acetonitrile, toluene,
and dichloromethane vapors using a single sensing col-
loidal crystal film was evaluated applying principal com-
ponents analysis (PCA) of the reflectivity spectra. The
polar and nonpolar vapors at different relative vapor par-
tial pressures were well separated in PCA space. The best
selectivity was obtained between toluene and dichloro-
methane vapors, while water and acetonitrile vapors were
almost unresolved. Achieved detection limits were within
the range of interest or better than those needed for de-
terminations of these vapors for industrial applications.

Defect-Tolerant CMOL Cell Assignment via
Satisfiability

Hung, W.N.N. Changjian Gao Xiaoyu
Song Hammerstrom, D.

On page(s): 823-830

Abstract

We present a novel CAD approach to cell assignment
of CMOL, a hybrid CMOS/molecular circuit architec-
ture. Our method transforms any logically synthesized
circuit based on AND/OR/NOT gates to a NOR gate
circuit and maps the NOR gates to CMOL. We encode
the CMOL cell assignment problem as Boolean condi-
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tions. The Boolean constraints are satisfiable if and only
if there exists a solution to map all the NOR gates to the
CMOL cells. We further investigate various types of static
defects for the CMOL architecture and propose a recon-
figuration technique that can deal with these defects. We
introduce a new CMOL static defect model and provide
an automated solution for CMOL cell assignment. Ex-
periments show that our approach can result in smaller
area (CMOL cell usage) and better timing delay than
prior approach.

Effect of Sol Strength on Growth, Faceting and
Orientation of Sol-Gel Derived ZnO Nanostructures
Bahadur, H. Srivastava, A.K. Rashmi Chandra, S.

On page(s): 831-836

Abstract

ZnO thin films are used for a number of MEMS-based
sensors because of the piezoelectric and semiconducting
properties. In certain class of devices, especially those
using surface acoustic wave (SAW) technology on a lay-
ered substrate (such as ZnO on Si), it is a requirement
to grow several micron thick ZnO layer which must be
highly c axis oriented. In this attempt, we have depos-
ited ZnO films by sol-gel spin process and using three
different concentrations of 10%, 12.5%, and 25% of sol
using zinc acetate as the precursor material and charac-
terized for their thickness and other associated charac-
teristics. The XRD pattern showed diffraction peaks of
the hexagonal ZnO phase. The intensity of the 002 peak
was much low for low-strength sols indicating substantial
preferred orientation of the crystallites perpendicular to
the sample surface. The crystallite size was estimated to
be about 45 nm from the 100 diffraction peak. For the
sample with 25% strength of the sol, the XRD pattern
showed diffraction peaks of the hexagonal ZnO phase.
The crystallite size was estimated as about 60 nm from
the 100 peak and about 145 nm from the 002 peak. The
TEM results showed fine nanoparticles with hexagonal
ZnO crystal structure and morphology dependence upon
the sol strength. Faceted morphology of hexagonal ZnO
nanostructures has been obtained. The results would find
application in nanoelectronic piezoelectric sensors.

Dissociation Chemistry of Gas Molecules on Carbon
Nanotubes—Applications to Chemical Sensing
Govind, N. Andzelm, J. Maiti, A.

On page(s): 837-841

Abstract

It is well known in the literature that carbon nanotubes
(CNTs) interact weakly with many gas molecules like

H,0,0,,CO,NH,, H,and NOz, to name a few. Exposure
to NO,, O, and NH, significantly affects the electrical

conductance of a single wall nanotube (SWNT). These
can be explained using a simple charge transfer picture,
which results in the observed changes in the hole conduc-
tion of the tubes. It is also known that pure SWNTs only
weakly interact with these molecules. We have recently
investigated (Andzelm , 2006) how common defects in
CNTs [Stone-Wales (SW), monovacancy, and intersti-
tial] influence the chemisorption of NH,. This paper is
a continuation of our previous work. Here, we further
investigate, via density functional theory (DFT) calcula-
tions, the effects of SW defects on the adsorption/dis-
sociation of and O, and H,O. We also study the diffusion
of adsorbed oxygen atoms on the nanotube surface in the
vicinity of the SW defect, as well as the dissociation of in
the presence of adsorbed oxygen atoms.

Widely Separate Spectral Sensitivity Quantum
Well Infrared Photodetector Using Interband and
Intersubband Transitions

Alves, ED.P. Santos, R.A.T. Amorim, J. Issmael,
A.K. Karunasiri, G.

On page(s): 842-848

Abstract

Recent commercial and military infrared sensors have
demanded multispectral capabilities, high sensitivity and
high selectivity, usually found in quantum well infrared
photodetectors (QWIPs). This paper presents the design
and characterization of a three-band QWIP capable to
detect simultaneously near infrared (NIR), mid-wave-
length infrared (MWIR), and long-wavelength infrared
(LWIR), using interband and intersubband transitions.
Separate readouts provide the flexibility to optimize each
band detection by allowing the application of different
bias voltages. The quantum well structure was designed
using a computational tool developed to solve self-con-
sistently the Schrodinger-Poisson equation with the help
of the shooting method. The detector comprises of three
different stacks of uncoupled (wide barriers) quantum
wells that combine AlGaAs, GaAs, and InGaAs, sepa-
rated by contact layers, grown by molecular beam epi-
taxy (MBE) on a GaAs substrate. The spectral responses
in all three bands were measured using a standard pho-
tocurrent spectroscopy setup with light coupling via a
45 facet. The measured photoresponse showed peaks at
0.84, 5.0, and 8.5 wavelengths with approximately 0.8,
0.03, and 0.12 A/W peak responsivities for NIR, MWIR,
and LWIR bands, respectively. A good agreement be-
tween the measured and simulated figures of merit shows
the possibility to improve and tailor the detector for sev-
eral applications with low computational effort. Finally,
this work has demonstrated the possibility of detection of
widely separated wavelength bands using interband and
intersubband transitions in quantum wells.
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Temperature and Chemical Sensors Based on FIB-
Written Carbon Nanowires
Zaitsev, A.M. Levine, A.M. Zaidi, S.H.

On page(s): 849-856

Abstract

Carbon nanowires written by focused ion beam on dia-
mond surface are novel nanostructures with interesting
electronic properties. In this communication, carbon
nanowire structures working as temperature and chemi-
cal sensors are reported. The sensor structures were made
as arrays of carbon nanowires written by a 30 keV Ga* fo-
cused ion beam on polycrystalline CVD diamond films.
The electronic structure of a carbon nanowire array is
discussed as multiple unipolar heterodiodes graphite-
diamond-graphite (G-D-G). The energy barrier of the
G-D-G diodes has been found of a value 0.25 eV. The
structures exhibited changes in conductance when mea-
sured at different temperatures or when put in proximity
of some volatile liquids. This temperature and chemical
sensitivity is explained by the activation of the charge
carrier flow over the G-D barrier caused by temperature
or by the charge of the analyte molecules adsorbed on the
surface of the structure. The temperature response of the
sensors in the range from 40 to 140 °C is exponential at
a rate of 0.11 dB/°C. The chemical sensitivity has been
found selective and particularly pronounced for water
vapor. The advantages of the novel carbon nanowire sen-
sors are their blindness to visible light, compatibility with
carbon nanotechnology, simplicity and reproducibility of
fabrication. The all-carbon nature of the sensors implies
their applicability in medicine and biology.

Modeling Electrostatic and Quantum Detection of
Molecules

Vasudevan, S. Walczak, K. Kapur, N. Neurock,
M. Ghosh, A.W.

On page(s): 857-862

Abstract

We describe two different modes for electronically de-
tecting an adsorbed molecule using a nanoscale transis-
tor. The attachment of an ionic molecular target shifts
the threshold voltage through modulation of the deple-
tion layer electrostatics. A stronger bonding between the
molecule and the channel, involving actual overlap of
their quantum mechanical wavefunctions, leads to scat-
tering by the molecular traps that creates characteristic
fingerprints when scanned with a backgate. We describe
a theoretical approach to model these transport charac-
teristics.
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Infectious Agent Detection With SERS-Active Silver
Nanorod Arrays Prepared by Oblique Angle Deposition
Driskell, J.D. Shanmukh, S. Yong-Jun Liu Hennigan,
S. Jones, L. Yi-Ping Zhao Dluhy, R.A. Krause,

D.C. Tripp, R.A.

On page(s): 863-870

Abstract

The aligned silver nanorod array substrates prepared by
the oblique angle deposition method are capable of pro-
viding extremely high enhancement factors (~5x10%) at
near-infrared wavelengths (785 nm) for a standard re-
porter molecule 1,2 trans-(bis)pyridyl-ethene (BPE).
The enhancement factor depends strongly on the length
of the Ag nanorods, the substrate coating, the polariza-
tion of the excitation light, as well as the incident angle.
With the current optimum structure, we demonstrate that
the detection limit for BPE can be lower than 0.1 fM. We
also show that this surface-enhanced Raman spectros-
copy (SERS)-active substrate can serve as a sensor to de-
tect and differentiate the molecular fingerprints of sever-
al important human pathogens, particularly, respiratory
syncytial virus, human immunodeficiency virus, rotavi-
rus, and the bacterium Mycoplasma pneumoniae. Uti-
lizing chemometric methods, SERS nanorod array data
can be used to sensitively detect and to classify viruses at
the strain level. These results suggest that the SERS Ag
nanorod array is a powerful technique for direct, rapid,
and sensitive detection of infectious agents.

Ferrocenedimethanol Transport in Thin Films Consisting
of Laponite and Hydrogel
Smith, O. Seo, S.S.

On page(s): 871-873

Abstract

The development of multifunctional materials, which
exhibit properties suitable for the development of ad-
vanced optical, electrochemical, and other such sensors
have been at the forefront of many scientific research. In
remaining consistent with this trend, this work presents a
methodology for characterizing clay-hydrogel thin films
by monitoring the transport of 1,1-ferrocenedimetha-
nol (Fc(MeOH),) via cyclic voltammetry techniques.
Multilayer thin films were prepared by alternate layer
deposition of poly(N-isopropylacrylamide-co-acrylic
acid) hydrogel and laponite clay on regular glass carbon
electrode. The ratio of the current intensity at the modi-
fied electrode compared with that at the bare electrode
was used to provide information about the permeation
of the electroactive species through the thin films. The
current was also plotted as a function of the various layers
to determine how permeation changes with increasing
layers. The results procured thus far suggest the possible
incorporation of these thin films in sensor development.
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However, further work, such as the determination of the
responsiveness of the thin films to environmental stimuli
(temperature, pH, etc.) must be done in order to opti-
mize the technology.

Arrays of Nanoarrays: Elements of Binding
Norton, M.L. Day, B.S. Huan Cao Rahman, M.
Gin, A.

On page(s): 874-879

Abstract

The development of strategies for the robust attachment
of organized patterns of nanostructures to a variety of
surfaces has been a major objective of this laboratory.
One of the significant impediments to single molecule,
as opposed to multiple molecule, attachment arises from
the size gap or intrinsic mismatch between the size of
readily obtainable Idquotop downrdquo nanostructures
and the native size scale of the molecules of interest. Al-
though binding structures of diameter significantly less
than 100 nm can certainly be fabricated, the techniques
required to generate them are not widely available to re-
searchers and the failure rate for the production of such
structures is relatively high. These concerns have moti-
vated this laboratory to instead pursue the synthesis of
adapter structures which bridge, or partially bridge, this
size gap by increasing the effective footprint of a single
DNA molecule. Although several different approaches
to the generation of adapter structures are under parallel
development in the laboratory, one is based on a totally
synthetic polydentate macromolecule. In this paper, the
merits of this multithiol system will be presented. The
development of an experimental platform for the charac-
terization of attachment sites and adapter structure/at-
tachment site interactions will also be described. These
platforms are compatible with a wide range of charac-
terization methods, including scanning electron micros-
copy, atomic force microscopy, laser scanning confocal
microscopy, scanning tunneling electron microscopy
and near field scanning optical microscopy, which can
be used to evaluate these structures over the macro/mi-
Cro/nano size range.

Large-Area Well-Ordered Nanodot Array Pattern
Fabricated With Self-Assembled Nanosphere Template
Huagqing Li Low, J. Brown, K.S. Niangiang Wu

On page(s): 880-884

Abstract

This paper has demonstrated a simple method to fab-
ricate a large-area (~1 cm?) well-ordered gold nanodot
array pattern with high throughput at low cost. At first,
self-assembled polystyrene (PS) spheres are closely
packed on a water surface, and then transferred from the

water surface to a solid substrate by dip coating. This re-
sults in a large-area defect-free close-packed PS sphere
monolayer template on the solid substrate. It is worthy
noting that the large-area close-packed PS sphere tem-
plate can be transferred to the surfaces of various solids
including silicon, oxides and metals, offering great flex-
ibility. Furthermore, the close-packed PS monolayer can
be tailored to a loose-packed sphere array template by
reactive ion etching (RIE) technique. The sphere size is
reduced upon etching but the spacing between spheres
retains unchanged. By utilizing the PS sphere template,
gold nanodot arrays with feature size down to 30 nm have
been fabricated.

Robust Negative Differential Conductance and Enhanced
Shot Noise in Transport Through a Molecular Transistor
With Vibration Assistance

Bing Dong Lei, X.L. Horing, N.J.M.

On page(s): 885-890

Abstract

In this paper, we analyze vibration-assisted sequential
tunneling (including current-voltage characteristics and
zero-frequency shot noise) through a molecular quantum
dot with two electronic orbitals asymmetrically coupled
to the internal vibration. We employ rate equations for
the case of equilibrated phonons, and strong Coulomb
blockade. We find that a system with a strongly phonon-
coupled ground state orbital and weakly phonon-coupled
excited state orbital exhibits strong negative differential
conductance; and it also shows super-Poissonian current
noise. We discuss in detail the reasons and conditions for
the appearance of negative differential conductance.

Label-Free DNA Sensor on Nanoporous Silicon-
Polypyrrole Chip for Monitoring Salmonella Species
Joon-Hyung Jin Deng Zhang Alocilja, E.C.
Grooms, D.L.

On page(s): 891-895

Abstract

Label-free DNA sensors based on nanoporous silicon
(nPS) substrate were fabricated and electrochemically
characterized. A low resistivity (0.01-0.02 Q - cm) p-
type silicon wafer (100 orientation) was electrochemi-
cally anodized in an ethanoic hydrofluoric acid (HF)
solution containing ethanol to construct the nPS layer
with pore diameter of about 10 nm. This nano structure
is compatible with organic polymeric conductors. Poly-
pyrrole (PPy) film was directly electropolymerized on
the nPS substrate without pre-deposition of any metallic
thin-film underlayer. The rough surface of the nPS layer
was favorable for strong adsorption of the PPy film. The
intrinsic negative charge of the DNA backbone was ex-
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ploited to adsorb 26 base pairs of probe DNA (pDNA)
into the PPy film by applying positive bias forming the
nPS/PPy+pDNA layer. DNA from salmonella enterica
serovar enteritidis (tDNA) was extracted using standard
protocol and, subsequently, amplified by polymerase
chain reaction (PCR). Salmonella species are classified
as bioterrorism threat agents by the centers for disease
control and prevention (CDC). Results from the scan-
ning electron microscopy (SEM) image of the cross sec-
tion of the nPS/PPy multilayered film shows successful
direct electropolymerization of PPy on the nPS sub-
strate. Results also show that the tDNA concentration
is inversely related to the peak current (ip) at 0.2 V versus
Ag/AgCl. The plot of ip versus incubation time showed
that current density (J) decreases by 29 pA - cm? per
hour. The sensitivity obtained from the plot of ip versus
tDNA concentration is -166.6 pA - cm? - uM-L. Current
density decreases with increasing incubation time and
tDNA concentration. These results demonstrate that
the nPS substrate with PPy+pDNA-+tDNA film has
been successfully developed for a label-free DNA sen-
sor in rapidly and specifically detecting select and threat
agents.

Ferromagnetic Resonance Detection for Magnetic
Microbead Sensors
Ghionea, S. Dhagat, P. Jander, A.

On page(s): 896-902

Abstract

This paper presents a novel detection scheme for magnet-
ic beads used to label target molecules in immunoassay
based sensors. The beads are detected inductively using
a microwave circuit consisting of a slotline and coplanar
waveguide (CPW) fabricated in a single metal layer. The
waveguides are terminated at a short-circuited junction
that serves as the active sensor area. When the slotline is
excited by an input radio frequency (RF) signal, ac mag-
netic fields are generated at the junction. These fields are
orthogonal to the propagation mode allowed in CPWs. As
a result, the signal from the slotline does not nominally
couple into the CPW. In the presence of a bead immobi-
lized at the junction, fields from the slotline are distorted
and the signal is coupled to the output at the CPW. The
output signal is further enhanced by exciting ferromag-
netic resonance in the bead. Simulation results indicate
a single bead to be detectable with a sensitivity of 1-10
nV/V depending on its location in the active sensor area
and the waveguide geometry. The distinctive advantages
of this detection technique are ease of implementation,
requiring simple and inexpensive fabrication processes;
and suitability for integration in lab-on-a-chip systems.
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Thermodynamic and Kinetic Analysis of Hydrogen
Sensing in Pt/AlGaN/GaN Schottky Diodes at High
Temperatures

Junghui Song Wu Lu

On page(s): 903-909

Abstract

Schottky diodes on AlGaN/GaN heterostructures with
Pt catalytic metal are fabricated and characterized for
hydrogen sensing at a wide range of temperature and hy-
drogen concentration. The thermodynamic and kinetic
processes of hydrogen adsorption/desorption at Pt/Al-
GaN are analyzed based on their steady and transient
state sensing characteristics. The devices have great hy-
drogen detection capability even at sub-ppm level reliably
at temperatures up to 800°C. Both forward and reverse
currents of Schottky diodes increase with exposure to
containing ambient, which is attributed to the reduction
of Schottky barrier heights resulted by hydrogen absorp-
tion at Pt/AlGaN. As temperature increases, the device
sensitivity (S) is improved due to the more effective dis-
sociation, but starts saturating from 600°C. The cover-
age of hydrogen at the Pt/AlGaN interface exhibits the
same trend as A®, and S. The thermodynamic process of
hydrogen adsorption in Pt/AlGaN is endothermic with
an adsorption enthalpy of 21 kJ-mole™' . The adsorption
time constant shortens as the temperature or the con-
centration increases. On the other hand, the desorption
time constant exhibits opposite trend on the temperature
and concentration. The absolute magnitudes of the ac-
tivation energies for hydrogen adsorption/desertion at
Pt/AlGaN increase with the H, concentration.

Realistic Nanotube-Metal Contact Configuration for
Molecular Electronics Applications
Andriotis, A. Menon, M. Gibson, H.

On page(s): 910-913

Abstract

A realistic single-wall carbon nanotube (SWCN)-metal
contact configuration is obtained using a tight-binding
molecular dynamics method incorporating full con-
sideration of s, p, and d basis sets for carbon and metal
atoms. The full structural relaxation of the combined
SWCN and metal system is found to be essential for real-
istic characterization of conductivity. More importantly,
convergence with respect to the number of the metal lead
(ML) atoms in contact with the SWCN is found to be
even more critical. Our results indicate that, in order to
maximize device efficiency, one needs to use ML-SWCN
systems with a minimal ML-SWCN contact-width to
SWCN-Iength ratio.
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Magneto-Transport Physics in Superlattices With
Staggered-Bandgap Structure
Weidong Zhang Woolard, D.L.

On page(s): 914-921

Abstract

Physical models are presented to describe magneto-
transports within double-barrier structure with stag-
gered-band lineups. Here, a special case, where the
magnetic field is perpendicular to the heterolayers, is
considered and the conduction-band electron current is
calculated. In addition, the spatial charge transfer due
to the heavyhole (HH) interband tunneling is also stud-
ied. The interband tunneling probability is related to the
Landau index number, which characterizes the quanti-
zation of in-plane electron motions. As a consequence,
the inversion of hole populations between Landau levels
is shown to occur which is a new phenomenon that has
relevance for millimeterwave amplification.

Controlled Growth of Carbon, Boron Nitride, and Zinc
Oxide Nanotubes

Moscatello, J.P. Jiesheng Wang Ulmen, B. Mensah,
S.L. Ming Xie Shun Wu Pandey, A. Chee Huei

Lee Prasad, A. Kayastha, V.K. Yoke Khin Yap

On page(s): 922-929

Abstract

Nanotubes represent a unique class of materials in
which all atoms are located near the surface. Since elec-
trons flowing through nanotubes are confined near the
surface, nanotubes are attractive for sensing biologi-
cal and chemical molecules. In addition, their tubular
structures enable nanofluidic devices that are useful for
novel sensing applications. In this paper, we will discuss
current applications and the latest advancements on
the growth of carbon nanotubes (CNTs), boron nitride
nanotubes (BNNTs), and ZnO nanotubes (ZnON'Ts).
First, CNT growth is highly controlled by regulating the
effective catalysts and the dissociative adsorption of the
hydrocarbon molecules during chemical-vapor deposi-
tion growth. Second, we have achieved low temperature
growth of vertically aligned BNNTs at 600 °C , the first
success of growing pure BNNTs directly on substrates at
temperatures about half of those reported so far. Final-
ly, we have developed an original approach for growing
ZnONTs without catalyst or template. Robust, control-
lable growth techniques for nanotubes are necessary in
order to fully realize their sensing potential.

Gas Sensing With Mats of Gold-Nanoparticle Decorated
GaN Nanowires

Berven, C.A. Dobrokhotov, V. Mcllroy, D.N. Chava,

S. Abdelrahaman, R. Heieren, A. Dick, J. Barredo, W.

On page(s): 930-935

Abstract

We report on the use of mats of gold nanoparticle deco-
rated GaN nanowires as gas sensors. The sensing was by
the repeated and reversible measurement of changes in
the current-voltage characteristics of the mat of nanow-
ires. The nanowires had diameters of about 200 nm and
were many microns long. The mat was grown on a 1-
cm diameter sapphire disk and was about 10 thick. The
selectivity mechanism is attributed to the details of the
surface morphology of the gold nanoparticles decorating
the surface of the nanowires. The changes in the currents
are attributed to a depletion mechanism in the nanow-
ires due to the formation of a Schottky barrier due to
the presence of the gold on the inherently n-type GaN.
We were able to detect CO, CH,, CO,, H,, and observed
possible evidence of creation of the by-products of the
water-gas shift reaction.

InP-Based Quantum-Dot Infrared Photodetectors
With High Quantum Efficiency and High-Temperature
Imaging

Tsao, S. Hochul Lim Hosung Seo Wei Zhang
Razeghi, M.

On page(s): 936-941

Abstract

We report a room temperature operating InAs quantum-
dot infrared photodetector grown on InP substrate. The
self-assembled InAs quantum dots and the device struc-
ture were grown by low-pressure metalorganic chemical
vapor depositon. The detectivity was 6 x 10'°cm Hz'/2/W
at 150 K and a bias of 5 V with a peak detection wave-
length around 4.0 um and a quantum efficiency of 48%.
Due to the low dark current and high responsivity, a clear
photoresponse has been observed at room temperature.
A 320 x 256 middle wavelength infrared focal plane array
operating at temperatures up to 200 K was also demon-
strated. The focal plane array had 34 mA/W responsivity,
1.1% conversion efficiency, and noise equivalent tem-
perature difference of 344 mK at 120 K operating tem-
perature.
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Plasmonic Structures Based on Subwavelength Apertures
for Chemical and Biological Sensing Applications
Dhawan, A. Gerhold, M.D. Muth, J.E

On page(s): 942-950

Abstract

Periodic arrays of apertures with subwavelength dimen-
sions and submicron periodicity were fabricated on gold-
coated tips of silica optical fibers using focused ion beam
(FIB) milling. Interaction of light with subwavelength
structures such as an array of nanoapertures in an opti-
cally thick metallic film leads to the excitation of surface
plasmon waves at the interfaces of the metallic film and
the surrounding media, thereby leading to a significant
enhancement of light at certain wavelengths. The spec-
tral position and magnitude of the peaks in the transmis-
sion spectra depend on the refractive index of the media
surrounding metallic film containing the nanohole array.
This lays the foundation for the development of fiber-op-
tic chemical and biological sensors that sense the change
in refractive index of the medium around the metallic
film. This is demonstrated by testing the sensors with so-
lutions of alcohols with different refractive indices and
by the attachment of biomolecules to the sensor surface.
The bulk refractive index sensitivity of these nanoaper-
ture array-based sensors is shown to be higher than what
has been typically reported for metallic nanoparticle-
based plasmonic sensors.

Using Electrospinning for the Fabrication of Rapid
Response Gas Sensors Based on Conducting Polymer
Nanowires

Rojas, R. Pinto, N.J.

On page(s): 951-953

Abstract

Early detection of trace amounts of toxic gases in an
open environment is vital for any successful attempt to
contain subsequent damage. The sensors used must re-
spond quickly and reliably in such a situation. A typi-
cal method to increase sensitivity is to use sensors that
have a large exposed area. It is also desirable for the sen-
sor to be small in size and to consume low power. These
characteristics can easily be achieved via the use of con-
ducting polymer nanowires. Polyaniline is such a con-
ducting polymer whose conductivity can be tuned to any
desirable value in the range 10 S/cm™® S/cm. We have
prepared nanowires of this polymer in air and within
seconds of using the electrospinning technique and used
them in the fabrication of gas sensors. Due to the large
surface-to-volume ratio and small amount of active ma-
terial used, these sensors are faster and more reliable than
conventional sensors based on thin films. While several
methods exist to prepare polymer nanowires, most yield
short (typically a few microns long) nanowires with te-
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dious methods of isolating a single one. Electrospinning
is a simple technique for making long (typically several
centimeters long) nanowires that can easily be isolated
and therefore is a promising method for the fabrication
of low cost rapid response sensors.

Adsorption Equilibrium and Kinetics of Microorganisms
on Single-Wall Carbon Nanotubes

Shuguang Deng Upadhyayula, V.K.K. Smith,

G.B. Mitchell, M.C.

On page(s): 954-962

Abstract

Adsorption equilibrium and kinetics of pure and mixed
cultures of Escherichia coli and Staphylococcus aureus
on single-walled carbon nanotubes (CNT) aggregates
were studied in an effort to develop CNT-based biosen-
sors for quick detection of these bacteria in water. Batch
experiments were carried out to measure the adsorption
kinetics and equilibrium of pure and mixed culture of
E. coli and S. aureus on the CNT aggregates at ambi-
ent temperature and various culture concentrations. The
CNT aggregates can adsorb significant amounts of E.
coli and S. aureus bacteria with different size and shape
characteristics. The smaller size S. aureus has a five to
ten times faster diffusion rate than E. coli and about 100
times higher adsorption affinity with the carbon nano-
tube aggregates. Freundlich adsorption model correlates
well both the pure component and mixture adsorption
equilibrium data. It is quite possible the CNT aggregates
have separate adsorption sites for both E. coli and S.
aureus. The combined high adsorption affinity and fast
adsorption kinetics for S. aureus suggest that even un-
modified single-wall carbon nanotubes can selectively
differentiate S. aureus and E. coli in water. Transmission
electron microscopic analysis qualitatively confirmed
the adsorption results and provides direct visualization
of the adsorbed bacteria on carbon nanotube aggregates.
Both bacteria form biofilms on carbon nanotube aggre-
gates and have a strong tendency to connect with each
other rather than with the carbon surface.

Nanotechnology-Based Detection of Explosives and
Biological Agents Simulants

Primera-Pedrozo, O.M. Jerez-Rozo, J.I. De La Cruz-
Montoya, E. Luna-Pineda, T. Pacheco-Londono,
L.C. Hernandez-Rivera, S.P.

On page(s): 963-973

Abstract

Nanotechnology based detection of threat agents, such as
explosives and biological agents, has been a top research
priority at the Center for Chemical Sensors Develop-
ment at the Department of Chemistry of the University
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of Puerto Rico-Mayaguez (UPRM). Nanoparticles are
of fundamental interest since they possess unique size-
dependent properties are quite different from the bulk
state. When a bulk metal is reduced in size, its proper-
ties begin to change dramatically because the constituent
electrons begin to suffer the effects of quantum confine-
ment. One of these important properties deals with the
extraordinary enhancement of the intensities of Raman
scattering events in chemical systems called surface en-
hanced Raman scattering (SERS). Until very recently,
only aromatic moieties containing strong chromophores
or highly delocalized & electrons would experience such
an enhancement, when in close proximity to a silver or
gold nanometallic assembly. In other cases, this SERS
condition was not sufficient to satisfy the enhanced Ra-
man scattering requirements because of Coulombic re-
pulsions do not allow an intimate contact with the col-
loidal suspension of nanoparticles. Recent work in the
research group includes optimization of particle size,
agglomeration rate and ionic strength of the SERS active
aqueous colloidal metallic suspensions. Results have led
to extend existing benchmarks limits of detection of 1077
Mto 10 M (105 g) in DNT and to 102 M (10 g) in
the case of TNT. Other works include preparation and
testing of bimetallic nano-interalloys: Au/Ag and me-
tallic-semiconductor SERS active colloidal substrates:
Ag/TiO,. Group members have prepared silver and gold
nanorods and nanolayers in an effort to change the sens-
ing platform: from aqueous media to solventless detec-
tion.

Enhanced Raman Scattering of 2,4,6-TNT Using
Metallic Colloids

Jerez-Rozo, J.I. Primera-Pedrozo, O.M. Barreto-
Caban, M.A. Hernandez-Rivera, S.P.

On page(s): 974-982

Abstract

Surface-enhanced Raman scattering (SERS) combines
extremely high sensitivity, due to enhanced Raman cross
sections comparable or even better than fluorescence
emission. The observation of vibrational spectra of ad-
sorbed species on nanoparticles, provides one of the most
incisive analytical methods for chemical and biochemi-
cal detection and analysis. Nanoparticles are of funda-
mental interest since they possess unique size-dependent
properties (optical, electrical, mechanical, chemical,
magnetic, etc.), which are quite different from the bulk
and the atomic state. Bimetallic nanoparticles are of par-
ticular interest since they combine the advantages of the
individual monometallic counterparts. Metal colloids
have become the most commonly used nanostructures
for SERS. The present study focuses on the use of me-
tallic nanoparticles, with a particle size of 35-80 nm for
detecting TNT in solution. Gold, silver, and Au/Ag col-

loids were synthesized by chemical reduction methods,
and used for detecting TNT in solution with high sensi-
tivity and molecular specificity. The nanoparticles were
characterized with UV-VIS spectroscopy, Scanning and
Transmission Electron Microscopies and Raman Spec-
troscopy. The detection of TNT was conducted via an
indirect method that involved the alkaline hydrolysis of
TNT in the presence of a strong base. This method of-
fered the advantage of generating reaction products that
provided enhanced detection in the SERS experiments.
The spectra were obtained in the 100-3500 cm™' range.
The results revealed an increase in the intensity of the
vibrational signals, attributed to the SERS spectra of
TNT degradation products. Bands associated with out-
of-plane bending modes centered at 820 and 850 cm!
and NO, symmetric and asymmetric stretching modes
were detected.

Gas Sensing Based on Inelastic Electron Tunneling
Spectroscopy

Bommisetty, V. Bhandari, S. Karmacharya, R.L. Risloy,
D.A. Mileham, R.D. Galipeau, D. Galipeau, D.W.

On page(s): 983-988

Abstract

Odor detection with high reliability and selectivity is in-
creasingly in demand in several fields, including defense,
homeland security, clinical diagnosis, and air monitor-
ing. Poor selectivity and reliability of existing gas sensor
technology has been a major impediment in the devel-
opment of a versatile odor detector. This work describes
a new gas sensor technology based on inelastic electron
tunneling spectroscopy (IETS) that may be able to iden-
tify gas molecules based on chemical bonds. The IETS
responses of metal-insulator-metal tunnel junctions
were measured at 77 and 300 K and the results suggest
the potential of gas detection with ppm sensitivity. De-
spite thermal broadening, IETS peaks can be analyzed
for room temperature gas identification.

Fabrication of Heteronanorod Structures by Dynamic
Shadowing Growth
Junxue-X Fu Yuping-P He Yiping-P Zhao

On page(s): 989-997

Abstract

Multilayered heterogeneous one-dimensional (1-D)
nanostructures are important building blocks for nanode-
vice applications. A practical nanofabrication technique
to produce heterogeneous nanostructures with arbitrary
materials must have the ability to control the dimensions
and uniformity, to control the alignment, and to control
the interfacial properties of the heterogeneous nano-
structures. In this paper, we demonstrate a simple but
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versatile method to fabricate three-dimensional (3-D)
heterogeneous nanorod structures by multilayer dynam-
ic shadowing growth (DSG). DSG is a process based on
the geometric shadowing effect and substrate rotation in
a physical vapor deposition system. By combining DSG
and the sputtering technique, we successfully fabricated
Au/Si matchstick nanorods which can further be devel-
oped as a novel biosensor for Respiratory Syncytial Vi-
rus (RSV) detection. By changing the source materials
during the deposition, we demonstrate that complicated
heterostructured nanorod arrays, such as Si/Ni multilay-
er nanosprings, can be easily produced, and they exhibit
particular magnetic anisotropic behavior. We also use the
DSG technique to coat a thin catalyst layer asymmetri-
cally on the side of a nanorod backbone, and therefore
design catalytic nanomotors with a variety of geometries
capable of performing multiple desired motions in a fuel
solution. This fabrication method reveals an optimistic
step towards complex heteronanorod array design and
fabrication.

Influence of Base-Pair Interaction on Vibrational
Spectrum of a Poly-dG Molecule Bonded to Si
Substrates

Peiji Zhao Woolard, B.

On page(s): 998-1003

Abstract

A theoretical investigation is presented that characterizes
the interaction dynamics of a double deoxyguanonsine
molecular system, where two guanine bases are coupled
via a sugar-phosphate backbone that is bound to the sur-
face of silicon. Molecular dynamical simulations show
that the influence of the coupling between the guanine
bases (i.e., as compared with individual deoxyguanonsine
molecules) leadsto asignificant increase of the absorption
intensity from microwave to infrared (IR) frequencies.
Furthermore, these results show that the strong coupling
between the guanine bases leads to a much larger number
of distinguishable vibrational modes at frequency below
the IR at ~ 1350 cm!. These effects also produce double-
peak features in the Far-IR absorption intensity, which
represent a splitting of the individual peaks associated
with a single deoxyguanonsine molecule. Guanine base
coupling also leads to a general shifting of all the absorp-
tion peaks towards the terahertz frequency regime (i.e.,
~10 THz and below), which is also accompanied by a
reduction of the absorption intensity as one progresses
to longer wavelengths. Most importantly, this interaction
phenomenon creates additional spectral features, which
may be useful in a long-wavelength optics-based tech-
nique for DNA sequencing.
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Magnetic Field Control of THz Relaxation Oscillations
in RTDs With Diluted Magnetic Semiconductor Layers
Grubin, H.L.

On page(s): 1004-1010

Abstract

This discussion concentrates on novel semiconductor
quantum barrier/well devices that utilize spin-control
mechanisms available in diluted magnetic materials for
achieving higher-level functionality (e.g., transistor ac-
tion) at very high switching speeds and frequencies. The
potential simplicity in the design of DMS devices com-
pared with standard three terminal transistors with gate
controlled I-V characteristics, is that for DMS struc-
tures, no more than two terminals are required, as the
magnetic field in controlling the output of the DMS
device functions as a controlling third contact. Indeed,
properly designed, the magnetic field can transform a
passive device into an active device, tune the output of a
resonant tunneling device (RTD) fabricated with DMS
layers and modify the logic state of a device.

Towards De Novo Design of Deoxyribozyme Biosensors
for GMO Detection

May, E.E. Dolan, P.L. Crozier, P.S. Brozik,

S. Manginell, M.

On page(s): 1011-1019

Abstract

Hybrid systems that provide a seamless interface between
nanoscale molecular events and microsystem technolo-
gies enable the development of complex biological sen-
sor systems that not only detect biomolecular threats, but
also are able to determine and execute a programmed re-
sponse to such threats. The challenge is to move beyond
the current paradigm of compartmentalizing detection,
analysis, and interpretation into separate steps. We pres-
ent methods that will enable the de novo design and de-
velopment of customizable biosensors that can exploit
deoxyribozyme computing (Stojanovic and Stefanovic,
2003) to concurrently perform in vitro target detection,
genetically modified organism detection, and classifica-
tion.

Quantum 1/f Biochemical Detection Limits in THz
Signatures Revealed by Scanning Tunneling Microscopy
Currents

Truong, A.M. Handel, P.H. Fraundorf, P.

On page(s): 1020-1027

Abstract

It may be possible to amplify the characteristic THz fre-
quency oscillations of chemical and biological agents
that contaminate surfaces or samples examined with the
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scanning tunneling microscope (STM). This THz spec-
tral signature of the biochemical molecules competes
with the frequency fluctuations introduced as phase noise
close to the examined THz frequency by the 1/f fluctua-
tions of the tunneling resistance, of the resistance of the
STM tip, and of the spreading resistance in the sample.
Indeed, as we show below, the achievable spectral sens-
ing resolution is Aw/w = [2 C In 2]"2 = [2 In 2(fS,/R?)/
4Q, ‘12 =[1.66 - 10'2]'2= 1.3 - 10°°. Therefore, we have
calculated the quantum 1/f noise of STMs for the first
time, also determining the STM image resolution limits,
including both the conventional and coherent quantum
1/f (Q1/f) effects. The main contributions are found to
be quantum 1/f tunneling current noise, and quantum
1/feffect in the piezoelectric transducers in the feedback
loop that controls the position of the needle above the
sample. The results are compared with experimental data
on STM resolution.

Sensitivity of Carbon Nanotube Transistors to a Charged
Dielectric Coating
Pennington, G. Ervin, M.H. Wickenden, A.E.

On page(s): 1028-1035

Abstract

This paper investigates the electronic properties of sin-
gle-walled carbon nanotube field-effect transistors (SW-
CNT-FETs) in which the SWCNT element is coated with
a charged dielectric. The presence of remote charge on
the surface of the dielectric is considered to effect carrier
transport in the nanotube as a result of both carrier-scat-
tering and gate screening. Nanotube device characteris-
tics are simulated using the multi- subband Boltzmann
transport method incorporating scattering from both
phonons and remote charges. This allows assessment of
the sensitivity of a nanotube FET to the presence of a
charged dielectric coating during room temperature op-
eration. Results show remote charge scattering affects
the diameter (d) dependence of the peak conductance
and peak field-effect mobility of carbon nanotube de-
vices. Under phonon-limited transport conditions, these
peak values increase as ~ d and ~ d?, respectively. When
remote charge scattering is significant, peak values cease
to vary with diameter once a critical diameter reached.
Charge scattering is found to particularly degrade device
current at gate voltages that allow carriers scattering into
or out of a subband minimum. Furthermore, simula-
tions show that intersubband scattering resulting from
asymmetry in the circumferential remote charge density
becomes increasingly important as the nanotube length
decreases. The authors propose that remote charge scat-
tering effects may be applicable in sensing devices allow-
ing for the identification of the charge on a functional-
ized CNT coating.

Guided Self-Assembly of Silsesquioxane Nanocubes: Two
Lessons From DNA
Toth-Fejel, T.T.

On page(s): 1036-1040

Abstract

The most promising approach to molecular assembly
consists of manipulating and connecting chemically
synthesized nanoscale building blocks, of which the geo-
metrically most favorable are nanocubes. Silsesquiox-
anes are a promising set of such nanocubes-cubic cages
of'silica (~1 nm) with organic groups on each of the eight
corners. Silsesquioxanes could be synthesized into larger,
easier-to-manipulate multicage nanocubes (3-10 nm),
which have the advantage of presenting additional face-
bonding opportunities in a larger, easier-to-manipulate
molecule. The highest value products that nanocube as-
sembly will manufacture are fully 3-D electronic circuits
with 5 nm features. Such integrated circuits would con-
sist of nanocubes with electron-donating or electron-ac-
cepting semiconducting moieties in their intracube and
intercube links. The synthesized nanocubes must be po-
sitioned with high precision and reliability so that they
could be connected into NAND gates, billions at a time.
Two different approaches are available: (1) Wang cube
self-assembly and (2) pixilated DNA origami templat-
ing. Wang nanocubes are complex heterogeneous 3-D
nanocubes with precisely controlled anisotropy. Their
self-assembly would be similar to the sequential solid-
phase synthesis process used to make DNA oligomers,
and amino and bis-amino acid polypeptides, except that
instead of building 1-D linear chain molecules that need
additional weak-force self-folding and/or processing to
form 3-D nanostructures, Wang nanocubes could form
arbitrary 3-D nanostructures directly. Their existence
depends on the synthesis of complex enantioselective
multicage nanocubes with six independent face-connec-
tion chemistries with controlled orientation. In pixilated
DNA origami templating, higher order silsesquioxane
nanocubes would be attached (via amines, thiols, etc.)
to one of hundreds of custom-sequence helper strands.
Then, the molecular recognition of subsequences of a
long single-stranded scaffold connect via Watso- — n-
Crick binding to the matching helper strand/nanocube
complex, thereby making many arbitrary nanostructures
possible.
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Continuum Theory of Amorphous Carbon
Nanostructures
Umantsev, A. Akkerman, Z.

On page(s): 1041-1046

Abstract

Carbon is often considered to be silicon of the future be-
cause of the unique properties resulting from the variety
of possible structural forms. A wide range of electronic
properties of carbon yields many possible applications.
Classical thermodynamics successfully describes bulk
equilibrium of the diamond-graphite system in a wide
range of temperatures and pressures. Equilibrium in
the carbon system at nanoscale, however, has not been
clarified despite the significance of this information for
numerous existing and possible applications of carbon
in nanoelectronics. In the present paper, we analyze the
transition between diamond and graphite phases using
the continuum Landau theory. The theory sheds light
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on the details of such transitions, and more importantly,
predicts a new stable phase at nanoscale that can be used
in carbon-based nanodevices. We find that the transi-
tion state of a system capable of undergoing a graphite/
diamond phase transition gains thermodynamic stability
against the bulk phases under the conditions of a limited
volume if the barrier height of the transition is below the
critical value. In a large-size closed system, a heteroge-
neous mixture of the graphite and diamond phases is the
most stable state. In a small system (below the critical
size), the heterogeneous mixture is not possible and the
transition state becomes the globally stable state-a phase.
Based on the present analysis, we hypothesize that the
transition state is associated with the amorphous phase
of carbon observed experimentally. The theoretical re-
sults allow us to interpret the experiments on focused
Ga' ion beam scanning irradiation of single crystal CVD
diamond films, which produce highly conductive regions
on the diamond surface.
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BUMOTI'U 1O O®OPMJIEHHS CTATEN Y XKYPHAJI
THOOPMALIA JIA ABTOPIB

XKypuan “CencopHa ejekTponika i mikpocuc-
TEeMHi TeXHOJI0rii” Iy0JIiKye CTaTTi, KOPOTKi IMOBi-
JOMIIEHHSI, TUCTU A0 Pemakiiii, a TaKOX KOMEH-
Tapi, MO MIiCTATh pe3yabTaTh QyHIAMEHTAIBHUX
1 IpUKJIagHUX OOCiIXeHb, 32 HACTYITHUMU Ha-
MPSIMKaMU:

1. ®i3nuHi, XiMiYHi Ta iHII IBAIIA, HA OCHOBI
SIKMX MOXYTb OyTH CTBOPEHi CeHCOopU

2. IIpoextyBaHHS i MaTeMaTUYHEe MOJECITIOBAH-
HSI CEHCOPiB

3. Cencopu (i3MYHNX BETUINH

4. OnTUYHI, ONTOSJIEKTPOHHI 1 pamialliitHi ceH-
copu

5. AKyCTOeJIeKTpOHHi CeHCopu

6. XiMiuHi ceHCcOpU

7. BioceHcopu

8. Hanocencopu (¢ismka, MaTtepiaam, TEeXHO-
JIOTisT)

9. Marepianu 11l ceHCOPiB

10. TexHoJorist BUpOOHUIITBA CEHCOPIB

11. Cencopu Ta iHpopMaliliHi CHCTeMH

12. MikpocucreMHi Ta HaHO- TexHoJoril (MST,
LIGA-TexHom0Tis1, aKTIOATOPH Ta iH.)

13. Jlerpanmairisi, MeTpoJioTisT i cepTudiKallis
CEHCOpiB

KypHan ny0JiKye TakoxX 3aMOBJICHI OIJISIIU 3
aKTyaJIbHUX TMTaHb, 110 BiAIOBigalOTh MOro Te-
MaTulli, TTOTOYHY iH(POpMALlil0 — XPOHiKYy, Iep-
COHAaJIil, MJaTHI peKJIaMHi MOBiZOMJIEHHS, OroJ0-
IIeHHS 100 KOH(EpeHIIilA.

Marepianu, 1o HajacuiamThes A0 Pepaxiiii,
NOBUHHI OyTM HamucaHi 3 MaKCUMaJbHOIO $IC-
HICTIO 1 YITKIiCTIO BUKJIAAy TEKCTy. ¥ MOJAaHOMY
pykonuci ToBMHHA OyTM OOIrpyHTOBaHa aKTy-

aJIbHICTh pO3B’sI3yBaHoOI 3a7aui, cpopMyaboBaHa
MeTa JOCHiIXKEHHS, MiCTUTUCS OpUTiHaJAbHA Yac-
THMHA 1 BUCHOBKM, 110 3a0€3I1eUyl0Th PO3YMiHHSI
CyTi OTpMMaHUX PE3YJbTaTiB i iX HOBU3HY. ABTOpU
MOBUHHiI YHMKATU HEOOI'PYHTOBAHOI'O BBEACHHS
HOBUX TE€PMiHiB i By3bKOIPOiTbHUX KapTOHHUX
BUCJIOBIB.

Penakuist XXypHany mpocuTh aBTOpPiB MpU Ha-
MpaBJieHi cTaTeil 40 IPYyKY KepyBaTUCS HACTYITHU-
MU TIpaBUIAMMU:

1. Pykonucu NOBUHHiI HaaCUJIATUCS Yy IBOX
MNPUMipHUKAaX YKpaiHCHKOIO 200 pOCiiiChKOIO i aHT-
JIIAChKOIO MOBaMM i CyIpOBOIKYBaTUC (paitnaMu
TEKCTY i MaJIIOHKiB Ha AucKeTi. EnekTpoHHa Korist
MoXe OyTU HajdicaaHa eJeKTPOHHOIO IOIUTOIO.

2. [MpuitHatHi popmatu Texkcty: MultiEdit (txt),
WordPerfect, MS Word (rtf, doc).

3. IlpuitHATHI rpadiuHi ¢opMaTu MJISI PUCYH-
kiB: EPS, TIFE, BMP, PCX, WME, MS Word i MS
Graf, JPEG. PucyHku cTBOpeHi 3a IOIIOMOTIOIO
MPOrpaMHOro 3abe3reueHHs s MaTeMaTUYHUX
1 CTAaTUCTUYHUX OOYMCIIeHb, MTOBUHHI OyTU Tiepe-
TBOPEHi JO OAHOTIO 3 LIMX (DOPMATiB.

Pykonucu HascuaaTH 3a aApecolo:

Jlenix SIpocaas Laiu, 3am. ro. Penakropa,
Onecbkuii HALliOHAJIbHUH YHIBepcHTET iMeHi
I. I. Meunukosa, MHH®TII (H/JI-3),
By.1. JIBopaHceka, 2, Oneca, 65082, Vkpaina.
Tenedon / pakc +38(048) 723-34-61,
Tea. +38(048) 726-63-56.
E-mail: semst-journal@onu.edu.ua,
semst-journal@ukr.net
http://www.semst.onu.edu.ua

IlpaBuna NiATOTOBKU PYKOMUCY:

Pyxonucu MOBUHHI CYIIPOBOJIXKYBAaTUCS
oMiMiTHIM JTUCTOM, TIAITMCAaHUM KePiBHUKOM YC-
TaHOBU, A¢ Oyna BUKOHaHa pobora. Lle mpaBuio
HE CTOCYEThCSI pOOIT MpeAcTaBIeHUX MiXHAPO/-
HUMMU IpyllaMU aBTODIB.

ABTOpCBHKe MpaBo nepexoautb Bugasiiio.

TutynbHui apKym:

1. PACS i VYuiBepcanpuuii Jdecsarkosuit Kox
Knacudikanii (VIAK) (m1s aBTOpiB i3 KpaiH
CHJI) — y BepxHboMmy JiBoMy KyTi. [omyc-
Ka€eThCs OeKibKa BiIAUIEHMX KOMaMHu KOJiB.
Axmo Higki komy Kiaacugikallii He TTO3HAYEHI,

kon(m) Oyme(-yTh) BM3HaAueHO PemakiiiiiHoro
Kouneriero.

2. Ha3Ba podotu (110 LIEHTPY, IPOIIMCHUMM JIi-
Tepamu, mpudrt 14pt, XKUpHO, YKpP., POC., aHTI.
MOBaMN).

3. IlpizBume (-a) aBTopa(-iB) (110 eHTPY, HIPUGT
12pt, yKp., poc., aHTJI. MOBAMH).

4. Ha3pa ycraHoBH, ITOBHA aapeca, TeaedOoHH i
daxcu, e-mail mIg KOXXHOTO aBTOpa, HIKYE, Ye-
pe3 OIUH iHTepBaJl, OKPEMUM PSIKOM (110 LIEHTPY,
mwpudt 12pt).

Anoramnis: 1o 200 ci1iB yKpaiHCBKOIO, aHITTiCh-
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KoI0 i pociiicbkoro MoBamu. Ilepen TekcToM aHO-
Talil TOTPiOHO BKa3aTH Ha Tiil ke MOBi: Ha3BYy poO-
00TH, Mpi3BUIIIA i iHilliaax BCiX aBTOPiB.

s aBTOpiB 3 3aKOPIOHY, SIKi HE 3HAIOTh YK-
paiHCBhKOiI ab0 POCiiiChbKOI MOBU, JOCTaTHBO aHO-
Talii i Mpi3BUILIA AaHITiCHKOIO.

KiouoBi ciioBa: ixHs KiIbKiCTh HE TTOBMHHA TTe-
peBUIIYBaTH BicbMHU CJliB. B ocobinBux BUMagkax
MOXHa BUKOPUCTOBYBATU TEPMiHU 3 ABOMA — UM
TpboMa cjaoBaMM. Ili cioBa MOBUHHI OyTH pO3-
MillleHi i aHOTali€l0 i HamucaHi Ti€E camMolo
MOBOIO.

TekcT moBUHEH OyTHM HanpyKoBaHMI depe3 1,5
iHTepBaiu, Ha O6inomy nanepi ¢opmaty A4. Ilons:
31iBa — 3cM, crpaBa — 1,5cM, BBepXy i 3HU3Y —
2,5cMm. Ipudt 12pt. ITig3aronoBKu, SKILO BOHU €,
TMOBUHHI OYyTW HaApyKOBaHi MPONMUCHUMU JIiTepa-
MU, XKUPHO.

PiBHgHHs MOBWHHI OyTWM BBEIEHi, BUKOPUC-
toBytoun MS Equation Editor a6o MathType.
Po6oTH 3 pyKONMCHUMU BCTaBKaMU He MpUiiMa-
IOThCSI.

Tabamni moBMHHI OyTY TIpenCcTaBeHi Ha OKpe-
MUX apKyliax y opMati BiAOBiZIHMUX TEKCTOBUX
¢dopmariB (ouB. Bulle), Y4 y GopmaTi TeKcTy (3
KOJIOHKaMU, BildileHUMHU iHTepBaJlaMU, KOMaMHU,
Kparnkam 3 KOMOIO, UM 3HaKaMM TaOyII0OBaHHS).

Cnucok JiTepaTypu TOBUHEH OyTH HaJpyKoBa-
HuUit yepes 1,5 iHTepBanu, 3 JiTepaTypolo, MPOHY-
MEPOBAHOIO B MOPSAKY ii IMOSIBU B TEKCTi.

ITopsimok ogopMIleHHS JiTepaTypu ITOBUHEH
Bigmosimatu BuMoram BAK VYkpainu, Hanmpukiaz

1. bepecroBckuit B.b., JIudpmmuu E.M., ITuta-
eBckuit JI.I1., KBaHTOBas1i 3JeKTpoAMHAMUKA. —
M.: Hayka, 1984. — 430 c.

2. Cepruenko A.M., Yepnora PUN., CeprueH-
ko A.S., Ontummzanms nudposoii cetn //DTT. —
1992. — T.7, Ne6. — C. 34-38.

3. Bramley R., Faber J.M., Nelson C.N. et
al., Gas sensor research // Phys. Rev. — 1978. —
No6. — P. 34-38.

4. Stirling A.N. and Watson D. Progress in Low
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Temperature Physics. — North Holland, Amster-
dam.: ed. by D.F. Brewer, 1986. — 248 p.

5. Ipomos K. ., JTanacoepr M.D., OnTtumanis-
HOe Ha3HaueHue mnpuopureroB //Tpymbl Mex-
OyHap. KoHd. “JIokajqbHbIE BBIYMCIUTEIbHBIC
cetu”(JIOKCETD 88). — Tom 1. — Pura:MUBBT
AH JlatBun. — 1988. — C.149-153.

6. Elliot M.P,, Rumford V. and Smith A.A. The
research of the optical sensors. — NY. 1976. —
37 p.(reprint./ TH 4302-CERN).

7. Ilanumona A.H., TakiB A.C. JJocaimkeHHs
ontuyHuX ceHcopiB. — K: 1976. — 37 c. (Ilpemnp.
/AH VYxpainu. IH-1 KibepHeTuku; 76-76).

8. Bacunbes H.B. OntuyHi ceHcopu Ha ILIiB-
kax A B : /luc. kaH.(i3. — Mat. Hayk, 05.05.04. —
K.,1993. — 212c.

Iligmucu 1o pucyHKIB i TAOMIL TTOBMHHI OyTH
HaJApYKOBaHi B PYKOIMKCi 3 ABOMa MpobitaMu mic-
JIST CITUCKY JIiTepaTypu.

BuHoCOK, SIKI1I0 MOXJIMBO, OaXkaHO YHUKATHU.

Pucynkun OyayTh CKaHOBaHi JJi1 LM(POBOTo
BinTBOpeHHs. ToMy MpUIIMAalOThCS TiIbKA BMCO-
KOSIKiCHi pUCYHKH.

Hamnucwy i cumMBoM MOBWHHI OyTH HaIPYyKOBaHi
ycepeauHi pucyHKy. HeratuBu, cinaiiau, i gianosu-
TUBU HE IPUIMAIOThCSI.

KoxeH prcyHOK MOBUHEH OYTH HaapyKOBaHUA
Ha OKPEeMOMY apKyIlli i MaTH po3Mip, 110 He Hepe-
puiye 160x200 mM. 11 TEKCTY Ha pUCYHKaX BU-
KopucToByiite WipudT 10pt. OnMHULI BUMipy TTO-
BUHHi OYTM MO3HAYeHi MicJas KOMU (HE B KPYTJIUX
JTy>XKax). Yci pUCyHKH MOBUHHi OYyTU TPOHYMEPO-
BaHi B MOPSAKY iX MOSBU B TEKCTi, 3 YaCTUHAMMU
MO3HaYeHUMU SK (a), (0), i T.A. Po3MimeHHS HO-
MEpiB PUCYHKIB i HAMUCY ycepeaIuHi MaTIOHKIB He
JIO3BOJISIIOTHCS. 3i 3BOPOTHBO1 CTOPOHU, HAMUILIITh
OJIiBLIEM Ha3By, MNpi3Buile(a) aBropa(-iB), HOMep
MaJTIOHKA i TTO3HAYTE BEPX CTPIIKOIO.

®ororpadii noBUHHI OyTH OpUTiHATLHUMH.

KonbopoBuit ApyK MOXJIMBUIA, SIKILIO MHOro
BapTiCTh CILUIAUYETHCS aBTOPaAMU YU iX CIIOHCO-
pamu.
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“Sensor Electronics and Microsystems Tech-
nologies” publishes articles, brief messages, letters
to Editors, comments containing results of funda-
mental and applied researches, on the following
directions:

1. Physical, chemical and other phenomena, as
the bases of sensors

2. Sensors design and mathematical modeling

3. Physical sensors

4. Optical and optoelectronic and radiation sen-
SOrS

5. Acoustoelectronic sensors

6. Chemical sensors

7. Biosensors

8. Nanosensors (physics, materials, technology)

9. Sensor materials

10. Sensors production technologies

11. Sensors and information systems

12. Microsystems and nano- technologies (MST,
LIGA-technologies, actuators)

13. Sensor’s degradation, metrology and certi-
fication

The journal publishes the custom-made reviews
on actual questions appropriate to the mentioned
subjects, current information — chronicle, special
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the purpose of the work should be formulated. It
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viding understanding of essence of received results
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