HOMC: Hagexabl n pa3oyapoBaHUA

MOMC, H3MC MUKpO-, HAHO3/IeKTPOMEXAHNYEKME CUCTEMbI — 0bbeaNHEHNE MeXAHMYECKUX OCLLUNNATOPOB
C 3/1eKTPOHHbLIMW 31IeMEHTAMWN: OAHO3NEKTPOHHLIMU TPAH3NCTOPAMU, NONEBLIMU TPAH3UCTOPAMMU C
noe3osddekToM, C ayenkamum Kyneposckoun napsl (Kb, CPB), KBAHTOBbIMU TOYKAMMU.

Hapexxabl:

Ha KOMMep4yeCcKoe npnMeHeHne B Ka4yecrtee l'IpI/I60pOB AN1A BbICOKOTOYHOIO U3aMepeHna Cnibl,
JIEKTPUNYECKOIo 3apiaaa, MaccChl, B Ka4eCTBe 6|/|OC€HCO|DOB;

Ha HabNAeHNA KBAHTOBbIX CBOMCTB M@30CKOMMYECKUX CNCTEM;

Hd BO3MQXHOCTb MPUMEHEHWNA HM oCcUMNNNATOPOB B He/IMHENHOM pexnmMme B Ka4yecTtBe 3J1eMeHTOB NaMATH, B
KOM6VIHaLI,I/Il/I c ayenkamm KI1 — B KauecTBe 3/1eMeHTOB KBAHTOBbIX KOMMNbKOTEPOB,

Ha NCMONb30BaHUE pa3MepHbIX 3DPEeKTOB B MIACTMHE OCLUANATOPA B 3/IEeMEHTAX CIUHTPOHUKN ANA
CBA3bIBAHMA 6€3 MAarHUTHOro NOJA cTeneHen cBobOAbl CNMHA 3N1eKTPOHA CO cTeneHaMu ceoboabl HM
ocuunnaTopa.

YrnepoaHble HAHOTPY6KM.

YHUKaNbHble MeXaHU4Yeckne n apyrue gusnyeckme CBONCTBA.

YrnepoaHbie HAHOTPYOKN, 0COOEHHO MHOIOC/IOMHbIE, MOTYT UIpPaTh KJIKOYEBYIO POJib B HAHONpPUbOpax 1 B
HaHOMeXaHU3MaXx n3-3a CNOCOBHOCTN OTHOCUTENLHOIO ABUKEHUA UX CTEHOK.

[BYXCTEHHbIe HAHOTPYOKN NOAO6HbI cucTeMe ramka-6onT. MOXXHO CKOHCTPYMPOBATb TakMe YCTPOWMCTBA, Kak
HaHoZpeNb U HAHOPE3UCTOP, HAHOMNOALWMMHUKMW, HAHOWECTEPHU, YNPABAAEMble 3N1eKTPOCTATUYECKOW
CMNOWN MeXaHuYyeckne HaHOKJoUYKM. icnonb3oBaHWe B KAa4eCTBe HAHOMWHLLETOB, HAHOPA3MEPHbIX
aKTyaTOpPOB, K/o4Yel B yCTPONCTBAX NAMATU C MPOU3BOJIbHbIM AOCTYMNOM.

MuTaembli OT 1a3epa BpalLaTebHbIA MOTOP. HAaHOTPYOKM NepCcnekTUBHbI U Kak rmrarepL,oBblie
OCLUNNATOPBI.



HaHoMeXaHn4yeckue OCUUNNATOPDLI.
TeXHOJIoOrmnyeckmne AoCTnxxXxeHumsA
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[ToTeHITHAEHAA YYBCTBHTENBHOCTE (IIPH BEPOATHOCTH OMMHOKH O0HApPY/KEeHHA
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V kpemuns E=15x10"HM’, p=2,33x10'st/M’, COOTBETCTBEHHO.
Ep~3.5x10"Hxe/ M  Tlomoxus ! =10MxM. w=100#M. t=100sM T =1K

MOy YHM

2.5%x107 .
F = H/iITy -
-0 i (8A.2a)

113 SKCIIepHMEHTOB 7 ~ . COOTBETCTBEHHO. O ~m. (Q ~wil = O =qwtl)

ﬁ L wit’ |1
10 ) Ligwtl ] \q* |

3

F, =[ 4 ] (Ep)" (k,Tar)"
ql

YyBCTBUTEIBHOCTD 3aBHCHT OT OTHOLIEHHA #//°, M MOXHO IOTYYHTE
3a/IaHHYIO YYBCTBHTEIBHOCTH IPH MUKPOHHEIX, 4 HE HAHOMETPOBBIX TONIIHHAX.
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DKCIEPUMEHTANBHO JOCTHTHYTA YYBCTBUTEIRHOCTE 5.6x107°H /Iy 1IpH

4.8 K B BakyyMe Ha KpeMHHEBOM MOHOKPHCTAITHYECKOM KaHTHIeBepe ¢ T = 600
A, ke -6,5x10°H/M (B 10° pa3 MeHEIIe. UeM B OOBIUHEIX aTOMHO-CHIOBBIX
MHEDOCKOIIAX)



Pe30HaHCHbIN n3mMepuTenb Maccbl Ha ocHoBe HM ocuunnnatopa
(MporHo3npyeTcs YyBCTBUTENbHOCTb 1 JanbToH (1,66 10-27kr). MonydyeHo 1021 kr.)
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FIG. 4. Mass sensitivity limits imposed by temperature fluctuations as a
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3 Stress-induced mass detection
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The ability to tailor the surface properties with specific biomolecules can be used to
create chemically functionalized NEMS oscillators for study of physical chemistry,
biocompatibility, DNA hybridization, and biomolecular interactions.




about 3 » 107" g With these devices, we can detect the mass of single-virus particles bound to the
canfilever. Resonant frequency shuft resulting from the adsorbed mass of the virus particles
distinguished soluticns of virus concentrations varying between 10° and 107 pfu/ml Coatrol
experiments using buffer solutions without baculovirus showed small amounts (<50 attograms) of
nenspecific adsorption to the antibody laver. © 2004 American Institute of Physics.
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FIG. 2. (Color) Frequency spectra and sensitivity of the nanoelectrome-
chanical cantilevers. (a) Measured frequency spectra of as fabnicated [
=6 pm oscillator (black), with additional antibody (green) and bacullovirus
(red) mass loading. Insets schematically depicts binding of AcV1 to the
substrate (left) and immobilization of baculovirus (right) (b) Frequency shaft
as a function of the baculovirus concentration for 6-pum (black)-, 8-pum
(red)-, and 10-gm (blue)-long cantilevers. (¢) Frequency spectra of control
measurements with /=8 pum cantilevers (black), with antibodies (green),
buffer solution without baculovirus (blue) and a buffer solution containing
bacullovirus of 10° pfu/ml concentration (red).
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Strain-Induced Coupling of Spin Current to Nanomechanical Oscillations
A. G. Mal’'shukov,1 C. S. Tang,2 C. S. Chu,3 and K. A. Chao4

FIG. 1 (color online). Schematic illustration of electrome-
chanical spin-current detector, containing a suspended
semiconductor-metal (S5-M) rectangular rod atop an insulating
substrate (blue). A spin current is injected from the left semi-
conductor reservoir (vellow) and then diffuses toward the me-
tallic film (green). While passing through the semiconductor
film, the spin current induces torque shown by the black arrow.



Fig. 9. P poly-Si, wGey s resonator fabricated on top of a C(MOS
amplifier with Al-5i(2%) metallization. Wires are bonded to the

exposed Al-5i(2%) bond pads (from [43]).
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Fig. 8. cant¥ ever device (microphotograph and schamatic
representation) far integrated nonvolatile memory (from [30]).

cﬂpﬂﬂiw Fig. 8. Cantilever device (microphotograph and schematic
;_T:;u, o representation) for integrated nonvolatile memory {from [30]).
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CMOS- TpaH3UCTOPLI

KMOI (K-MOI1; komnnemMeHTapHas Iornka Ha TpaH3ncTopax MeTaan-okCcna-
nonynposogHunk. CMOS, Complementary-symmetry/metal-oxide semiconductor) —
TEXHOI0rna NOCTPOEHMUA INTEKTPOHHbIX cXeM. B TexHonornn KMOT1
MCNOJL3YIOTCA NOJIeBble TPAH3UCTOPbI C U30/IMPOBAHHbLIM 3aTBOPOM C KaHaNaMu
pa3zHou nposoanmMocTn. OTAnYynTeNbHOM 0cobeHHOCTbIo cxem KMOIT no
CpaBHeHUIO C bunongapHoiMu TexHonorunamu (TTJ1, 3CJ1 n ap.) ABngaeTca o4yeHb
Masioe 3HepronoTpebneHne B cTaTUYeckoM pexnme (B 60NbLIMHCTBE CyYyaes
MOXHO CYMTaTb, YTO IHEPrug NoTpebnseTcs TONbKO BO BPeMs MepeK/IoUeH s
coCcToAHUN). OTANYNTENBHON OCODEHHOCTbLIO CTPYKTYpPbl KMOIT no cpaBHeHUIO C
apyrnmm MOIMM-ctpyktypamu (N-MOI1, P-MOI1) anaeTca Hannyume Kak n-, Tak U p-
KaHa/bHbIX MOJNIEBbIX TPAH3UCTOPOB; Kak cnepcteme, KMOI-cxembl obnapaoT
bonee BbICOKUM ObICTPOAENCTBMEM N MEHbLLIMM dHepronoTpebneHnemM, ogHAKO
Npy 3TOM XapaKkTepu3yTca bonee CI0XKHbIM TEXHOIOMMYECKUM MPOLLECCOM
N3roTOB/IEHUA N MEeHbLUEeWN NMNJIOTHOCTbIO YMNAKOBKMU.

MNopasnswou,ee 60/bLIMHCTBO COBPEMEHHbIX TOrMYECKMX MUKPOCXEM, B TOM YncCne,
NpoLeccopoB, UCNOMb3YIOT cXxeMoTexHUKY KMOIT.

Gate
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