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CoBpeMeHHble TeHAEHLUU pa3BUTUSI TEXHOJIOMUI NpeBoC-
xoAcTBa (HenpeABUAEHHbIX, MPOPbIBHbIX, KPUTUHECKUX)
XapaKTepusyoTCsl COBOKYMHOCTbIO Hanbosee YacTo accoum-
MPYeMbIX C HUMU MOHSITUI: MEXXAUCLMIVIMHAPHbIE, KOHBEP-
reHTHble, BUOHNYeCcKNe, KOFHUTUBHbIE, aTOMHO- M HAHOpas3-
MepHble, KBaHTOBO-MH($OPMaLIMOHHbIE, CMUH-BO/IHOBbIE.
Lienb HacToswen paboTbl — NpeAcTaB/ieHue GpopMUpyemMoro
C.-MeTepbyprcknm rocyAapcTBeHHbIM /1eKTPOTEXHMNYE-
CckumM yHuBepcuTeToM (JISTU) 1 3A0 "MeXXBY30BCKWUIA LLIeHTP
MPOTOTUNUPOBAHWUS N KOHTPaKTHOrO NPOM3BOACTBa MUKPO-
M HAHOTEXHUKW' HAy4HO-TEXHOJIorM4eckoro 6asuca ans
CO3[,aHUSi MUKPO- U HAHOTEXHUKU, B OCHOBE KOTOPOW J1eXar:
rM6KOCTb U TPEXMEPHOCTb NOAJ/I0XEK, FeTEPOreHHOCTb N
KOHBEPreHTHOCTb UCMO0J1b3yeMbIX KOMMO3ULIMA U MyJ/IbTU-
AVNCLUMINIMHAPHbIA OpraHo-HeopraHM4eckui uHTepdec.

HMKPO- M HAaHOTeXHOJIOIMYecKoro KOMILIeKca, Jek-
cTByromero Ha 6ase JIOTU [1], sBnsiercss "TIporpaMma
IOBBbIIIEHHsI KOHKYPEHTOCIIOCOOHOCTH BY30B Cpenu
BeZIyIIHMX MHPOBBIX HAay4YHO-00pa30BaTe/bHBIX LIEHTPOB'.
(ITocTaHoB/IeHMe IIpaBHTenbcTBA PO or 16 Mapra 2013 T.
Ne 211). JISTH Bo1wes1 B 3MUTHYIO KOMaHAYy 15 By30B Poccru,
PeayM3yIolKX 3Ty IIPOrpaMMy. B KadecTBe MpHOpHTe-
TOB €ro JesTe/IbHOCTH OIIpefie/ieH Psifi CTpaTerdyecKHx
HaIlpaBJIeHUM: TeXHOJIOTMM IIPeBOCXOJCTBA M 06paso-
BaHUe JIJIs. HOBOL TeHePallMH 4e/I0BeYeCcKOro KaIlhuTasla,
TpaHchep TeXHOIOTUI U 3KOHOMUKA 3HAHUL.

Wmafomnm dakTopoM Haudajza MOAepHH3ALIUU

TEXHOJIOTUU NPEBOCXOACTBA U ObPA3OBAHUE

TEXHOJIOrMN NPEBOCXOACTBA:

+ HaHo- ¥ MeTaMaTepHaJIbl /151 KBAHTOBbIX, OM0- M KOTHH-
TUBHBIX HTHPOPMAITHOHHBIX TEXHOIOTHH: KBAHTOBO-Pa3-
MepHbIe ¥ KOHBepPreHTHBIe CUCTeMBI; CAMOOPraHH3y10-
IKecs cpefibl; GOTOHHBIE KPHUCTAI/Ibl; CIIMH-BOTHOBASL
3/IeKTPOHUKA; OL03/IEKTPOHKKA 1 CEHCOPUKA.

 TeHepanus, mpeobpasoBaHue, peKyIepaiys U TPaHC-
NSALMS 371eKTPOMarHUTHOM 3HePruu B HMIKMPOKOM
CIIeKTPa/JIbHOM JHalla3oHe: HIKHPOKOIOJOCHBIE
pafiKo3/eKTPOHHBIE CHUCTeMBbl; TeparepleBas-
U cybHaHOCEKyH/IHasl 3eKTPOHMKA; KaHATHPOBaHHe
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SCIENTIFIC-TECHNOLOGICAL
COMPLEX OF EXPRESS PROTO-
TYPING OF PRODUCTS OF FLEXIBLE
ELECTRONICS AND PHOTONICS

P.Afanasyev, Ph.D., 0.Bokhov.,Ph.D., V.Luchinin,
D.Sc./cmid_leti@mail..ru

Modern development trends of the technologies of
superiority (unforeseen, breakthrough, critical) are
characterized by a set of concepts most frequently
associated with them: interdisciplinary, convergent,
bionic, cognitive, atom- and nano-sized, quantum-
information, spin-wave. The purpose of the given work
is presentation of the scientific-technological basis for
development of micro- and nano-technologies formed
by the S.-Petersburg State Electrotechnical University
(LETI) and Joint-Stock Company Interuniversity Center
for Prototyping and Contract Manufacture of Micro- and
Nano-technologies. The idea of it is based on flexibility
and three-dimensionality of a substrate, heterogeneity
or convergence of the employed compositions and a
multidisciplinary organic-inorganic interface.

e decisive factor for launching modernization of the
micro- and nano-technological complex operating
on the basis of LETI [1] is the "Program for increasing

the competitiveness of the higher schools among the
leading world scientific-educational centers" (Order Ne 211
of the Government of the Russian Federation of March,
16th, 2013). LETI, one of the elite group of 15 best higher
schools in Russia, has the following strategic priorities:
technologies of the superiority and education for the new
generation of the human capital, transfer of technologies
and economy of knowledge.

TECHNOLOGIES OF SUPERIORITY AND EDUCATION

TECHNOLOGIES OF SUPERIORITY:

« Nano- and metamaterials for the quantum, bio-
and cognitive information technologies: quantum-
dimensional and convergent systems; self-
organizing environments; photon crystals; spin-
wave electronics; bioelectronics and sensorics.

+ Generation, transformation, recuperation and
translation of the electromagnetic energy in a
wide spectral range: broadband radio-electronic
systems; THz- and subnanosecond electronics;
channeling of the electromagnetic radiation in
GHz range; recuperation of energy from the air.
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Puc.1. Mamepuanosedyeckuli 6a3uc mexHoAo2uli npesocxodcmaa 8 06aacmu MUKpOo- U HAHOMEeXHUKU
Fig.1. Materials-science basis for the technologies of superiority in the sphere of micro- and nano-devices

3/IeKTPOMArHUTHOrO U3/IyUeHHUS B TUrarepreBoM

JYalla3oHe; peKkyIlepaliys SHepruu 13 pagrosdrpa.

« Buonuveckue poboToTeXxHHUecKHe U bHOMenU-
IIMHCKHEe CHCTeMBI i obeclieyeHU s KU3Hemes-
TEJIBHOCTH YeJI0BeKa U PACLHIMPEHUS €ro BO3MOXKHO-
CTel: UCKYCCTBEHHbIe OPraHbl, HHTe/IeKTyaIbHasl
ozmexkza, 1abopaTopuH Ha YHIIe.

AHanu3 1oKasasl, YTo OIpefessoUM IIPHU pea-
JHA3aLMHU JAHHBIX HAIIPaB/IeHUN SB/SETCS MaTepu-
anoBenyeckuy 6a3uc. HampaBieHUSs ero SBONIOLUU
IIPHMEHHUTEeTBHO K Hay4yHO-06pa3oBaTeIbHBIM KOMIIE-
TeHIUSAM, pa3BuBaeMbIM JIITH, 6bl1H ompe/iesieHb
B paMKax 0600IeHHON KOHIeNIIIUH (pHC.1).

JBomonus GU3NKO-XUMHUYECKON IIPHUPOABI MaTepH-
aJI0B, UX CTPYKTYPHOI OPTaHU3ALUHU U QPYHKIIHOHATIb-
HBIX CBOVICTB B KOHEUHOM HUTOr'e OIIpe/iesisieT BO3MOKHOCTb
$OpMYIHPOBKY COBOKYITHOCTH TPebGOBaHMUIM, KOTOpBIE
MOTYT 6BITh ITPebSIBJIEHBI K U3[e/TUSIM MHUKPO- 1 HaHO-
TeXHUKHU (prc.2). OnHa U3 Ba)KHEHIINX TeHIeHIIUH ee
pa3BuTHUs - obecrieueHHe APy>ReCTBEHHOr0 3G eKTHUB-
HOTO "4eJI0BeKO-MalIHHHOI0' 6H0TeXHUYeCKOro UHTep-
detica. B paMKax cOBpeMeHHBIX IIPeJICTABIeHHH 3TO OIIpe-
IensieTcs TpebOBaHUSIMU MUHUATIOPHOCTH, HAEXKHOCTH,

* Bionic robot-technological and biomedical systems
for the life-support of people and expansion of
human abilities: artificial organs, smart clothes,
laboratories on chip.

An analysis has demonstrated that the decisive
factor in realization of the above directions will be
the basis of the science of materials. The trends in its
evolution with reference to the scientific-educational
competences developed by LETI were defined within
the framework of the generalized concept of LETI
(Fig.1).

Evolution of the physical and chemical nature
of materials, their structural organization and, as
a consequence, functional properties in the long
run determines possibility of formulation of a set
of demands, which can be made to the products
of micro-and nanotechnologies (Fig.2). One of the
major trends of its development is provision of a
friendly effective "man-machine” biotechnical
interface. Within the framework of modern notions
this is determined by implementation of a set of
requirements concerning diminutiveness, reliability,
energy-efficiency and, certainly, integrability
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Puc.2. Tpe6osaHus K cospemeHHOoU MUKpPO- U HAHOMEXHUKe
Fig.2. Requirements to modern micro- and nano-devices

5Hepro3gp$eKTUBHOCTH U, 6e3yC/I0BHO, HHTEIPHPYeMOCTH
B paMKax in vivo U in vitro 61o0coBMECTUMOCTH.

Huaunuyartysa JIOTH mo MogepHU3aAL U Haquo-o6pa—
30BaTeIbHOI0 KOMILIEKCA MHKPO- M HAHOTEXHOJIOI MU [/l
3KCIIPeCC-IIPOTOTHUIIMPOBAHUSI K IIPOU3BOCTBA MUKPO-
1 HAHOTeXHHKH, HMeeT C/Ie[IyIOII e OCHOBAHMISL:

- BO3MOKHOCTH 3G $eKTHBHOIO HCII0/Ib30BAHK S Pe3yJIb-
TATOB HCCAeLOBAHUN U Pa3paboTOK, BEIIIOTHEHHBIX
B HOLl "MUKPOTEXHOJIIOTUH U AUATHOCTUKU" u HOL]

"HaHOTeXHOJIOTHUU' B PAMKAaX peanH3aliui COBOKYITHOCTH
11poeKToB PLIII 10 CO3IAHMUIO U3eTHI MUKPOCHCTEMHOM
TeXHUKHU U 3KCTPeMaJIBHOK 7IeKTPOHUKH HOBOT'O [TOKOJIe-
HUSI C PaHee HeJJOCTYDKUMBIMU ITapaMeTpaMy;

- CO37laHMe YCIOBUH /ISt GOPMUPOBAHMS COBpEMEHHOM
KOHCTPYKTOPCKO-TeXHOTIOTMYeCKOH I/IaTGOPMBI 1 BHEpe-
HIe HOBOK KY/IBTYPbl IIPOEKTUPOBAHUS K M3TOTOBIEHUS
37IeKTPOHHON KOMIIOHEHTHOM 6a3bI (9KEB) ¢ oCTHReHHEM
HOBOT0 0O/IKIKA M3Ie/THH, PACIIUPeHKeM X HOMEHK/IATYPbL
ITPY MUHUMH 31K BpeMeHHbIX M 5KOHOMHYeCKHX 3aTPaT;

- Pa3’BUTHE UCCIIEAOBATENBCKOM 6a3bl U GOPMUPOBA-
HMe KaIpOBOro II0OTeHIIHaJIa C YPOBHEM KOMIIeTeHLIUH,
COOTBETCTBYIOLUIMM COBpeMEHHON MHKPO- U HAHOTeX~
HOJIOTHUeCKOM KYJIBTYyPe.

daKTHYeCKH II0CTaB/IeHA Lie/ib GOPMUPOBAHIS U BBefle-
HU$1 B 3KCIUTYATALHIO HAy THO-TeXHOIOTMYeCKOro KOMIIEKCa
3KCITPeCC-TIPOTOTUITMPOBAHUS 1 IIPOK3BOZICTBA HOBOT'O IIOKO-
JIHUSI U3[Ie/TUH MUKPO- Y HAHOTEXHUKH. JTO IOCTUTAETCS
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within the framework of "in vivo" and "in vitro"
biocompatibility.

The initiative of LETI concerning modernization
of the scientific-educational complex of micro-
and nanotechnologies for express prototyping and
manufacture of micro- and nano-devices has the
following foundations:

-Possibility of an effective utilization of the
results of R&D done in Microtechnologies and
Diagnostics Scientific-educational Center and
Nanotechnologies Scientific-educational Center
within the framework of realization of a set of
projects of the Federal Task Program for development
of microsystem technologies and extreme electronics
of a new generation with earlier unattainable
parameters;

-Provision of conditions for formation of a modern
design-technological platform and introduction of
a new culture of designing and manufacture of the
electronic component base (ECB) with achievement
of a new image of products, expansion of their
nomenclature with minimal time and economic
costs;

-Development of a research base and formation of
a personnel potential with the level of competences
corresponding to the modern micro- and
nanotechnological culture.
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OpraHu3aluer rub6Kol KJIacTepHOM Hay4YHO-IIPOU3BOL-
CTBEHHOM HHPPACTPYKTYypbl, 0becriedBaoNel AHHAMUY-
HYIO peaii3aliyio Ha BBICOKOTeXHOTIOTMYHOM allllapaTHO-
IIpOrpaMMHOM I1aTGOpMe COBOKYITHOCTH TeXHOIOIHYe-
CKHX MApLIPyTOB U3rOTOBJIEHH S INHPOKOK HOMEHK/IATYPbl
H37Ie/IHH, OCHOBA POPMHUPOBAHU A KOTOPBIX:

~ MOZYJILHBIM IIPUHIUII KOHCTPYKTOPCKO-TeXHOJIOTHYe-
CKOM peasIM3allyy U3JeuLl;

- yHUOUKAIMS U IPUMeHeHHe beckopitycHow JKB;

~ HCIIO/Ib30BaHHE MHOTOKPHCTA/IBHBIX MOZY/IEH, MHOTO-
CJIOMHBIX KePAMUYeCKHX, THOKHX U 3D- IOJIJIOKeK;

- BHeJlpeHHe 3D- K ME>KBUJIOBOM UHTEIPALIUH 37IeKTPOH-
HBIX, OIITHYEeCKHX U MeXaHUYeCKHX KOMIIOHEHTOB.

HAYYHO-TEXHO/IOTMYECKUE NPUOPUTETDI -
FMBKAS SNNIEKTPOHUKA U ®OTOHUKA
Ocoboe MeCTo B HAyYHO-TEXHOTIOTTYECKOM KOMILIEKCe, OpH-
€HTHUPOBAHHOM Ha CO3[aHUE HU3[eTHUN MUKPO- U HaHO-
TeXHUKH, 00eCIIeuHBaIOIIMX IPY>KeCTBEHHBIH "UeI0BEKO-
MAIIMHHBIA GHOTeXHUYeCKHUH HHTepeFC, 3aHUMAIOT TeX-
HOJIOTHH THOKOH 37IeKTPOHUKH U POTOHUKH. TepMUH "THO-
Kast 37MeKTPOHUKA', OTPasKaIOMIKE KOHCTPYKTHBHO-GYHKIIH-
OHAJIbHBIE 0CODEHHOCTH pa3MelleHHs 37IeMEeHTOB, KOMIIO-
HEHTOB M CUCTeM KOMMYTAIIMH, IIPOLIeCCOB COOPKU U yIIa-
KOBKH, UMeeT Psifl CHHOHHMOB. OHHU JeTa/TU3UPYIOT COCTaB-
JISIFOLIMe JAHHOTO HAIIpaB/IeHHsI: MaTepHaIOBeUeCKUH
6a3uc, BKII0YasI IIOZIIOKKY, HEKOTOPbIe GyHKIIHOHAIBHBIE
MaTepHasbl (OpraHuYecKas, MOMIMMepHAs eKTPOHUKA)
Y TEXHOJIOTMUeCKHU I 6a3KC Kak Cr1ocob GopMHPOBaHHUS J7e-
MEHTOB U CHCTeM KOMMYTALIUH ([le4aTHasl 3MeKTPOHHUKA).
0606111251 IIpe/ICTaB/IEHHS], OTHOCSIIIIHECS] K TMOKOH 37IeKTPO-
HUKe 1 POTOHHKe, MOSKHO OITPeZIETIUTh ee 0COOEHHOCTH:

- 6osnpiIne pabourie IJIOMAAH;

- "oTHOCUTENBHO" HONBIIHE PA3MEPHI 37IEMEHTOB;

- HeBBICOKOe JIaTepaJIbHOe paspelleHke (x5 MKM);

- HCIIONB30BAHHMe MYJIBTUCIOEBBIX IeTepOreHHBIX
KOMIIO3UILIN,

- I'MOKOCTB IIO/ITIOKKY;

- KOHOOPMHOCTB X HTHTEI' PHPYeMOCTb B 00BEKT;

- KCIIONb30BaHHe BbICOKOITPON3BOIUTE/IBHBIX IIEYATHBIX
TEeXHOJIOTHH;

- OTHOCHUTEJTbHAS IPOCTOTA M HU3KAS CTOMMOCTD U3Ie/THH.,

K Haunboree pacripocTpaHeHHBIM TeXHOIOTHSIM FHOKOH

3IEKTPOHUKHU U GOTOHHKHU, KOTOpbIe TPeOYIOT Crielaib-
HBIX KOMITETeHIIHH IIPH UX aIAIITAIINH B TEXHOJIOTHYeCKHe
MapIIPYTHI, CTe[lyeT OTHECTH TeXHOMOTHH:

- IeYaTHO-MaTpHUuHBle (PyJIOHHBIE, TpadapeTHbIe)
MeXaHHUYeCKHe;

- KaIleJIbHO-CTPYHHBIe (IPHHTEPHBIE) MeXaHHUYeCKHe;

- J1a3epHBble IPUHTEePHbIe, KOHBEPCHOHHBIE (IT0BEpX-
HOCTHBIE) U CTepeonuTorpapudeckue (06beMHEIe)
GU3HKO-XUMUYECKHE;

- a3pO30JIbHEIE.

Actually a task was set of formation and introduction
in operation of a scientific-technological complex
of express-prototyping and manufacture of a new
generation of micro- and nano-devices. This aim can be
reached by establishment of a flexible cluster research-
and-production infrastructure ensuring a dynamic
realization on a hi-tech hardware-software platform
of set of technological routes of manufacture of a wide
range of products, the foundation of which consists of:

-Modular principle of design-technological
realization of products;

-Unification and application of packageless ECB;

-Use of multicrystal modules, multilayered
ceramic, flexible and 3D-substrates;

-Introduction of 3D- and interspecific integration
of electronic, optical and mechanical components.

SCIENTIFIC-TECHNOLOGICAL PRIORITIES -

FLEXIBLE ELECTRONICS AND PHOTONICS
Technologies of flexible electronics and photonics
play a special role in development of the scientific-
technological complex focused on creation of micro-
and nano-devices, which ensure a friendly "man-
machine" biotechnical interface. The term "flexible
electronics", reflecting the design-functional features
of placement of elements, components and switching
systems, and also assemblage and packing processes,
has a number of synonyms.

They specify two constituent parts of this direction:
materials science basis, including the substrate,
certain functional materials (organic and polymeric
electronics) and technological basis as a method for
formation of the functional elements and switching
systems (printed electronics). By generalizing a set of
notions related to the flexible electronics and photonics
we can determine their specific features:

-Big work areas;

-Relatively big sizes of elements;

-Low lateral resolution (=5 microns);

-Use of multilayered heterogeneous compositions;

-Flexibility of a substrate;

-Conformity and integrability into an object;

-Use of highly efficient printing technologies;

-Relative simplicity and low cost of products.

Among the most widespread technologies of flexible
electronics and photonics, which demand certain
special competences for their adaptation to the
technological routes, are the following:

-Printing-matrix (rolled, stenciled) mechanical;

-Drop-jet (printer) mechanical;

-Laser printer, conversion (surface) and
stereolitographic (volume) physical and chemical;

-Aerosol.
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Ocoboe MecToO 3aHUMAIOT TeKCTHU/IbHbIe TeXHOIOTHH
C MICTI0/1b30BaHHEM MHKPO- K HAHOBOJIOKOH C Pa3/TUIHBIMU
$H3MKO-XMMHUUYECKUMH CBOMCTBAMH. B MX UMCIIO BXO-
OSIT HAHOBOJIOKHA Me/IMKO-OH0/IOr4ecKoro Ha3sHa4eHH .
COBOKYITHOCTb HaHboJIee aKTyaIBHBIX HayYHO-TeXHOJIOTH-
YeCKUX ITpob/ieM B 00/1aCTU THOKOM 37IeKTPOHUKU U GpOTO-
HUKU MOXKeT ObITb OITpe/ie/leHa B PAMKaX [IepeyHsi:

- MaTepHaJIbl 17151 CTPYHHBIX K MaTPH4HO-TpadapeTHBIX
IIeYaTHBIX MHKPOTEXHOJIOIMH;

- rubKkue, MHOTOC/IOEBbIe reTeporeHHsble 1 3D-CybCcTparsl;

- CTPyHHBle KU 30HAOBBIe IedaTHble MHUKPO-
1 HAaHOTeXHOJIOTHH;

- MaTpu4yHo-TpadapeTHble U UMIIPUHT — MHUKPO-
11 HAaHOTeXHOJIOTHH;

- TeXHOJIOruu 3D-, MUKPO- U HaHOQOpMOoobpa3oBaHUS;

- 2D- 1 3D- MUKPOCOOPKY;

- obopynoBaHUe, ITPOrpaMMHBIe CPeACTBA U TEXHOJIO-
rHYecKHe MapLIPyThI [JIs IIPOM3BOJICTBA HM3/Ie/THE THOKOk
1eKTPOHUKHU X GOTOHHKH.

IIpHOpHUTeTHBIM HallpaB/lIeHHEM Pa3BUTHS HAyuHO-
TeXHOJIOTHYeCKOro KOMIIJIEKCA OIlpefie/IeHO 3KCIIpecc-
IIPOTOTUIIMPOBAHHE K MeJIKOCePHUIHOe ITPOU3BOACTBO
U3/le/TUH TUOKOM 37IeKTPOHUKHU U QOTOHUKHU. TakUM
06pa3oM, OCHOBHBIEe 3alauH, pelraemsle B JIOTH B pam-
Kax ero popMHUPOBAHMS K OCBOEHHSI:

- BHe/IpeHHe TeXHOJIOTMI CKBO3HOI'O IIPOeKTHPOBaHMU S
U3fleNni, obecrieurBaloOMMX 3PpPeKTHBHOe KOHCTPYKTOp-
CKO-TeXHOJIOTHYeCKOe MaCIITabHPOBaHUe KIACCHIECKUX
MaKpOITPOTOTHIIOB /151 IIepexofia K M3rOTOBJIEHHIO MUKPO-
Y HaHOTeXHHKHU C paHee He[JOCTHKUMBIMU [TapaMeTpaMH;

- GopMHpOBaHHe K 0OCBOEHHE COBPEMEeHHOL TeXHOIOTH-
yecKor 6a3bl CHHTe3a U3Je/HI MUKPO- U HAHOTeXHHUKH
C IIPeMMyII1eCTBeHHON OpHeHTallhel Ha 0Te4eCTBeHHYIO
BeCKOpITyCHYIO 3IeMeHTHYO 6a3y, 3D-MHTerpaLiyo s7eMeH-
TOB U KICTIO/Tb30BaHKEe THOKHX 6eCIIIab/IOHHBIX ITPHHTEPHBIX
Y [Ie4YaTHO-MaTPHUYHbIX TeXHOJIOT U

- OCBOEHHe TeXHOJIOTMYeCKHUX MapLIPyToB Ha OCHOBE
KOHPOPMHOI HHPPACTPYKTYPHOL MOIY/IbHON OpraHH3a-
LMK TeXHOJIOTYeCKOk JIMHHMH IIPH BBICOKOK CTeIleHH aBTO-
MaTH3al1H [TPOLIeccoB, 0becreurBaOIIMX JUHAMHUYHOCTD
TIepeCcTPOKKH U 6BICTPOTY aJAIITALHH OIIePALIHH;

- 3KCIIPecC-TIPOTOTUIIMPOBAaHHE U OpPraHU3aLHs [IPO-
M3BOZICTBA MIMPOKOK HOMEHKJIATyPhl U3[e/lHH MHUKPO-
Y HAaHOTeXHHKH HOBOI'O IIOKOJIEHHUSI C PaHee HeJIOCTHKHU-
MBIMH XapaKTePUCTUKaMHU IIPY MUHHUMHU3ALMH BpeMeH-
HBIX M 5KOHOMHYECKHX 3aTpaT Ha Peajii3alitIo U3eInu
B YC/IOBHSIX BO3PACTAHMSI POTTH UHTeJ/IeKTyaIbHOM COCTaB-
TSIOIIeH YeloBeyecKoro pakTopa Ha 3Talle IIOATOTOBKH
IIPOK3BOJCTBA.

Pa3BepThIBaHMe HayYHO-TeXHOJIOIMUECKOro KOMII/IEKCa
rUOKOM 3MeKTPOHUKHU K POTOHUKH Ha 6a3e JIITH mo3Bo-
JIMT JOCTHYbD Psifi KOHKYPEHTHBIX IPEeUMYILEeCTB U3/IeTHI
MHUKPO- U HAHOTeXHUKH. TaKHe U3/eNHsi, Co3iaBaeMble Ha

WHOVCTPUA 6/ 44/ 2013

HAHOTEXHO/1IOrMU U OBPA3OBAHME

A special place is occupied by the textile
technologies with the use of micro- and nano-fibers
with various physical and chemical properties.
Among them are nano-fibers for medical and
biological purposes.

A set of the most topical scientific-technological
problems in the field of flexible electronics and
photonics can be determined within the framework
of the following list:

-Materials for the jet and matrix-stencil printing
microtechnologies;

-Flexible, multilayered heterogeneous and
3D-substrates;

-Jet and probe printing micro- and
nanotechnologies;

-Matrix-stencil and imprint - micro- and
nanotechnologies;

-Technologies of 3D- and micro- and
nanoformformation;

-2D- and 3D-microassemblages;

-Equipment, software and technological routes for
manufacture of products of flexible electronics and
photonics.

Express prototyping and small-scale manufacture
of products of flexible electronics and photonics was
determined as the priority direction in development
of the scientific-technological complex. Thus,
the main tasks to be solved by LETI within the
framework of its formation and development are the
following:

-Introduction of modern technologies of through
designing of the products, which ensure an effective
design-technological scaling of the classical
macroprototypes for transition to manufacture
of micro- and nano-devices with previously
unattainable parameters;

-Formation and development of a modern
technological base for synthesis of micro- and nano-
devices with a primary orientation on the domestic
packageless element base, 3D-integration of elements
and use of flexible no-stencil printer and printing-
matrix technologies;

-Mastering of the technological routes on the basis
of a conformal infrastructural modular organization
of a technological line with high degree of
automation of the processes, which ensure a dynamic
reorganization and quick adaptation of operations;

-Express prototyping and organization of
manufacture of a rather wide range of micro- and
nano-devices of a new generation with earlier
unattainable characteristics with minimal time and
economic costs on realization of the products in the
conditions of an increasing role of the intellectual
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HOBO TeXHOJIOTHUecKoH I1atdopme, 6ymyT MMeTh HayKo-
eMKOCTb ¥ HOBU3HY, Me>KJUCLIUIIMHAPHOCTD K IHPOKYIO
HOMEHK/IATYPy C BBICOKOM CTeIIeHbI0 MHTEJIIeKTYaIbHO
nobaBeHHOM CTOMMOCTH.

OCHOBHbIE HATPABJIEHS| PEAIM3ALIAW U3JENA MUKPO-

WHAHOTEXHWUKW NMPY PA3BEPTbIBAHUN KOMIM/IEKCA

* BuoHMYecKHe MHUKPOPobOTOTeXHUUECKHe KOMIIJIEKCHI,
BK/IIOYasl MUHHATIOpHble HaBUTAIIMOHHO-OPHeH-
TaI[MOHHBIe CUCTEeMBI JI/Isl aBTOHOMHON HaBHUTAILMH
U ITO3ULIOHH POBAHHSI.

¢ HHTeneKkTyanbHast BEICOKOMHTEIPUPOBAHHAS MYJIBTH-
GYHKLIMOHAIBHAS OfleXk/Ia, B TOM YHC/Ie C SIIHJepMallb
HOM pacIipefie/leHHOM CeHCOPHO-MHGOPMaIlMOHHOM
CHICTEMOH.

 MUKpoOaHAJIHUTHUYeCKHEe CHUCTeMBl THUIa '1abo-
paTopHs Ha 4duIle" O/ BBICOKOUYBCTBUTETBHOIO
6roMeUIIMHCKOIO0 KOHTPOIS U MOHHUTOPHUHTA
brioTexHOCEPHI.

* CBepXMMUHUATIOpHble HHPOKOMMYHHUKALIMOHHEIE
MOJy/IH, B TOM YHC/Ie MHTeTPUPOBAHHBIE C CeHCOPHBIMHU
Y MCTIOJIHUTETBHBIMHM MHUKPOCHCTeMaMH 151 obecriede-
Hus cbopa U repeadyy UHGOPMAIUH, UIEHTUGHKALIUK
JIMYHOCTH U 0O BEKTOB.

* MHUHUATIOpHbIE, B TOM YHCIe Paclipeie/ieHHble M I'HOKue
WCTOYHHKH 3HEPTHH, BK/II0Uasi peKyIepaTopsl U3 3Hpa
1 OKPY>KaIOIek CpesIbl.
B KavecTBe 6a30BBIX TEHJEHIIUN OIITUMHU3ALUH TeX-

HUYEeCKHUX XapaKTePUCTHK HU3/e/IUH HOBOIO ITOKOJIEHHS

OIIpefieIeHbl:

- CHM>KeHHe MaccorabapuUTHBIX I1apaMeTpoOB U HUX
SHeprornoTpebeHMs;

- yBeJlHMUYeHHe BpeMeHH aBTOHOMHOTO
GYHKIIMOHHUPOBAHHS;

- IIOBBILIIEHIe CTOMKOCTH K BHEIIIHUM BO3/IEHCTBHUSIM;

- BapHabenbHOCTb KOHCTPYKTUBHOIO UCIIONHEHUS IJIsL
OIlePaTHBHON aJaNTallUU U3MeIHsi B MUHHMAJIbHBIE
CPOKH ITPU M3rOTOB/IEHUH U HCIIONB30BaHUH.

®opMHpOBaHHUe cocTaBa 060pymOBaHHUS (PHC.3) HAYYHO-
TeXHOJIOTMYeCKOro KOMILJIeKCa 3KCIIPecc-ITPOTOTUIIPOBA-
HUS M [IPOM3BOJICTBA HOBOT'O ITOKOJIEHUSI MUKPO- M HAHO-
TeXHUKHU OCyLIeCTBJISIOCh B COOTBETCTBUH C IIOCTAB/IEH-
HBIMH 33JJa4aMH, OIITUMa/IbBHBIM Hab0pOM TeXHOJIOrhye-
CKHX OIlepallKil U KOHTPOIbHOAHUATHOCTHUECKHUX IIPOLie-
Oyp. ST IpoLeypsl obecrieurBaIu IIOCTAHOBKY TEXHO-
JIOTMYeCKHX MapIIPyTOB M3rOTOBJIEHHS U3/eNHH, OTIH-
YAOMIMXCSI HOBBIM KOHCTPYKTHUBHO-TEXHOIOIHYeCKUM
OOTKOM U paHee HeJIOCTHKMMBIMH XapaKTePUCTHKAMH,
MOGKTBHOCTB B IIPOM3BOZICTBE, BAPHAOeIbHOCTD U AIAIITHB-
HOCTb ITPU UCIIO/Ib30BAHU U U3/Ie/THL.

ITpu popMUPOBaHUM TpebOBaHMI K HAyYHO-TeXHOJIO-
TMYeCKOMY KOMIITIeKCY yuTeH PsJ, KOHCTPyKTHBHO-TeX-
HOJIOTUUYeCKHX 0COOeHHOCTeN U BO3MOKHOCTeH. OHHU

component of the human factor at the stage of
preparation of production.

Establishment of a scientific-technological
complex of flexible electronics and photonics on
the basis of LETI will allow us to reach a number
of competitive advantages for the micro- and
nano-products. Such products developed on a new
technological platform will be science-intensive,
have novelty and interdisciplinary character
and a wide nomenclature with a high degree of
intellectual value-added cost.

MAIN DIRECTIONS FOR REALIZATION OF MICRO-

AND NANODEVICES OF A NEW GENERATION DURING

DEVELOPMENT OF THE COMPLEX

e Bionic microrobot-technical complexes,
including tiny navigation-orientation systems for
independent navigation and positioning.

« Smart highly integrated multifunctional clothes,
including clothes with epidermal distributed
sensor-information system.

« Microanalytical systems of "laboratory on chip”
type for a high-sensitivity biomedical control and
biotechnosphere monitoring.

o Subminiature info-communication modules,
including ones integrated with the sensor and
effector microsystems for gathering and transfer
of information, and identification of persons and
objects.

« Tiny including distributed and flexible energy
sources, among them recuperators from the ether
and environment.

The following trends were determined as the basic
ones for optimization of the technical characteristics
of the products of a new generation:

-Decrease of the mass-dimensional parameters
and energy consumption;

-Prolongation of time of an independent
functioning;

-Higher resistance to the external influences;

-Variability of designs for an efficient adaptation
of a product in a minimal period of time during
production and exploitation.

Formation of the composition of the equipment
(Fig.3) of the scientific-technological complex of
express prototyping and manufacture of a new
generation of micro- and nano-devices was carried out
in accordance with the previously set tasks, optimal
set of technological operations and control-diagnostic
procedures. These procedures ensured establishment
of the technological routes for manufacture of the
products, distinguished by their new design and
technological image, and earlier unattainable

#6 /44 /2013 NANO




100

OIIpesie/IAIOTCS TPOrPECCUBHBIMU TeHIEHLIMSIMU B U3r0-
TOBJIEHUH U3/e/TUH MHUKPO- M HAHOTEXHUKH.

Hcronp30BaHHe MHOTOKPUCTA/IBHBIX MOIY/IEH B paM-
Kax HaIlpaB/eHHs "CHCTeMBI B KOPITyce', BK/IIOYasi:

- CTEKOBYIO HHTEIPALIMIO HAa OCHOBE TeXHOJIOTUH "KPH-
CTaJjlI Ha [1aTe";

- 3D-uHTerpaluio Ha 0CHOBe MHOroclIoMHbIX LTCC
niogyioskek (Low Temperature Co-fired Ceramics), TexHoo-
TMH "BEPTHUKAIBHOIO CTeKA II0TYIIPOBOJHHUKOBBIX YHIIOB
Y IUTACTUH' U "9UII Ha [I0JTYITPOBOJHKKOBOH ITOAJIOKKeE'".

C6OpOYHBIE TEXHOJIOTHH:

- IIOBEPXHOCTHOI'O MOHTAaKa;

- obparHoro moHTtaxka kKpucrtauiaos (Flip-Chip) Ha
OCHOBe IIAPUKOBBIX (CTOIOMKOBBIX) BEIBOJIOB;

- 3BTEKTUYeCKON MU a/ITe31BHOF ITIOCA/IKH.

Pa3yIMYHbIe BU/IBI HETPaIULIOHHBIX ITO/IOKEK:

- ruOKO-KeCTKHe ITeYaTHbIe MHUKPOIIATEL;

- rubKue OJIMMepPHbIe U MeTa/l/InYeCcKHe;

- >KeCTKHe U TMOKHe KepaMHYecKye Ha OCHOBe LINPO-
KO30HHBIX MaTepPHAaJIOB C BHICOKOM TEIJIOIIPOBOJHOCTHIO
Y HU3KHMHU IoTepsiMH Ha CBY;

- 3D-o6’beMHBIe [TOJIMMEePHbIe M MeTaJUIMYeCKHe, B TOM
YHCJIe CO3/laBaeMble BBICOKOPAa3peIlalonMHK JIa3ePHOM
IIPUHTEPHO U CTEPEOIUTOr pAaQUIeCcKOk TeXHOMOI USIMU;

- 3D-06beMHBIe IIOTMMepHble MeTaJUIOHAIIOTHEHHbIe,
II0BEPXHOCTHO MOAMULIMPYeMBIe JTa3epHBIM ITyUKOM.

HAHOTEXHO/1IOrMU U OBPA3OBAHME

characteristics, mobility in manufacture, variability
and adaptability in the use of the products.

In the process of formation of the requirements to
the scientific-technological complex the following
design-technological features and possibilities were
taken into account, determined by the progressive
trends in manufacture of micro- and nano-devices:

Use of multicrystal modules within the framework
of the system in package (SIP) direction, including:

-Stack integration on the basis of "crystal on
board" technology;

-3D-integration on the basis of multilayered
LTCC substrates (LTCC - Low Temperature Co-fired
Ceramics), technology of "a vertical stack of semi-
conductor chips and plates"”, technology of "chip on
interconnect semi-conductor substrate".

Assembly technologies:

-Surface Mounted Technology (STM);

-Return installation of crystals (Flip-Chip) on the
basis of chip bumps;

-Eutectic or adhesive fit.

Various kinds of nonconventional substrates:

-Flexible-rigid printing microboards;

-Flexible polymeric and metal substrates;

-Rigid and flexible ceramic substrates on the basis
of wide-band materials with high heat conductivity
and low microwave losses;

MoZynbHOCTb, TMBKOCTb, UHTErPUPYEMOCTb
Modularity, flexibility, integrability

3D-c6opKa, NpeLm3noHHOCTb
3D microassembly, precision

Fig.3. Technological cluster of flexible printing electronics

Puc.3. TexHonoz2u4eckul Kaacmep 2u6Kol ne4yamHol 3AeKmMpoHUKU

- 3D-volume polymeric
and metal substrates,
including presently developed
high-resolution laser printer
and stereolithographic
technologies;

- 3D-volume polymeric
metal-filled substrates
surface-modified by a laser
beam.

Complex of technological
operations for formation of
the switching, insulating
and functionally active layers
of materials, including by
local methods, incorporating
the drop-jet, printing-
matrix, laser ion-plasma,
vacuum, gas (CVD), electro-
chemical (galvanoplasty), and
electroerosion technologies;

Complex of technological
operations on hermetic
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sealing, thermal and
electromagnetic protection,
including:
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KoMIl/eKC TeXHOIOTUYeCKUX olepaluil GopMUpo-
BaHUS KOMMYTHPYIOIIKUX, U30IUPYOINX U QYHKIU-
OHAaJIbHO aKTHUBHBIX CJIOeB MaTepHaJIoB, B TOM YHCJIe
JIOKaJBHBIMH MeTOJAaMH, BK/II04YaeT KallelbHO-CTPyH-
Hble, IIeYaTHO-MaTpPHUYHBbIe, JTa3epHble HOHHO-II/Ia3-
MeHHBIe, BaKyyMHbIe, ra3oBsle (CVD), 3/1eKTPOXUMHU-
yecKkue (ranbBaHOIIACTHKA), 37T€KTPO3PO3UOHHEIE
TeXHOJIOTHH.

KomIiekc omeparnuil 1o repMeTH3al MK, TeIIOBOK
U 7IeKTPOMarHUTHOM 3al[HTe BK/IIOYAeT:

~ BaKYyMHYIO TepMeTH3aIHIO;

- CIIpe’-TeXHOJIOTHH;

- JTaMHHHUPOBaHHUE;

- HMOHHO-TUIa3MeHHOe 0Ca’kK/IeHHUe;

- OCa’KIIeHHe 13 Ta30BOM Qaskl;

— 3aJIMBKY U IIOTPY>KeHMe B SKUIKYIO dasy.

s obecrievyeHHs1 aBTOMATHU3aL MU IIpoLiecca KOH-
CTPYKTOPCKO-TeXHOJOTUYeCKOHN Pa3paboTku mpen-
[10JIaraeTCsl UCIT0JIb30BAaTh UMEIOIIHUHICS KOMIIJIEKT
CATIP. 3ToT KoMmaeKT BKaAw4daeT: CoventorWare;
SolidWorks; MentorGraphics; Cadence; TannerTools;
T-CAD Synopsys; PhoeniX; AutoCAD; AltiumDesigner.

"YMHAS" OAEXAA - COBPEMEHHbIN

BUOTEXHUYECKUA UHTEPDENC

Hcxopst 3 0cobeHHOCTeH I'UOKOM 3/IeKTPOHUKH U HOTO-
HUKH B Ka4eCTBe OJHOT0 13 IPHOPUTETHBIX HAIlPaB/IeHU I
PeaM3aliy ee MHHOBAIIMOHHOTO IIOTEHIINAA U BBICOKOH
SKOHOMHUYECKOM 3pPeKTUBHOCTH TEXHOJIOTHM, CIefyeT
BBLIE/IUTH YMHYIO' ofleKAy. Pa3BUTHe JAHHOTO HAIIpaB/le-
HUs 06ecrieYHBaeT pellieH e CJIeAYIOMHX 3a1a4;

- WHTerpalyio B OfeXJe COBOKYIIHOCTH CEHCOPHO-
MHQOPMAITMOHHBIX MUHUATIOPHBIX CUCTeM JIJIs1 obecrieye-
HUS1 KU 3He/IesITeTBHOCTH Ye/IOBeKa U ITOBBIIIeHHU S YPOBHS
€ro KOMMYHHKabe/IbHOCTH;

- peaIM3aLIMI0 KOHLIETIIIUH "4eI0BeKO-MaIIHHHOrO ' 610-
MeULIMHCKOro HHTepderica HOBOro ITOKOJIeHHUsI, obecre-
YHBAIOLIEro BHeIPeHHe IIPHHIIUIIOB [IEPCOHAIBHOM OIlepa-
TUBHOM TeJleMe UL HBI;

- peasH3alyI0 IePCOHATBHBIX MUHHUATIOPHBIX HOCHU-
MBIX MeIULIMHCKUX CHCTeM — AaHAJIOTOB '1ab0paTOpHI Ha
yure" UIx 6HOCOBMECTUMBIX MaTepHUaJIOB, COYETAIOMIKX
KOHTPOJIBHO-TUATHOCTUYECKHE U UCIIOMHUTEIbHO-Tepa-
IeBTHUYeCKHe QYHKI[UH, BKIIOYasl OIePAaTHUBHBIN KOH-
TPOJIb U NOAEPKaHKe [IapaMeTPOB BHYTPEHHE! Cpefibl
OpPraHM3Ma;

- HCIIONIb30BaHKE MATePHAJIOB K KOHCTPYKTHBHO-TEXHO-
JIOTUYEeCKUX PellleHUE, PaCIIHPSIIONINX GYHKLIKOHAIbHbIE
BO3MOKHOCTH Y€JI0BEKA B IKCTPEMAJIBHBIX YCIIOBHSIX.

B pamKax 3TOro HarpaBJIeHHs Peann3yeTCs TPH IIOKOJIe-
HUS U3TeIUH:

- ] TOKOJIeHHe OCHOBAHO Ha HCIIOIb30BAHUH KapMaHOB

115 pa3MeILeH I HOCHMOH 3IeEKTPOHUKH, 00beIHHEHHBIX

-Vacuum hermetic sealing;

-Spray technologies;

-Lamination;

-Ion-plasma deposition;

-Deposition from a gas phase;

-Pouring and immersing in a liquid phase.

In order to ensure automation of the process
of the design-technological development the
available complete set of CAD is to be used. This
complete set includes: CoventorWare; SolidWorks;
MentorCraphics; Cadence; TannerTools; T-CAD
Synopsys; PhoeniX; AutoCAD; AltiumDesigner.

"SMART" CLOTHES - A MODERN BIOTECHNICAL
INTERFACE

Proceeding from the specific features of the flexible
electronics and photonics, "smart" clothes should
be singled out as one of the priority directions in
realization of the innovative potential and high
economic efficiency of the technologies. Development
of the given direction will provide solutions to the
following problems:

-Integration into clothes of a set of tiny sensor-
information life-support systems, which also
increase the level of a person’s sociability;

-Realization of the concept of "man-machine"
biomedical interface of a new generation ensuring
introduction of the principles of a personal operative
telemedicine;

-Realization of personal tiny portable medical
systems - analogues of "laboratories on chip" or
biocompatible materials combining the control-
diagnostic and actuating- therapeutic functions,
including an operative control and support of the
parameters of the internal environment of an
organism,;

-Use of the materials and design-technological
solutions, which expand human potential in extreme
conditions.

Within the framework of this direction three
generations of products are realized:

-The first generation is based on the use of
pockets for portable electronics connected by a set of
switching conductors embedded in the clothes;

-The second generation or the so called e-textile is
a woven material with embedded antennas, sensors
and power sources, while a woven material with
conducting threads is used to ensure connections
between them.

-The third generation realizes the concept
of "systems on textile" with integration of the
functional materials and subminiature modules
within the framework of a smart interface between
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COBOKYIITHOCTBIO BIIUTBIX B OEXKIY KOMMYTHPYOIIUX
IIPOBOJIHHKOB;

- II IoKoIeHMe, UM TaK Ha3biBaeMbIHU 'e-textile",
IpeCcTaBisieT cO6OM TKAHBIM MaTepHas Co "BUIUTHIMHU"
aHTEeHHAMM, JaTUMKAMU, UCTOYHUKAMMU ITUTAHUS, [
COeTMHEHUH MeX]Y KOTOPBIMHU HCIIONb3YeTCs TKAHBIN
MaTepHaJl C IPOBOASIIIUMH HUTSMHU;

- III moKoJIeHKe peann3yeT KOHIEIIHIO "Systems on
textile" c mHTerpanyen GyHKIIMOHATBHBIX MaTepPHAJIOB
Y CBePXMHHHUATIOPHBIX MOJy/IeH B pAMKAaX HHTeJUIEKTY-
QJIBHOTO MHTepderica MKy TelOM U OeKI0H, BKII0Yas
BO3MOSKHOCTB UCIIO/Ib30BAHUSI AITUEPMaIbHBIX IATYHKOB
1 Iipeobpa3soBaresned.

OyHKIIMOHAIbHBIE BO3MOKHOCTH MaTepHaJioB
Y KOMITO3UIIMH [IISI U3TOTOBJIEHHS "YyMHON" OfesK/ bl
C UCIIOJIb30BAHHEM TeXHOJIOTU I THOKOM 3/1eKTPOHUKHU
Y QOTOHUKH, MOTYT OBITH OITpefie/IeHbl, KaK:

- XMMMYECKHU-, TEIUIO- U PAJUAITHOHHO CTOMKUE;

— MEXaHOIIOIVIOIAIOIIHE;
- onTto-, MK- 1 CBY-MacKHpyIoIIHe,;
- TEeNJOBBIAeNASIIOIHUe, TeIIJOMOrJOoNlaIIHue
U TeIlJIOTeHepHpYIoIIye,;

- MeXaHHYeCKU peKyIlepHpYIoIIKe U YCUIHBAIOIILE;
- orro- ¥ CBY-pekymepupyoliye;
orrto- ¥ CBU-K3/1yvaroliye;

- OIITHYeCKHU U PAIMONIeHTUOULINPYIOLITHE,;

- TaKTH/IBHO-9yBCTBUTE/IbHBIE;

- BHOCeHCOpHBIe.

OcobbIl1 HHTEpeC MPOSBIAETCS K CO3LAHUIO CBEPX-
TOHKUX MUKPO- U HAHOKOMITO3UITHOHHBIX 'TIepMaHEeHT-
HBIX" TOKPBITUH (oriTo- 1 CBY-XaMeeOHOB); KBAHTO-
BBIX TOUEK KaK 6a30BBIX 3/IeMeHTOB CPeJICTB UIeHTUU-
KaIlMH W paclo3HaBaHUs. K HUM OTHOCSITCSI BOJIOKHA,
BBI/IeJISIONHe 6aKTepPULIAHbIE U IIPOTHBOBOCIIAIUTEN b
Hble CPeJICTBA, paclpesie/ieHHble ICTOYHUKU U peKyIle-
PaTopHI 3HEPTUH.

Hapsiny ¢ TpaAHLIHOHHBIMU TEeKCTHU/IBHBIMHU TEXHOJIOTH-
SIMH IMeeT MeCTO Pa3BUTHe HAIIPAaB/IeHUS, XapaKTepH3YIo-
II[erocsi OHSITHEM "HHPOPMAITHOHHBIN TEKCTHIIB , B KOTO-
POM HCIIONB3YIOTCS:

- KOIVPOBAHME IIepeIUIeTeHHEM;

- COYeTaHHeE MHTErPaJbHOr0 U JIOKATBHOIO KOAUPOBA-
HUSI PUCYHKOB;

- CKPBITble MHOTOC/IONHBIe 3D-1306paskeHuS;

- CKpBITBIe pesibedHble 2D-1300paskeHu;

- CKpBITHIe FeTeporeHHble H300paskeHH I, B TOM YHC/Ie Ha
OCHOBe ITlepMaHeHTHBIX CBOFICTB BOJIOKOH.

WHTErPUPOBAHHDIE KOHBEPTEHTHDIE
BUOTEXHUYECKUE MUKPOCUCTEMbI-6MOPOBOTDI
[IpuMep peanusanuu 6HMOTeXHHUYECKOH CHCTEMBI
(bioboat) ¢ mcmonp30BaHHEM TeXHOJOTHM THOKOM
3JIeKTPOHUKHU - BhIIONHAeMas JISTH 1mo mpoekry
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a body and clothes, including possibility of
employment of epidermal sensors and converters.

The functional capabilities of the materials and
compositions for manufacture of "smart" clothes
with the use of technologies of flexible electronics
and photonics, can be defined in the following way:

-Chemical-, thermal - and radiation resistant;

-Mechanical-absorbing;

-Opto-, IR- and microwave-masking;

-Heat dissipating, heat-absorbing and
heat-generating;

-Mechanically recuperating and strengthening;

-Opto- and microwave-recuperating;

-Opto- and microwave-radiating;

-Optical and radio identifying;

-Tactile-sensitive;

-Biosensing.

Special interest is expressed to development of
superthin micro- and nanocomposite "permanent”
coatings (opto- and microwave chameleons);
quantum points as the base elements of the means
for identification and recognition; the fibers emitting
bactericidal and anti-inflammatory substances;
distributed sources and recuperators of energy.

Alongside with the traditional textile technologies
there are also directions characterized by the notion
of "information textile", which use:

-Coding by interlacing;

-Combination of integrated and local coding of
drawings;

-Hidden multilayered 3D-images;

-Hidden relief 2D-images;

-Hidden heterogeneous images, including on the
basis of the permanent properties of fibers.

INTEGRATED CONVERGENT BIOTECHNICAL
MICROSYSTEMS -BIOROBOTS
An example of realization of a biotechnical system
(bioboat) with the use of technologies of flexible
electronics is the work carried out by LETI under
the project 12-08-12029-0fi_m of RFFI concerning
development of a subminiature remotely-operated
convergent biotechnical system - biorobot based on
integration of the motor functions of insects and
artificial sensor-information microsystems.

The project is aimed to create a base architecture of
a tiny biotechnical complex on the basis of a remotely-
operated insect, and to determine and optimize
the functional structure, proceeding from the
achievement of possible mass-dimensional, power
and information indicators. A distinctive feature of
the project is a search for a possible application of a
design-technological integration of the artificial



12-08-12029-0ou_m POPU paspaborka
CBEePXMHUHHATIOPHOM JHUCTAaHLIHMOHHO-
yIIpaBIsSeMON KOHBePreHTHOH 6HoTex-
HUYeCKOH CHCTeMBI-OHOpo60Ta Ha OCHOBe
MHTerpalid MOTOPUKH HaCeKOMBIX
Y UCKYCCTBEHHBIX CEHCOPHO-UHPOPMALIH-
OHHBIX MUKPOCHUCTEM. [IpOeKT Hampas-
JTeH Ha co3gaHHUe 6a30BOM apXUTeK-
Typbl MUHHATIOPHOTO OMOTEeXHUYeCKOro
KOMIIJIEKCA Ha OCHOBE NMCTAHIHMOHHO
yIIpaB/IIeMOI0 HaCeKOMOIO, OIlpejese-
HHe U ONTHUMH3ALHI0 QyHKIIMOHAIBEHOTO
COCTaBa, MCXOAs M3 JOCTUXKEHHS BO3-
MOKHBIX MaccorabapuTHBIX, SHepreTH-
YeCcKUX U HHGOPMAILMOHHBIX ITOKa3aTe-
ner. OTIUYHKTeNbHAS! 0COO@HHOCTD MPO-
€KTa - [IOMCK BO3MOKHOCTH ITPUMEHeHU
[IPY pelleHHUH 3a[a4 KOHCTPYKTHBHO-TeX-
HOJIOTMYeCKOH UHTerpallul UCKYCCTBEH-
HBIX U €CTeCTBEHHBIX CUCTeM, HCIIO/b-
30BaHUe B KayeCTBe 0a30BBIX 37eMeH-
TOB T'UOKHMX MHOPOAHBIX CYy6CTPATOB MU
[IPUPOJHBIX KOHCTPYKTHBHO-QYHKIIHO-
HaJIbHBIX 3JIEMEHTOB Tejla HaCceKOMOro,
Ha KOTOPBIX pa3MellaloTcs 37IeKTPOHHbIe
guiel (puc.4).

B mesomMm, B paMKax CO3[aBaeMoro
B JIDTH Hay4YHO-TeXHOJIOTUYECKOTO

NANOTECHNOLOGIES & EDUCATION

PafavokaHan u MMKpo- CnctemaynpasieHns

NPOLLECCOPHBIA MOAYb MOTOPUKOI HAaCeKOMOTO.
Radiochanneland CneunanunsmpoBaHHas

microprocessor module MHTEerpasnbHas cxema

System of control of aninsect’s
motorfunction.
Special integrated circuit

CBepx/Ierknm INTUA-
NOSIMMEPHbIA aKKyMynSTop
NOBbILLIEHHOM eMKOCTH
Superlight lithium-polymeric
accumulator of higher capacity

0

Puc.4. ucmaHuyuoHHo ynpasasiemple 2ubpudHble 6Uopo6ombl HA OCHO8E
UHMezpayuu MomopuKU HACEKOMBbIX U UCKYCCMBEHHbIX CEHCOPHO-
UHPOPMAUUOHHBIX MUKpOCUCMem

Fig.4. Remotely operated hybrid biorobots on the basis of integration of a motor
function of insects and artificial sensor-information microsystems

BeccncTembl <1lr
Weightofthesystem <1g

[anbHOCTb AeNCTBMA

KOMaHg, [0500M
yrnpasneHus

Range of remote

operation upto500m
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KOMII/IeKCa 3KCIIPeCcC-IPOTOTUIIHPOBA-
HUS U [IPOU3BOACTBA U3MAeNHUN IHOKOM
37IeKTPOHUKH U GOTOHUKHU peIlIaroTcs 3aiauu:

* BHeJpeHMe TeXHOJOTUI IIPOEKTUPOBAHUS H3Je-
JTHUH MHKPO- U HAaHOTeXHHUKH, obecredrnBaOIIUX
3ppeKTHBHOEe MacmTabUpPOBaHHE MaKPOIIPOTO-
THUIIOB, MeXBHU/IOBYI0 HHTeTPall1i0 KOMIIOHEHTOB,
HCII0/Ib30BaHHe 6ecInabIoHHOro IKCIIpecc-CHHTe3a
2D- 1 3D-CBePXMHUHHUATIOPHBIX THOPUIHBIX CUCTEM.

+ DopMHPOBAaHMeE U Peasih3aliusi COBOKYIIHOCTH YHUDU-
LI POBaHHBIX TeXHOJIOTMYeCKUX MapIIPyTOB CO3aHHUS
TaKHUX H3/Ie/TMH Ha OCHOBE MOJY/IbHOTO IIPHUHITUIIA KOH-
CTPYMPOBAaHHS MHUHUATIOPHBIX THOPHUIHBIX CHCTEM
C IIMPOKUM HCII0/Ib30BAaHHEM MeXKBUIOBOM HMHTerpa-
LMY 371eKTPOHHBIX, OINTUYeCKUX U MeXaHU4YeCKHUX
KOMIIOHEHTOB.

+ Co3gaHKe M3/IeNHI MUKPO- U HAHOTEXHUKH Ha OCHOBe
MHTerpallu mpoleccoB GOpMHPOBaHMS Oa30BbIX 3/le-
MEHTOB C OJHOBpeMeHHO! COOPKOM H3[eNUH IIPU
HCIIO/Ib30BAHU U CBePXIIPELM3MOHHBIX CUCTEM I103H-
LIMOHUPOBaHHUS U OPHUEHTALIUH.

» Peanu3alus TeXHOJOTHHU C HCIIOJIb30BAHHEM
KpPeMHUEeBOM IOJJIOKKH Kak aKTUBHOTO 6asuca
0eCKOPIYCHBIX 3J1eKTPOHHBIX U ONTHYECKHUX
KOMITOHEHTOB.

and natural systems for solving of the tasks and use

as base elements of the flexible alien substrates or

natural design-functional elements of an insect’s
body, on which electronic chips are fixed (Fig.4).

As a whole the following tasks are solved within
the framework of the scientific-technological complex
of express prototyping and manufacture of products
of flexible electronics and photonics established in
LETI:

« Introduction of modern technologies for designing
of micro- and nanoproducts, ensuring an effective
scaling of the macroprototypes, interspecific
integration of components, use of no-stencil
express-synthesis of 2D- and 3D- supertiny hybrid
systems.

« Formation and realization of a set of unified
technological routes for development of such
products on the basis of a modular principle of
designing of tiny hybrid systems with a wide use of
interspecific integration of electronic, optical and
mechanical components.

+ Development of micro- and nanoproducts on
the basis of integration of a set of processes
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+ Co3aHKe MHOTOCJIOHBIX KOMMYTAIIHOHHBIX CUCTEM
C OpHeHTAalLlMeH Ha ONTHYeCcKHe KaHaJbl IIepeJadyu
MHPOPMALIKH.

PelnieHyie BIIIeYKa3aHHBIX 3a/1a4 [103BOTUT 00ECIIeYHTh:

~ 9KCIIpecC-TIPOeKTHPOBaHME U3/Ie/IMH Ha OCHOBe 3bdeK-

TUBHOT'O MaCIITa6HPOBaHHU ST MAKPOIIPOTOTHIIOB;

- YHUOUKALIMIO TeXHOJIOTHYECKHUX MapIIPyTOB Ha
OCHOBe MOAY/IBHOIO IIPUHIIMIIA KOHCTPYHUPOBAHHUS
U3[Ie/TUH;

- CO3/laHMe MUHHATIOPHBIX THOPUIHBIX CHCTEM Ha
OCHOBe MEe>KBH/IOBOK MHTErPALIMH 9/IeKTPOHHBIX, OIITHYe-
CKUX 1 MEXaHHYECKHX KOMIIOHEHTOB;

- peanu3anuio "6ecmabroHHOr0" CHHTe3a H3IeNHUH
C MICIIO/Ib30BaHKEeM 2D- 1 3D- UHTerpalitu,

- HCIIOTIb30BAaHME KPeMHHEBBIX ITOJI/IOKEK KaK aKTHB-
Horo 6a3wca 1151 6eCKOPITYCHBIX KOMIIOHEHTOB;

- BHe/IpeHHe MHOTOCTIOMTHBIX KOMMYTALIOHHBIX CHCTEM
C OIITUYeCKUMU KaHA/IAMHU ITpeobpa30oBaHUs U [lepeavun
MHPOPMaLIHMH.

Ji1st dopMupoBaHus B PoccHU ITPodecCHOHAIBHBIX KOM-
IIeTeHLIMH 1 06MeHa OIBITOM B 00671aCTH OBICTPO ITporpec-
CHPYIOLIero HarpasyeHUs "THbKas 3/1eKTPOHUKA U POTO-
HUKa' JIITU c 12 1o 15 Hos16pst 2013 roa IIpOBOAUT Ha CBOEL
6a3e HayYHO-TEXHUYIECKYIO KOHPEPEHLIHIO C MeXKIyHAPOL-
HBIM Y94aCTHEeM U MOJIOLEXKHYIO IIKONY I10 JAHHOM TeMa-
THKe (MHOPMAITHOHHOE CO0bIIIeHHe Ha 00I05KKe 5Ky pHAIa).
OYHKIIHIO OLHOTO M3 OCHOBHBIX OPTaHHU3aTOPOB BBIIION-
HSeT CO3aHHBIM C ydacTheM JIITU B cooTBeTCTBUH € D3 217
Me>KBY30BCKHE LIEHTP IIPOTOTHUIIMPOBAHHUS U KOHTPAKT-
HOTO ITPOM3BOJICTBA MUKPO- ¥ HAHOTEXHUKH [2], KOTOPBIH
CIIeLIMAIM3UPYeTCs B JAHHOM 06JIaCTH U IOy YT OT PSiaa
3apybeskHBIX GUPM-TIOCTABIIHKOB 060PYZOBAHHUS [/Isl THO-
KOM 37IeKTPOHUKH U POTOHUKY (MHPOPMAIIHS Ha 0OIOSKKe
Ky pHAaJIa) IIPaBO IIPeAICTAB/ISATh X MHTepeckl B PoccHM.

Paboma ebinoaHeHa 8 pamkax cmpamezudeckoii IIpozpammbl
CII6I3TY - JITH "Pazsumue MeROUCUUNAUHAPHBIX UCCAe08aHLT
U UHCMPYMeHMAAbHO-MeXHOA02UHecKoil 6a3bl KAK 0CHOBbI Henpe-
PblBHO20 UH3KeHepHO20 06pa308aHUA N0 NPUOpUMemMHbIM Hanpasne-
HuAM poccuiickoii IKoHomuku'" Ha 2012-2016 200bt u npoekma POPH
12-08-12029-0¢pu_m (2013-2014 200b1.) "Pa3spabomka céepxmunua-
MIOPHO20 JUCMAHUUOHHO Ypasnsiemozo 2ubpudHozo buopoboma Ha
0CHOBe UHITIe2paLUL MOIMOPUKL HACEKOMBIX U UCKYCCMBEHHDBIX CeH-
COpHO-UHPOPMAUUOHHBIX MUKpOCUcTiem”,
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of formation of the base elements with a

simultaneous assemblage of products and with the

use of superprecision systems of positioning and
orientation.

+ Realization of the technology with the use of a
silicon substrate as an active substrate-basis for
packageless electronic and optical components.

+ Development of multilayered switching systems
with orientation on the optical channels of
information transfer.

Solution of the above-stated tasks will allow us to
ensure:

-Express designing of products on the basis of
effective scaling of the macroprototypes;

-Unification of the technological routes on the
basis of a modular principle of designing of products;

-Development of tiny hybrid systems on the basis
of an interspecific integration of the electronic,
optical and mechanical components;

-Realization of a no-stencil synthesis of products
with the use of 2D- and 3D- integration;

-Use of silicon substrates as an active interconnect
substrate -basis for the packageless components;

-Introduction of multilayered switching systems
with optical channels for transformation and
transfer of information.

In order to promote formation of professional
competences and exchange of experience in the area
of quickly progressing direction "Flexible Electronics
and Photonics" in Russia, LETI will organize on
its base from November, 12th, till November, 15th,
2013, a scientific and technical conference with an
international participation and a youth school on
the given subject (see information on the magazine
cover).

One of the major organizers is the Interuniversity
Center for Prototyping and Contract Manufacture of
Micro- and Nanoproducts [2], which was established
with participation of LETI in accordance with @3
217, and which specializes in the given area and is
authorized by a number of foreign firms-suppliers of
the equipment for flexible electronics and photonics
(see information on the magazine cover) to represent
their interests in Russia.

The work was done within the framework of the strategic
Program SPbGETU-LETI "Development of interdisciplinary
researches and instrumental-technological foundation as
the basis for a continuous engineering education in the
priority directions of the Russian economy" for the period
of 2012-2016 and RFFI project 12-08-12029-ofi_m (2013-2014)
"Development of a subminiature remotely-operated hybrid
biorobot on the basis of integration of the motor functions of
insects and artificial sensor-information microsystems"”.



