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MNpepocTaBneH pesynbTaT pa3paboTKM W M3rOTOB/EHMUS 3JIEKTPOHHbIX KOMMOHEHTOB, CO3AaHHbIX
C UCMoJ/ib30BaHMEM TEXHOJIOTMU TMBKOW MNevyaTHOM 3/IEKTPOHWUKMU, CBEPXTOHKOINO YTOHEHMS 4YUMOB
KPUCTa/INIOB aKTUBHbBIX 3/1IEMEHTOB U 2D MUKPOC60POYHbIX onepauuit Ha TOHKOM rM6KOM HocuTene s
YHUPULMPOBAHHOM CEHCOPHO-UH(OPMaLMOHHOW N1aTdopMbl UHTEepHeTa BeLlen.

The paper presents the result of the development and manufacture of electronic components
created with the use of the flexible printed electronics technology, ultrafine thinning of chip
crystals of active elements and 2D microassembly operations on a thin flexible medium for a
unified touch-information platform of the Internet of things.

JTIOLIMM, XapaKTepHU3yOUHecss MOHSITHUSIMU:

"HHAycTpus 4.0" - o6be U HEHHe COBPeMEHHBIX
MHPOPMALIOHHO-KOMMYHHUKAIIHOHHBIX TEXHOIOT M
C IIPOU3BOACTBEHHBIM 060pyIOBAaHHEM U CPeJICTBAMU
aBTOMaTH3aLuuU, U, be3ycioBHO, "ObmecTBo 5.0"
("ymHoe obmecTB0") - nHdpoBas TpaHchopMaL U4,
HampaBleHHas Ha QOpMHPOBaAHHE HOBOM COIM-
AJIBHO-TeXHOJIOTUUECKON Cpefbl Ha OCHOBE CHCTEM
HCKYCCTBEHHOIO HHTEeJUIEKTa, OCHOBAHBI HAa HHTEIpa-
UM GHU3UIEeCKOro U KUbeprpocTpaHCTBA.

COBPEMEHHHE Hay49HO-TeXHHYECKHEe peBO-

Fubkas medyaTHas 3JeKTPOHHUKA U GOTOHHKA
SABJISIIOTCS HNPUOPHUTETHBIMU HANPaABAEHHUSIMHU
MHBeCTUIIMI B HOBYIO HaYKOeMKYIO MHHOBAIIHOH-
HYI 3KOCHUCTEMY, TADMOHHYHO COYETAIOIYI0 MPO-
deccroHanpHOE U COllMabHOE obecredyeHHe Iep-
COHUQULUPOBAHHOU Cpellbl KH3HeJesTelbHO-
CTU YesioBeKa. PyHKIHIO MHTErpaTropa B paM-
KaX pelleHHs BhIIIeYKa3aHHBIX 3aa4 BBIIIOTHSET
rirobanpHasi HHPOKOMMYHHKALIMOHHAS CHCTeMa
"UHTepHeT" B Pa3JHUYHBIX ee NPOoPecCHOHATb-
HBIX IpUlokeHUsIX (MHTepHeT Bellel, UHTepHeT
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nofen, UHAYCTpUANbHBIM HUHTePHeT), BK/IOYas

3a/layy MHTerpalMHu peajbHOr0 U BUPTYaJbHOTO

MHPOB. KOMIIOHEHTHI THOKON IIe4aTHOH 3/1eKTPO-

HUKH KOHGOPMHO IIPOCTPAHCTBEHHO-TeOMeTpHUe-

CKU K GYHKIMOHA/IbHO HHTETPUPYIOTCS B pacIipeie-

JIleHHBbIe CeHCOPHO-YIIpaBsiiolie i HHPOPMaLlHOH-

HO-KOMMYHHKAIIHOHHBIe Cpefibl, obecrieurBasi BbICO-

KYI0O KOHCTPYKTHUBHYIO aJalITUBHOCTh U SKOHOMHUUe-

CKy10 3QPeKTHBHOCTb TEXHUUECKHUX PelIeHHH.
Lles1blo JAHHOM CTAThH SBJISETCS XapaKTepHUCTHKA

COBpeMeHHOI'0 0Te4eCTBEHHOI'0 COCTOSIHUSI JaHHOT0

JUHaMHYHO pa3BHBAIOIIErocsl HallpaB/aeHUs IpUMe-

HUTEIbHO K CO3/JTaHUI0 QYHKIIMOHAIBbHBIX 31eKTPOH-

HBIX KOMIIOHEHTOB Ha OCHOBe aJJUTHBHBIX IledaT-

HBIX 2D-TeXHOJIOTU: KalleJIbHO-CTPYHMHEIX, [TI€YaTHO-

MaTPUYHBIX TPadapeTHBIX, A9PO30IbHBIX U TaK Ha3bI-

BaeMbIx 3D-MID-TeXHOJIOTHH, OCHOBAHHBIX Ha Jla3ep-

HOM MOOU(UKALIUH ~ KOHBePCUH IIPUIIOBEPXHOCTHOI'O

c1ost. OCHOBHBIMHU 0COO@HHOCTSIMU JAHHOTO BUJA TeX-

HOJIOTHH SIBJISIIOTCSL:

* BBICOKas IIPOM3BOAMTEIBHOCTD I10 IJIOMIAAH K CKO-
POCTH IevYaTH Ha Pa3JIH4YHBIX cybcTparax (obowm,
ozmexxza, bymara, MoMuMepsl U I1P.);

+ TU6KOCTDb U TPEXMEPHOCTh CyO6CTPATOB;

 IIMpoKasi HOMeHK/aTypa 6a30BbIX PACXOIHBIX MaTe-
puaoB (MeTalIn4yeckHe, 1U3IeKTpUyeckue, MarHUT-
HBble, ONITHYeCKHe U TIOMHUHeCIIeHTHbIe KOMIIO3ULIUH);

* HH3KOTeMIIepaTypHOCTb TeXHOJIOTHH;

* JIOCTH>KEHMe JOCTAaTOUHO BBICOKOIO IIPOCTPAHCTBEH-
HOTO pa3pellleHUs IPU CTPYHHOM NeyaTH (10 1 MKM)
C BO3MOKXHOCTBIO OTKa3a OT JUTOrpadHUUecKUX
IIPOLIECCOB.

Puc.1. Knacmep Lugpposol ¢pabpuku 2ubkol nedamHol 3neK-
MPOHUKU U GOMOHUKU

Fig.1. Cluster of the Digital Factory of flexible printed electronics
and photonics

Hapsny ¢ TeXHONOTUSIMU IIe4aTH UHAYCTPUS Tub-
KOM Ie4YaTHOM 3J1eKTPOHHMKHU U QOTOHUKH BKIIIO-
YaeT MPOIeCcCH MPelu3noHHOU 2D- u 3D-c6opku
U HCIIOJIb30BAHME YTOHEHHBIX 6eCKOPIYCHBIX 371e-
MEHTOB 151 COXPAHEHU I THOKOCTH 1 KOHPOPMHOCTH
KOHCTPYKLIHUH.

Ludposas pabprka - kaacTep rubKoN IeYaTHON
371eKTPOHUKHU U POTOHUKH (pHc.1), paspaboTaHHBII
Ha 6a3e QyHKIMOHATBHBIX MOAy/Iel (pUc.2), HHTe-
TPUPOBAHHBIX B aBTOMATHU3HPOBAHHYIO TeXHOJIOT U~
YeCKyIo IUHHIO, OBI/1 paHee NpeACTaBIeH B HAIIHUX
paborax [1, 2] u 06befHHSET B CBOEM COCTABE MOIY/Ib
TeXHOXHMMUUeCKON 06paboTKM, MOAy/NIU Kallle-
CTPYMHOM IIe4YaTH C CUCTeMaMHU HHTerpajbHOU

ontemporary scientific and
technological revolutions
described in terms of "Indus-
try 4.0" mean a unification of mod-
ern information and communi-
cation technologies with the pro-
duction equipment and automa-
tion facilities and, definitely,
"Society 5.0" ("smart society")
implicates a digital transformation
aimed at the formation of a new
social and technological medium
based on the artificial intelligence
systems - both of them are centred
around integration of the physical
and cyber space.
Flexible printed electronics and
photonics are at the forefront of

investments in a new, science-
driven innovative ecosystem that
harmoniously combines profes-
sional and social welfare of the
personalized medium of human
life activities. Within the frame of
these tasks the integrating function
belongs to the global information
and communication system "Inter-
net" in its diverse professional appli-
cations (Internet of things, Inter-
net of people, industrial Internet),
including the task to integrate the
actual and virtual worlds. Compo-
nents of the flexible printed con-
formed electronics are conformally,
spatially/|geometrically and func-
tionally integrated into the distrib-

uted touch-controlled and infor-
mation and communication media
thereby providing for a high design
adaptability of engineering solu-
tions.

The paper characterizes the
state-of-the-art of this dynam-
ically developing direction as
applied to development of the
functional electronic components
using 2D-based additive printed
technologies: Ink-Jet, print matrix
screening, aerosol spray and so-
called 3D-MID technologies based
on the laser modification-conver-
sion of the surface layer. The main
features of this kind of technolo-
gies are:
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MexaHun4ecKkon coopkm
Installation for precision
mechanical assembly

WHTerpupytoLias
TPaHCMNOPTHAas TNMHUS
Integrating Transport Line

YcTaHoBKka 3D-c60pku
Installation for 3D assembly

YcTaHoBKa 419 NpeLmn3noHHom

YcTaHoBKa 415 pOpMUMPOBAHMS HA
NOBEPXHOCTU NOAJIONKEK MOKPbLITUI
NpOu3BONbHOM dﬁoprl (BT.4.3D)
Installation for the formation of arbitrary
shape coatings on the substrate surfaces
(including BD%

KnacTep 415 n3rotoeneHms
rMBKMX HoCKTeNew
Flexible Media Cluster

B/10K Me4aTHOM 31eKTPOHUKM
Printed Electronics Unit

KomMnnekc TepMOXMMmyeckon o6paboTkum

Thermochemical processing complex

YcTaHoBKa 3D-MuKpocbopku
3D micro-assembling installation

Puc.2. Knacmep zu6koli ne4yamHol 3AeKmpoHUKU U pOMOHUKU: PYHKUUOHAAbHbIE MOJYAU
Fig.2. Cluster of flexible printed electronics and photonics: function modules

« high productivity by the area and
printing speed on various sub-
strates (wallpaper, clothes, paper,
polymers, etc.);

« flexibility and three-dimensional-
ity of substrates;

« wide range of the main consum-
ables (metallic, dielectric, mag-
netic, optical and luminescent
compositions);

« low-temperature technology;

« achievement of a sufficiently high
spatial resolution at InkJet process
(to 1 p) with a possibility to reject
lithographic processes.

Along with the printing technol-
ogies the flexible printed electron-
ics and photonics includes 2D and 3D

processes of the precision assembly
and use of thinned chips so as to pre-
serve flexibility and conformance of
the construction.

ADigital Factory, meaning a clus-
ter of flexible printed electronics
and photonics (Fig.1) developed on
the basis of the functional modules
(Fig.2) that have been integrated in
the automated processing line, was
earlier presented in our papers [1, 2]
and incorporates a techno-chemi-
cal processing module, Ink-Jet mod-
ules backed with the integral ther-
mal and local laser processing, a
3D-interconnected laser surface
modification module (3D-MID),
modules of super-precision 2D and
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3D assembly characterized by the
positioning accuracy to 0.5 yt, a mod-
ule of automatic mechanical assem-
bly (delta-robot) of dissimilar micro-
components, conveyers and robotic
loaders and the automated system
that controls modules and product
movement processes along the line.
The cluster has its own local dedust-
ing and product removal system.
The modules function due to stand-
ard software editable to perform var-
ious processing tasks depending on
the process parameters and the own
software that ensures the system
control of the cluster. The articles are
designed within the frame of modi-
fied software applications.
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Puc.3. Yun mukpokoHmpoaaepa, ymoHeHHbil 00 30 MKM
Fig.3. Microcontroller chip thinned to 30 microns

TepMHYECKON U JIOKAJIBHOM J1a3epHOM 06paboTKHy,
MOAyAb 3D-KOMMYTAallUK J1a3ePHBIM MOJHUPHUIIH-
poBarueM (3D-MID), MOAY/IH CBePXIIPelM3HOHHOM
2D- 1 3D-c60PKHU C TOUHOCTBIO ITO3ULIMOHUPOBAHU S
no 0,5 MKM, MOAY/Ib aBTOMAaTHU4YeCKOU MeXaHHUe-
CKoM cb6opkHU (IenbTa-poboT) pa3HOPOLHBIX MUKPO-
KOMIIOHEHTOB, TPAHCIIOPTHBIe JIMHUH U 3arpy304-
Hble pobOTHI, aBTOMATH3UPOBAHHYIO CUCTEMY YIIPaB-
JeHHUS MOAYISIMH U IpOLlecCaMU IepeMelleHHs
I10 TPAHCIIOPTHOM MarucTpanu. Kiacrep umeer cob-
CTBEHHYIO CHUCTeMY JIOKaJbHOTO 06eCIBIIMBAHUS
Y yoaJleHUs NPoAyKToB. PaboTa Moayier OCHOBaHA
Ha HCIO0/b30BAaHHUHU CTAaHAAPTHOIO IIPOrpaMMHOIO
obecriedeHH s, pelaKTHPYeMOTO [J/1Sl BBIIIOTHEHHU S
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Puc.4. lMeyamHble pesucmopbl
Fig.4. Printed resistors

Pa3/IMYHBIX TeXHOJOTHYECKUX 3aJad HCXOAS
13 [TapaMeTPOB IIpoliecca U COOCTBEHHBIX IIPOrpaMM-
HBIX CPeJiCTB CHCTeMHOIO YIIPaBIeHHUs KIaCTepPOM.

[IpoeKTHPOBaHHeE H3/le/IMH peanu3yeTcss B paMKax

MoAHGUIIMPOBAHHBIX IPOrPAMMHBIX CPeJICTB.
OcobeHHOCTH HOBOM IIPOU3BOACTBEHHO-TEXHOJIO-

rUYecKor HUIIHU CIelyIoLre:

e IIHMPOKOEe HCIOAb30BaHHe IIPU H3TOTOBIE-
HUU H3JeIUN NPeLHU3UOHHBIX aJJUTHUB-
HBIX KaIleJbHO-CTPYHMHBIX, KOPIYCKYISPHBIX
Y MHIPUHT-TeXHOJIOTHUI;

* peanu3alMsl NPOLECCOB B YycA0BUAX 2D-
1 3D-cybcTpaToB pasnIuuHOM GU3MKO-XHMHUUeCKON
IIPUPOJIHI;

The peculiar features of the new
production and technological niche
are as follows:

« wide application in manufactur-
ing articles made with the use of
precision, additive, InkJet, parti-
cle and in-print technologies;

+ accomplishment of the processes
on 2D and 3D substrates of various
physical and chemical nature;

+ development of convergence tech-
nologies based on organic-inor-
ganic and bio-inorganic hybridi-
zation.

Totality of the earlier indi-
cated design and processing solu-
tions defines efficient ways for
the industry-wise orientation

of the market aimed at develop-
ment of the new generation prod-
ucts for the socially oriented busi-
nesses and technologies, including
medical, food and pharmaceutical
industries, agriculture and bio-

technologies [3].

Examples of microengineering
products based on flexible printed
electronic and photonics are much
needed by the socially important
branches of the economy:

+ microanalytical systems of the
laboratory-on-chip type applica-
ble for the high-sensitive biomed-
ical express-control, food prod-
uct safety determination and bio-
sphere monitoring;

 ultrasmall information and
communication modules easily
integrated in food product pack-
ing in order to collect and trans-
fer information on the condi-
tions of storage, transportation
and sale;

« multifunctional sensor-actu-
ating elements incorporated in
clothes and placed on a human
body for the needs of biomoni-
toring and management of the
body condition;

 low-budget distributed sensor
fields to monitor agricultural
parameters in the individual
plots and in the industrial sec-
tors of agriculture;

VoL.12 No. 6 (92) 2019 NANO INDUSTRY
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Puc.5. MeyamHble KaMywKu UHOYKMUBHOCMU U AHMEHHbI
Fig.5. Printed inductors and antennas

¢ pPa3BUTHE KOHBEePreHTHHIX TeXHOJOI Ui Ha OCHOBE
OpraHOHeOpraHUYeCKON U OMOHEOPraHHUYeCKOH
ru6pUIH3aIIHH.

COBOKYITHOCTH PaHee YKa3aHHBIX KOHCTPYKTHUBHO-
TEeXHOJIOTUYeCKHUX PelIeHUH onpenenseT 3obekTUB-
HBle HaIlpaBJIeHH s OTPAC/IeBOU IIpeMeTHOM OpHeH-
TallUM PbIHKA — 3TO CO3JaHHe MPOAYKIIMH HOBOIO
IIOKOJIeHHU S IJIsS COLHMAJbHO OPHEHTHPOBAHHBIX
IIPOU3BOACTB M TeXHOJIOTUH, BKIIOYasl MeqUIINH-
CKYIO, ITHIIEeBYI0, papMalleBTUYeCKYIO IIPOMBIII/IeH-
HOCTbB, CeJIbCKOE XO3SIHCTBO U OMOTeXHOIOTHH [3].

[IpuMepHl U3IeTUN MUKPOTEXHUKH Ha OCHOBE
rUOKOM ITeYaTHON 3JIeKTPOHUKHU U POTOHUKH, BOC-
TpebOBaHHBIe [IJIS1 COLIMAIBHO 3HAUMMBIX OTPaciIel
SKOHOMHKH
e MUKPOAHATUTHYECKHE CUCTEMBI THUIIA TA60PaTOPUH-

Ha-4UIIe JJIsI BBICOKOUYBCTBUTEIBHOIO OHOMeIH-

LIMHCKOTO 3KCIIPeCC-KOHTPOIISL, ollpeneneHus bes-

OIMACHOCTH MUIIEeBbIX IPOAYKTOB U MOHUTOPHUHTIA

brioTexHOCEPBHI;

¢ CBepXMHUHHUATIOPHBle HHQOPMALIMOHHO-KOMMYHH-
KaI[MOHHBIE MOJY/IH, JIETKO MHTETPHPyeMble B yIIa-
KOBKY IIPO/IOBOJILCTBEHHBIX TOBApOB A1 cbopa
U Ilepeflauu UHGOPMALIUKU 00 yCJIOBUSIX XPaHEHHU S,
TPAHCIIOPTHPOBKH, ITPOJASKY;

e MYJIBTHQYHKLIMOHATBHBIE CEHCOPHO-HCIIOTHUTEIb
HBble 37IeMeHTbl, HHTeIrpUpyeMble B OfleKy U pas-
MellaeMble Ha TeJle Ye0BeKa 11 6HOMOHUTOPHHTA
Y KOPPEKLIUHU COCTOSIHUSI OPTaHU3Ma;

e MaJiobIoKeTHEle paclipefe/leHHble CEeHCOPHBIe
I10JISl IJISL KOHTPOJISL arpolapaMeTpoB B HHIUBH-
IyaJIPHBIX U IIPOMBIIIJIEHHBIX CEKTOPAX CeJIbCKOTO0
XO035MCTBA;

* CEHCOPHO-HUCIOMHUTEIbHBIE CBEPXMHHHUATIOP-
Hble MOAY/IH A1 6MOHNYeCKHUX po6OTeXHUIeCKUX

HAHO MHOYCTPHA Tom 12 Ne6 (92) 2019

Puc.6. baok 6ecnposodHo20 Uupposozo uHmepdelica.
YmoHeHue yuna ¢ 325 90 35 mMkm

Fig.6. Wireless digital interface unit. Chip thinning from 325 to
35 microns

KOMIIJIEKCOB M CUCTeM 3aMelleHUsI QyHKLIMOHATb"

HBIX 9/1eMeHTOB B OpTraHH3Me 4YejloBeKa.

B CII6IDTY "JISTH" peann3oBaHbl IPOTOTHIIEI
MOAYJIeH, KOTOPbIe SIBISIOTCS 6a30BBIMHU A1 Gop-
MHUpOBaHUS MHTepHeTa Belllel, a UMeHHO — Tub-
Kasi CBepXTOHKAas UHTe/lJIeKTyaabHas CeHCOpHas
nnatdopma.

Cbopka Mopylel IO TeXHOJOTHMHU THUOPUSA-
HOM Ie4aTHOM 3JIeKTPOHHUKH, a TaKKe JOoCTHXKe-
HHMe TaKOro 3HAYMMOTO0 IT1apaMeTpa, KaK rHbKoCTh
yCTpOMCTBa, TpebyeT HATUUYUS TEXHOJTOTHHU CO3-
OAaHUS CBePXTOHKUX UHTeIPaJbHBIX MUKPOCXEM.
CII6IOTY "JISTH" pazpaboTal TeXHONIOTUIO YyTOHe-
HHUS 6eCKOPIYCHBIX HHTerpalbHbIX MHUKPOCXEM.
Pe3ynbTaT yTOHEHUS MIpe/icTaBleH Ha oTorpaduu
(puc.3). YToHeHHe TPOBOLHMIIOCE 10 30-40 MKM, IIpU
3TOM paboTocIiocobHOCTH KPHUCTANIA COXPAHEHA.
[IoTeHIIMAIbHO TeXHOJIOTHS I103BOJISET YTOHSITH
kpuctamwisl MMC 1o 10-15 MKM.

[IpuMeHeHUe THOPUAHON TeXHOMOTHUHU (TeXHO-
JIOTHHU CBEPXTOHKOIO KPUCTa/jla U TeXHOJIOTHUHU
InkJet - kanmecTpyriHOe MHOTOCIONHOE HaHece-
HHe KOMMYTHPYIOIIHX CI0eB) 06ecrIednio U3roToB-
neHHe Heo6XoqUMBIX 6a30BBIX 6/I0KOB I11aTGOPMBI
[4-6]:

1. CBepxnockHe rH6KHe pe3ucTopsl (puc.4) U3ro-
TOBJIeHBHI 110 TexHonoruu Inkjet u obnagamT cie-
OYIOUIMMU IIapaMeTpPaMHU:

e TONIIKMHA: A0 30 MKM;

« panuyc usruba: ot 0,1 MmMm;

e HOMHHAAJI: 0T 1 OM 10 1 MOM.

2. CBepxIUIOCKHe THOKHe KaTymIKH HHAYKTHB-

HOCTH U MHKPOaHTeHHBI (pHC.5), BO3MOXKHO
X HCIIONb30BAaHHE B TOM YHCJIe KaK CeHCOp-
HBIX 3JIeMeHTOB QH3MUYeCKUX BeJIHUYUH, OHHU
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Puc.7. a = nnamdopma mukpokoHmpoaaepa; b - kpucmana mukpokoHmponaepa ¢ kommymauueu
Fig.7. a - the microcontroller platform; b - switching microcontroller chip

KM3TOTOBJIEHBI 10 TexHosoruu Inkjet u obnamanoT e TaKkToBasg vacrora: 0,25...8 MI11;
» pabouas yacrora PY-610Ka: 13,56 MI1;
* TOK IOoTpebeHHUs B CIsIIeM peskxrMe: He bonee

CJIelyIOIIMMU [TapaMeTpPaMHu:
¢ pazauyc msruba: ot 1cm;

e HOMHHaI: oT 10 HI mo 1 mT;

e TONIIMHA: 10 30 MKM.

3. Biiok 6ecipoBogHOrO HPpPOBOro HHTepderica
(prc.6) U3roTOBJIEH II0 TUOPUIHON TeXHOJIOTHH,
C IprMeHeHHeM TexHonoruu Inkjet u obnaznaer cie-

OVIOMMMHU ITapaMeTpaMu:
e mpotokoi: NEC;

e TOJIIIMHA: He 6osee 180 MKM;
+ pamuyc usruba: ot 0,1 MMm;

* sensor-actuating ultrasmall mod-
ules for bionic robotic complexes
and the system for replacing func-
tional elements in a human body.
Saint Petersburg Electrotechnical

University "LETI" (SPEU "LETI") has

developed prototypes of the mod-

ules that are basic for the formation

of the Internet of things, namely -a

flexible super-thin intelligent sen-

sory platform.

Assembly of modules with the
use of the hybrid printed electronics
technology and achievement of such
important parameter as the flexibil-
ity of a device necessitates the tech-
nology for the creation of ultrathin
integrated chips. SPEU "LETI" devel-

10 MKA;

* TeMIIepaTypHBIH AHama3oH: —20...+60°C.

4. Ilnatdopma MUKPOKOHTpoJIepa (pUc.7) U3TOTOB-
7eHa 1o TUOPUAHOM TeXHOJOTUHU, C NpPHUMeHe-
HUeM TexHonoruu Inkjet u obnagaer crefyomuMu
IapamMeTpaMu:

e TONIMHA Bcero 6y10ka: He 6oee 180 MKM;
e JaT4YHK TeMmmepaTtypsl: -20 1o +60°C; * yTOHEHHE YHIIa: C 325 10 35 MKM,;

* pamuycusruba: ot 0,1 MM;

* MHKpOKOHTpostep: CYPRESS CY8C20;

* HampsiKeHHe mUMTaHHA: 1,8...3,6 B; * HampsKeHHe muTaHHA: 1,71...5,5 B;

oped the thinning process for pro-
duction of bare chips. The result of
thinning is shown in the photo-
graph (Fig.3). Thinning was made
to 30-40 p, however, the servicea-
bility of the crystal was preserved.
Potentially, the technology allows
of thinning chips to 10-15 p.
Application of the hybrid tech-
nology (ultrathin crystal technol-
ogy and InkJet multilayer inter-
connecting layers technology) pro-
vided for manufacturing of the
required basic blocks of the plat-
form [4-6]:
1. Superflat flexible resistors (Fig.4)
are made according to the InkJet
technology (bubble-jet multilayer

application) and have the follow-
ing parameters:

« thickness to30 y;

« bend radius from 0.1 mm;

« rating from 10hm to 1 MOhm.

. Superflat flexible inductor coils

and microantennas (Fig.5) can also
be used as the sensor elements of
physical values; they are made
with the use of InkJet technology
(bubble-jet multilayer application)
and have the following parame-
ters:

o bend radius from1cm;

« rating from 10 nH to 1 mH;

+ thickness to30 .

. The wireless digital interface

unit (Fig.6) is made with the
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Puc.8. a - modyab pa3w-namamu; b - kpucmana paew-namsmu (ymoHeHue 90 76 MKM)

HAHOTEXHONOrMu

Fig.8. a - flash memory module; b - flash memory crystal (thinning up to 76 microns)

e mamMaTh: SRAM 16 kB; Flash NM - 256 K (32 kB); ¢ TOK IoTpebeHUs B Pe>KHMe 3aIlHCH: He bosee
 I2C, USB, ALIIT10 6uT. 40 MA,;
5. binok mamsTH (pUC.8) U3rOTOB/IeH IO THOPUL- + o6beM mamsTH: 512 MOUT;
HON TeXHOJOTUH, C IPUMeHeHHeM TeXHO- e TeMIIepaTypHBIM AHUama30H: —40...+85°C.
norun InkjJet m obragaeTr cregyROIUMU PaspaboTraHHas TexHONOrus obecreynBaeT BO3-
mapaMeTpaMHu: MOKHOCTb U3TOTOBJIeHHUS 6710KOB Ha rHU6KOM Kepa-

e TONIIMHA Bcero 60ka: He 6oee 210 MKM;

e pazmyc musruba: ot 0,1 Mmm;

* HaNpsiKeHHe MUTaHHUA: oT 1,65 1o 2,0 B;

* TOK IIOTpPebyeHU S B pekKKMe ITPOCTOosI: He boee
180 MKA;

MHUKe UIH THOKOM CTeKJe, YTO AesaeT mpubop
YCTOMYMBBIM K arPeCCUBHBIM CpefiaM, C COXpaHe-
HHeM UX TUOKOCTU U MUHHMaJIbHOM TOJIIUHBEL.
PaspaboTaHHBe U H3rOTOBJEHHBble QYHK-
LHUOHANIbHEIE 6m0oKkHM (puc.4-8) obecmeuunu

R R TImmiiiiii——
use of the hybrid technology

4, The microcontroller platform 5. The memory unit (Fig.8) is man-

and InkJet technology (bub-

ble-jet multilayer application)

and has the following param-

eters:

* protocol - NEC;

 temperature sensor with the
range from -20 to +60°C;

+ thickness not more than 180 p;

« bend radius from 0.1 mm;

« supply voltage-1,8...3,6 V;

e clock rate - 0.25...8 MHz;

+ working frequency of the RF
unit-13.56 MHz;

 current drain in sleep mode
not exceeding 10 pA;

+ temperature range from
20...+60°C.

(Fig.7) is manufactured with the

use of the hybrid technology and

InkJet technology (bubble-jet mul-

tilayer application of interconnect-

ing layers) and has the following

parameters:

« the entire unit thickness not
exceeding 180 p;

+ chip thinning from 325to 35 ;

« bend radius from 0.1 mm;

« CYPRESS CY8C20 micro-
controller;

« supply voltage-1.71...5.5V;

+ SRAM memory 16 kB; Flash
NM -256 K (32 kB);

« 12C, USB, A-to-D converter 10 bit.
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ufactured with the use of hybrid

technology and InkJet technology

(bubble-jet multilayer application

of interconnecting layers) and

has the following parameters:

+ the entire unit thickness not
exceeding 210 y;

o bend radius from 0.1 mm;

+ supply voltage - from 1.65 to
2.0V;

+ currentdrain in standby mode
not exceeding 180 pA;

« current drain in the recording
mode not exceeding 40 mA;

« memory space - 512 Mb;

temperature range -40..

+85°C.
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Puc.9. Tubkas uHmeAnnekmyanbHas CEHCOpHAsl naameoopma
Fig.9. Flexible smart touch platform

TeXHOJIOTHUYeCKHUH 3afes AJIsl U3TOTOBIeHUS Iub-
KOM HHTeN/JeKTya/lbHOMU CeHCOPHOMU IIaTPOPMBI
(puc.9).

CocTaB nnaTGOPMBI: INPOLLECCOPHBIM MOMYIb;
MoAynb NaMsTH; HudpoBoil NFC-uHTepdelic; ceH-
COpBL TeMIIePATYPHI, SABI€HU S, BIaKHOCTH, Ia30-
BOTO COCTaBa.

B KavecTBe mMpHUMepa peaar3aluy IIJI1aTGOPMBI
HM3rOTOBJIEH IIPOTOTUII MHTEJ/IJIEKTYaAbHOU yIla-
KoBKH (puc.10). IIpoToTHu 0b1amaeT CleAyOIIUMU
napamerpamu: NFC-uHTepderic; u3aMepsieMoe yCKO-
peHue +2/4/8 g; u3MepseMas TeMmIlepaTypa oT -40
no +85°C; baTapess UTaHUA 15 MA - 4.

NANOTECHNOLOGIES

Puc.10. MHmennekmyanbHas ynakoexka ¢ cucmemamu pezu-
cCmpauuu yckopeHus u memnepamypbi

Fig.10. Intelligent packaging with acceleration and temperature
recording systems

3AK/IOYEHUE

Jlist peanM3alluy MIPOLIECCOB THOKOK MeYATHOH 3JIeK-

TPOHUKHU U QOTOHHUKH U CO3[AHHUS TeXHOJOTHYe-

CKHX KJIACT€POB HOBOTO IOKoleHHs B CIIBIITY

“JISTKU" B 2016 romy co3maH UHKUHUPHUHIOBBIH LIEHTP,

OTKPBIBAIONMH HOBBIM B POCCHMU CerMeHT HMHXKH-

HUPHUHTOBBIX YCIYT U 06/MafalIMUK CIeAyoIMMHU

IIperMyIecTBaMHU:

* OTCYTCTBHE Ha PBIHKe POCCHHICKHUX KOHKYPEHTOB
€ HeobXOIMMBIM YPOBHEM KOMIIETEHIIHH;

* OrPAaHHUYEHHOCTb OTEUYECTBEHHOIO JOCTyIla
K 3TOMY CerMEeHTY MeX/JyHapOJgHOTO peIHKA IIPU
ero JUHAMUYHOM Pa3BUTHH;

The developed technology
makes it possible to manufacture
chips on flexible ceramics or flex-
ible glass which makes the device
resistant to aggressive media
while preserving their flexibility
and minimum thickness.

The developed and produced
functional chips (Figs.4-8) pro-
vided for the technological
groundwork for manufacturing
a flexible intelligent sensor plat-
form (Fig.9).

The platform comprises: a pro-
cessor module; a memory mod-
ule; digital NFC interface; and
temperature, pressure, humidity
and gas-phase composition.

An example of the produced
platform is presented by a proto-
type of the intelligent packaging
(Fig.10). The prototype has the fol-
lowing parameters: NFC interface;
measured acceleration +2/4/8g;
measured temperature from -40 to
+85°C; and storage battery 15 mAh.

CONCLUSIONS

With a view of realizing the flex-
ible printed electronic and pho-
tonics processes and developing
the new generation technologi-
cal clusters, an engineering cen-
tre was set up in SPEU "LETI" in
2016. This centre has opened a
new in Russia segment of the

engineering services that ensures

the following advantages:

« absence on the market of the
Russian competitors that possess
the required competency level;

« restricted domestic access to
this segment of the global mar-
ket which develops dynamically;

« availability of actual compe-
tency in the development of
microsystems on a by-order
basis with the university
researchers;

« unique personnel, intellec-
tual, material and technical
resources for establishing of the
engineering centre and provi-
sion of engineering services. W
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JlaHHOe W3/iaHWe MpefHa3HaYeHO ANS Hay4YHbIX COTPYAHMKOB, aCMMPAHTOB W CTYAEHTOB CTApLUMX KypCOB,
paboTaloWMX AW CMIELMANA3VPYIOLLMXCS B 06MIACTU HEOPraHNYECKOTO CUHTEA, XM TBEPAOTO TeNa U Heop-

[puBeneHb! CBeAeHNs 0 CamblX MOCNEAHNX JOCTUXKEHUSX B IKCMEpUMEHTA/IbHbIX pa60Tax M0 XUMWW, BbINOIHEH-

HbIX C MPUMEHEHMEM TeXHWUKI BbICOKWX [aBNEHINA, METOAAX ero CO3AaHNS, U3MEPEHNsIX U KOHKPETHbIX annapaTax.
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LabHble — B OPUTrMHALHDLIX CTATbSX, CCbITKW HA KOTOpbIe CrIeLMaNbHO He MPUBESEHI B AHHOM U3LaHUM, MOCKONLKY,
MO MHEHMIO aBTOPOB, MOMUCK HAY4HON MHGMOPMALLAM SIBASIETCA HEOTLEMIEMON YACTbO MPOLIECcA 0By4eHmst MOMIOAbIX
HayuHbIX COTPYAHWKOB. B 0COBbIX CNy4asiX (CBA3AHHDIX C HOBEMLUMMI WM OPUTHATILHBIMI HAMPABAEHMAMI PaboT
WIIW BECHMA SPKVMY MOMYYEHHDIMM PE3y/TaTaMy) TakiAe CChIIKY MPUBOASTCA MO TEKCTY M3NOKEHMS.
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[€/ICTBIAS HA BELLECTBO BbICOKMX AABNEHMIA (B CaMbIX PA3/IN4HbIX BAPUAHTAX, @ B XVIMUY YIIEPOAA 0COBEHHO BO3POCLLINX
nocne pa3BepTbIBaHIg paboT No rpadieHOBO TEMATVIKE), BBTOPbI CTAPAINCH OFPAHIYUTLCA PACCMOTPEHUEM TOLKO TeX
Pe3y/LTaToB, KOTOPbIE MPEACTABASIOT MHTEPEC Ans vX MPOdECCUOHANLHON AESTENbHOCTA MW Hanbonee SIpKo AeMOH-
CTPUPYHOT M/I00TBOPHOCTL UCTIOb30BaHMS AHHOI METOAO0N0MVI B HEOPraHWYECKOM CUHTE3e U MaTepUasioBeAeHMN.

ABTOpbI CTapanuch NpUAATL TEKCTY MAKCUMANLHO MOMYASPHYIO GOpMY, YTOOLI MPUBELEHHbIE Hay4HbIE
pe3yLTaTbl OblNN AOCTYMHbI BCEM MHTEPECYHOWMMCS AAHHON TeMATUKON.
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