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MNpousBegeH aHanM3 BO3MOXHOCTEN coBpeMeHHbiXx 3D MiID-texHonoruit (Three Dimensional
Molded Interconnected Devices) aasi NpoM3BOACTBA TPeXMEPHbIX 3JIEKTPOHHbIX cpeacTs (TIY).
OnpepgeneHbl OCHOBHble CPaBHUTEJIbHblE XapaKTEPUCTUKU, AOCTOMHCTBA U HEAOCTATKU AaHHbIX
TexHonorun. [MpepnoxeHa HoBas knaccupukauma 3D MID-TexHONOrMM MO AUCKpeTU3aLUn
nosiy4eHus CTPYKTYp U HOMEHKaTypbl UCNO/Ib3yeMblX MaTepuanoB. [lopa6oTaHa knaccupukaums
obbekToB TOY. BBepeHo noHsaTMe KBasn-4D u 4D-06beKTOB MNepBOro, BTOPOr0 WU TpPeTbero
nokoneHun. OnpepeneHbl 6nnXanive U [OArOCPOYHble NepcnekTUBbl pasButus 3D MID-
TexHonormn. Co3paHa AOPOXHAsA KapTa 3TAnoB pa3BUTUS COBPEMEHHbIX PU3MYECKUX MeTOAO0B
dopmupoBaHusa TIY.

The analysis of opportunities of modern 3D MID technologies (Three Dimensional Molded
Interconnected Devices) for production of three-dimensional electronic devices (TEU) is done.
The main comparative characteristics, merits and demerits of these technologies are defined.
New classification of 3D MID technology for sampling of structures and the nomenclature
of the materials are proposed. Classification of TEU is improved. The concept of quasi-4D and
4D objects of the first, second and third generations is introduced. The near-term and long-term
outlook of development of 3D MID technologies is proposed. The road map of development of
modern physical methods for TEU manufacturing is created.

a COBpeMeHHOM 3Talle MUKPOMHHHUATIOPHU-
3allMH 37eKTPOHHBIX YCTPOMCTB BO3HHUKIIA
HacyImlHas HeoOXOOHUMOCTb HMCIIONb30BAHMUS
nwobol BHyTpeHHeH "cBOOOJHON" IMOBEPXHOCTHU
H3Me/Nus 3TeKTPOHHOMN TeXHUKHU He TOJIBKO B Kaye-
CTBe MAaCCHBHOTO KOHCTPYKIIMOHHOIO 3JIeMeHTa,
HO M B Ka4YeCTBe MaTepHasa, CIIOCOOHOro HeCTH
GyHKIIMOHAIBHYIO "HArpy3Kky' (HaHeceHHe KOHTAKT-
HBIX IVIOMAJI0K, IIPOBOAHUKOB, MOHTaX aKTHBHBIX

ropsiyero TUCHeHHU s, TePMOTpPaHChepHOro mnepe-
Hoca u T.x. [1];

» xecTkue ob6beMHBbIe (3D) QUIYypPBI, KOTOpHIE
IeJIsiTCSL Ha IBa PoJa: co3/laBaeMble Ha base skecT-
KHX IOAJIOKEeK TPAaAULMOHHBIMHU IIPOMBIIIJIEH-
HBIMH MeTOJaMHU (IMThbe, HITAMIIOBKA) U GOPMHU-
PyeMble MOCA0MHO IIPU IIOMOIIK 3D-IIPUHTEPOB
[2-6].

Bce ykKasaHHBIe THUIIB TPagHIUOHHBEX 2D-

3JIEMEHTOB U T.[I.), TO €CTh B KaUeCTBe IIOJJIOKKHU /15
bopMUpPOBaHUS UHTErpaabHO-00BEeMHON IeYaT-
HOM IIJIAThI —~ TPEXMEPHBIX 3JIeKTPOHHBIX YCTPOHCTB
(T3VY).
TpagUIIMOHHO B IIPOM3BOACTBe TIY pa3snuvaioT
IBa TUIIA CJIOKHBIX 00Be MHBIX 0O BEKTOB:
* KBa3Hob6BbeMHBbIe QUTYPHI, CO3/IaBaeMble U3 OTIe/Ib-
HBIX 2D-Monynel Ha 6a3e KeCTKUX MU TU6-
KHUX IOJJIOKEK MeTOLaMH TpadapeTHON IeYaTH,

(kBa3u-3D) u 3D-TeXHOJOTUH II0 CO3JAHHUI0 Tpex-
MepHBIX 37IeKTPOHHBIX YCTPOMCTB (Tabs1.1) 0b61amaroT
06IIKUM He ycTpaHsieMBIM HeJOCTaTKOM - OTCYT-
CTBHEM BO3MOKHOCTH POPMHPOBAHHUS MHOILOC/IOM-
HBIX CJIOKHBIX 3D-06B€KTOB C HMCIIONb30BAHHUEM B
KadecTBe PYHKLIMOHAIBHBIX 3JIeMEHTOB BCeX TPaHell,
pebep U CTeHOK.

B CBSI3K € 3THM B HaCTOsIIlee BpeMsl Ha4aaH pa3-
BHUBATbCSI TeXHONIOTUU GopMHUPOBaHUS 4D-06BbeKTOB

MOCKOBCKMIM aBUALMOHHbIA MHCTUTYT (HAaLMOHaNbHbIN MCCNef0BaTebCKUIA yHMBEPCUTET) / Moscow Aviation Institute (National Research University).
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Tabauya 1. Kaaccuguxauus mexHoaozull uszomosneHus 3D-06bekmos T3Y [7]
Table1. Classification of manufacturing processes for 3D TEU [7]
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t the present stage of

microminiaturization of

electronic devices there
is an urgent need to use any
"free" surface of the product
of electronic technology not
only as a passive structural
element but also as a material
with certain functions (apply-
ing the electrode pads, conduc-
tors, installation of active ele-
ments, etc.), thatis as the sub-
strate for the 3D printed circuit
board - a three-dimensional
electronic devices (TEU).

Traditionally, there are two
types of complex three-dimen-
sional objects in the produc-
tion of TEU:

e quasi-three-dimensional
shapes created from indi-
vidual 2D modules based on
rigid or flexible substrates
with use of screen print-
ing, hot stamping, thermal
transfer etc. [1];

e rigid three-dimensional
(3D) shapes that are divided
into two kinds: created on
the basis of rigid substrates

with use of traditional

industrial methods (cast-

ing, stamping) and formed
layer by layer using 3D print-

ers [2-6].

All of these types of tradi-
tional 2D (quasi-3D) and the
3D technology for creation of
three-dimensional electronic
devices (table.1) have the gen-
eral disadvantage, which is
the inability to obtain multi-
layer complex 3D objects with
use of all faces, edges and
walls as functional elements.
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TexHonornu 3D MID
3D MID-technologies

XKnAKOCTHbIe
Liquid

Cyxue (razodasHoie)
Dry (gas-phase)

[iByxLwiarosoe nnTbe
Two Shot Molding

JlasepHoe CTpyKTyprpoBaHue
Laser direct structuring (LDS)

CTpyMHO-a3p030/1bHOE HamblneHWe
Aerosol Jet Material Deposition (M3D)

CTpyviHOe pacnbineHune
Jet sputtering

3D-doTonutorpadus
3D photolithography

[a3o-naasmeHHas MeTanansauns
Flame con

OcaxzaeHue 13 X0/I04HOM Naa3mbl
Plasma dust

Puc.1. Knaccugukayus S-3D MID-mexHonozul

Fig.1. Classification of S-3D MID-technologies

T3Y, nmo3Bonsgomux "in situ" (B mpouecce) popmu-
POBAaHUS IeTalu "BhIPAlIUBaTh QYHKIIMOHATbHBIE
MHOTOCJIONHBIE HeCyI[he KOHCTPYKUHU. IIpu 3ToM
CHapy>XH W BHYTpPH m06oro "cBobomHoro" obpema
IeTaau MOTYT ObITh Pa3MelleHBbl CJIOU UK THHUHU
KOMMYTHPYIOIIHX U MUKPO3JIEKTPOHHBIX 3/IeMEHTOB.
B HacTosiIee BpeMsI HMeOIIHecs] TeXHOTOTHYeCKHe
BO3MOXKHOCTH He IT03BOJISIIOT U3TOTABIKMBATh OPUTH-

HajbHBIE 4D-06beKkTh TAY B eI HOM IIPOH3BOJCTBEH-
HOM IIHKIJIE.

[TepBBIM LIArOM IIPH Pa3paboTKe TEXHOIOTUH 10Ty~
YeHHS [I0JHOLeHHBIX 4D-06bexkToB TAY cTasio co3ma-
HHe KBa3u-4D-06bekToB. COOTBETCTBYIONAS TPYIINA
TeXHOJIOTUH Ioyuu/aa Ha3BaHue 3D MID (Molded
Interconnected Devices) MU TeXHOJIOTUH U3TOTOBJIe-
HUSI TPeXMEPHBIX CXeM Ha 6a3e TUTOro MOHTa>KHOTO

In this regard, technolo-
gies of creation of 4D TEU,
which allows to "grow" func-
tional multilayer structures
in the process of forming of
parts, are developed. Layers
or ranges of switching and
microelectronic elements can
be placed outside and inside
of any "free" volume of these
parts. The existing techno-
logical capabilities do not
allow to produce the original
4D TEU in a single production
cycle.

The first step in the devel-
opment of technologies for
production of a full-fledged
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4D TEU was the creation
of a quasi 4D-objects.
Corresponding group of tech-
nologies is called 3D-MID
(Molded Interconnected
Devices) or technologies for
the manufacture of 3D IC on
molded base [8-10]. Since there
is no strict classification of 3D
MID, from our point of view, it
is reasonable to arrange these
technologies in order of the
discretization of the struc-
tures (table.2):
 single-level technologies:
eV 3D MID (V - volume)
or molding technologies
(insert molding);

e S-3D MID (S - surface)
or surface treatment
technologies;

e hybrid (multi-level) 1G 3D
MID technologies, where
1C is the generation of
miniaturization.

In turn, the surface S-3D
MID-technologies (Fig.1)
can be classified into: liq-
uid (LS-3D MID) and dry
(DS-3D MID) or gas-phase. The
first group includes the fol-
lowing technologies:

e 2S-technologie (two step or
two shot molding);

e laser direct structuring,
LDS;
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Tabauua 2. Knaccuguxauus mexHoAaozull uszomosneHus 4D-o0bbexkmos TOY
Table 2. Classification of manufacturing processes for 4D TEU
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ocHoBaHUS [8-10]. B 1HUTepaType OTCyTCTBYeT CTpOrast
knaccupuxanus 3D MID-TexHOJIOTUH, IO3TOMY, C
Halllel TOYKH 3peHHs], UX L1e/1eCO006pa3Ho pPasmelnTh
I10 JUCKPeTHU3AI WU II0JIy4eHHUsI CTPYKTYP (Tabi.2):
* OJHOYpOBHEBbIE TeXHOJIOTUH;
*V-3D MID (V - volume) 1y cIiaBHBIE TEXHOIOTHUU
(THUTBe CO BCTAaBKOM);
« S-3D MID (S - surface) unu TexHomoruu o6paboTku
[I0BePXHOCTH;
e rubpugHbele (MHOTOypOBHEBBle) TeXHOJIOTHH

1G 3D MID, rze 1C - rmokoJieHHe MUHHATIOpPU3aL U .

B cBow odepenb, MOBEPXHOCTHHIe S-3D MID-
TEeXHOJIOTHH (PHC.1) MOSKHO pPa3fennuTh Ha SKUAKOCT-
Hble (LS-3D MID) u cyxue (DS-3D MID) unu raszodas-
Hble. K>KUAKOCTHBIM OTHOCATCS:

e IByXIIaroBas 3aJIMBKa UIH 2S-TexHosorus (Two

Step unu Two Shot Molding);

» nMasepHoe CTpyKTypupoBaHHe (Laser direct
structuring, LDS);
* CTPYHHO-a23p030JIbHOe HaIbl/leHUe (Aerosol Jet nnu

Maskless, Mesoscale, Material Deposition - M3D);

* CTpyHHOe pacIlbl/IeHHe;
* 3D-poTonuTtorpadpus.

K cyxum (ra3odpasHbIM) TEXHOTOTUSIM MOXKHO OTHe-
CTH ra3o-IIasMeHHYI0 MeTanu3anuio (Flame con) u
OoCa’kJleHHe C IIOMOILBIO 3JIeKTPOAYrOBOro Ijla3Ma-
TpoHa (Plasma dust).

C HameM TOYKH 3peHUS, IPHU PaCCMOTPeHUHU
3D MID-TexHOJIOTUH He06X0QUMO Pa3IesiTh IOH -
THs QYHKIIMOHAJIBHOIO X BCIIOMOTAaTe/JIbHOTO MaTe-
praoB. ECM [TepBBIH SIBJISIETCSI OCHOBHBIM PaboduuM
MaTepHaJIOM 3/7IeMeHTa KOHCTPYKLIKMHK, TO BCIIOMOIa-

TeJIbHBIN HaIlpsAMYIO He BXOAHT B COCTAaB paﬁoqero
MaTepHajld, HO MOXKET Y9aCTBOBATb B €T0 ¢opM006pa-
30BaHHH, U3TOTOBJI€HHUH HUJ/IH 3KCILJIyaTallkH.

1. CN/IABHBIE 3D MID-TEXHO/I0TUU (V-3D MID)

OpHUM K3 Haubojlee YacTO IIPUMeHsIeMbIX TeXHOJIO-

TUH TUThs (MU CIJIABHBIX TeXHOJIOTHUH), BJISETCS

JHTbe MOJ JaBIeHHeM C IIPeJBapUTeIbHO 0TGOPMO-

BaHHBIMHU 3aK/JaJHBIMHU JeTaasIMHU, KOTOPOe BKJIIO-

YaeT HeCKOJIbKO TeXHOJOTHYeCKHUX Pa3HOBULHOCTEH

[11-13]:

+ JexkopupoBaHUe B ipecc-dopme (IMD);

* 3THKETHPOBaHHUe B Iipecc-dpopme (IML);

* JIMTbe C 3aK/aJK0M (BCTAaBKOK) II/IEHOUHBIX 3aT0TO-
BOK (FIM);

* JIATBE C 3aK71aJKOM (BCTAaBKOM) IIIAaCTUKOBBIX HJIH
HMHBIX TOTOBBIX 371eMeHTOB (Insert Molding).
Pa3sHOBUAHOCTH JIUThSI CO BCTABKOM IIJIEHOUHBIX

3aroTOBOK MOTYT PacCMaTPHUBAThCSl U B KauecTBe

OTHe/NbHBIX TeXHOJIOTHI H3TOTOBIEHHUS KBa3u-4D-

06beKTOB, M B KaueCcTBe CII0COH60B M3rOTOBIEHUS

JUTBIX MOHTa>KHBIX OCHOBaHHM (MID), Hanpumep,

115 S-3D MID-TexHonorus (tabim.2).

TpagHULIMOHHO, OCHOBHAS Ues IMThS CO BCTAaBKOM
3aKJIIOYAeTCs B IIPOM3BOACTBE MHOIOKOMIIOHEHTHOM
MHOTOC/IOMHOM JIeTa/Iy IIPU CIJIaB/IeHUH B CTAHAAPT-
HOM ITpecc-popMe ByX TepMOIabKIbHBIX OCHOBAHH
C IPOC/IOMKOM MeXy HUMHU (PHC.2a). TeXHUYeCKH 3Ta
orepanus 61H13Ka K IIPOLecCy ABYXCTOPOHHEM TaMU-
HallMU JOKyMeHTOB. B KauecTBe MPOCIOMKH MOXKET
OBITH HCII0/Ib30BaH IIPaKTUYeCKH 00601 MaTepHat:
MeTaJITM4ecKHe IIaCTUHBI, pa3/IMYHbIe [T0JIMMEPBI,

Variations of film insert

« aerosol jet, maskless, meso-
scale or material deposition
(M3D);

* jet sputtering;

« 3D photolithography.

Dry (gas-phase) technolo-
gies include gas-plasma met-
allization (Flame con) and cold
plasma deposition (Plasma
dust).

From our point of view, it
is necessary to separate the
concepts of functional and
accessory materials when
considering the 3D MID-
technologies. If the first is
the primary material of the
structural element, then the
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accessory one is not included
in the functional mate-
rial, but may participate in
its shaping, fabrication or
operation.

1. V-3D MID TECHNOLOGIES
The injection moulding with
pre-shaped embedded parts
is one of the most commonly
used casting techniques (or
moulding technologies). It
includes several types of tech-
nologies [11-13]:

e in-mold decoration (IMD);

e in-mould labelling (IML);

« film insert molding (FIM);
 insert molding.

molding can be considered as
a separate technologies of fab-
rication of quasi-4D-objects,
and as methods of making
molded bases (MID), for exam-
ple, for S-3D MID technology
(table.2).

Traditionally, the main
idea of the insert molding is
the production of multilayer
multicomponent parts with
fusion in the standard mold
of two coctolabile bases with
a layer between them (Fig.2a).
Technically this operation
is similar to the process of
double-sided lamination of
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a)

Puc.2. OdHoyposHesoe Aumbe co 6cmaskoli nepaozo (a) u emopozo (b) nokoaeHul: 1 — HUXKHee 0CHOBAHUE; 2 — KOMMymupyrowuli caol;

3 —8epxHee 0CHOBaHUE

Fig.2. Single-level insert molding of the first (a) and second (b) generations: 1 - lower base; 2 - switching layer; 3 - upper base

>KeCTKHe UIH rHOKue KOMIIO3UTHI U T.[. B kauecTBe
>Ke OCHOBAHMI — TEPMOIUIACTUKH, oblafaronime pas-
JTUYHBIMHU ONTHUYECKMMH, 3/IeKTPUUECKUMH, Mexa-
HUYeCKHUMH U JPYTUMHU XapaKTePUCTUKAMHU, HJIH Ke
abCoNIIOTHO pa3Hble MaTepPUAJIbL.

CoBpeMeHHBIN yPOBeHb Pa3BUTHUS TeXHOJIOTUI
JIUTbS CO BCTABKOM I103BOJISIeT OCYIIeCTB/IATh QUHHUII-

HOe CIUIaBJIeHHe JOCTATOYHO TOHKHX KOPIIYCOB-OCHO-
BaHHUI (IIaHeJe), UCIIONb3Ysl BMeCTO CTAHAAPTHOMN
KOHCTPYKIIMOHHOI BCTaBKH TOTOBBIH INIOCKHUH QyHK-
LIMOHAJIBHBIN MOAY/b (pHC.26) C KOMMYTAaILlMOHHOM
CHUCTeMOH HJIM COOPOUHBIN MOAYJb, COCTOSIIIUE U3
06’beMHOI KOMMYTaLIMOHHOI CHCTeMBI U Pa3THUHBIX
KOMIIOHEHTOB (IPOBOLHUKOB, Pe3UCTOPOB, KOH/EHCA-

documents. Almost any mate-
rials - metal plates, various
polymers, rigid or flexible
composites, etc. - can be used
as the intermediate layer.
Thermoplastics that have
different optical, electrical,
mechanical and other char-
acteristics, or completely dif-
ferent materials are used as
bases.

Insert molding allows the
finishing fusion of thin pack-
ages-bases (panels), using as
standard structural insert
the flat functional mod-
ule (Fig.2b) with the switch-
ing system or the assembly,

consisting of three-dimen-

sional switching system and

different components (con-

ductors, resistors, capaci-

tors, LEDs, etc.), for example,

on the basis of the flexible

printed circuit board (Fig.3).
The advantages of insert

molding:

« low cost of equipment;

e the shortest production
cycle per unit of production;

- use of enclosures as a sub-
strate (circuit board) for the
TEU;

- ability to use structural and
functional modules as an
insert.

Disadvantages of insert
molding:

e limited range of materials;

e the inability to change the
configuration of the TEU in
the manufacturing process
(use of finished insert);

- restrictions of the configu-
ration for the non-thermo-
plastic bases (preparation
of vias, large alignment
errors for separate parts,
etc.);

« ability to produce TEU only
for the millimeter range
using ready modules. [

To be continued in the next issue
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Puc.3. MHozoyposHesoe Aumbe 8Mopozo NOKOAeHUSs! CO 8CMas-
Koli: a) nod20moeKka MHO20KOMNOHEHMHbIX 0cHosaHuli (1 u 2);
b) ycmanoexa 8cmasku, Hanpumep, cA0s1 NPOBOOHUKO8 C LUMblpe-
8bIMU 8EPMUKAAbHBIMU 8bl80damu (3); C) cnAdeeHLe KOMNOHeH-
moe ocHosaHus 8 npecc popme; d) 20mosoe k8azu-4D uzdeaue
Fig.3. Multi-level insert molding of the second generation: a)
preparation of multicomponent bases (1 and 2); b) inserting
(e.g., conductive layer with vertical pins) (3); ¢) melting of the
bases in a press form; d) quasi-4D product

TOPOB, CBETOIHOMOB U T.ZI.), HAIIpUMeP, Ha ba3e rub-

KOM ITeYyaTHOH IIJIaTh (PUC.3).

[TpenMyIIecTBa TeXHOJIOT MU JIUThSI CO BCTABKOM:

* JemleBH3Ha 000PyIOBaHHUS;

* CaMBIM KOPOTKHM IIPOHU3BOACTBEHHBIM LIUKJ Ha
eqUHULY IPOAYKIHH;

* HCIIO/Ib30BaHMe KOPIlyCa M3Me/Hs B KauecTBe I10A-
JIOKKHU (111aThl) gas TIY;

* BO3MOMKHOCTH MCIIO/Ib30BAHMS B KayeCTBe BCTaABKU
KaK KOHCTPYKIJMOHHBIX, TaK U GYHKIIMOHAIbHBIX
MOJLYJIEH.

HemocTaTKU JIMTHS CO BCTABKOM:

* OTPAaHHYEHHUS [0 THIAM MUCIOAb3yeMBIX
MaTepHaJsIoB;

* OTCYTCTBHE BO3MOKHOCTH MeHSTh KOHPUT'YPALIHIO
TOY B mpoiecce U3roToBiaeHUs (MCIIONb30BAHUE
TOTOBOY BCTABKH);

e OrpaHHUYEHHS 10 KOHQUTypal[UU He TepMOIIIa-
CTUYHBIX OCHOBAHUU ([IOATOTOBKA II€PeXOHBIX
OTBePCTHM, 3HAUHTe/lbHBble NMOTPEIIHOCTU IIPHU
COBMEIIeHUHU OTeIbHBIX YaCTeH 1 T.[I.);

e BO3MOXXHOCTh HU3TrOTOBJIeHUS TIY TOJIBKO MUJIIIH-
METPOBOrO JHala30Ha U3 TOTOBBIX MOJYJIEH.

ITpodonskeHue 8 caedytouem Homepe
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