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6 uoHA B HauumoHanbHOM wuccnepoBaTesibckoMm yHusepcutete "MUIT" coctosnca cemuHap,

NOCBSILLEHHbIA HOBOW SINOHCKOW TexHosormm minimal

Fab. O npepnocbiKax MosBAeHUS

3TOW KOHLenuuu, ee MNnpeumyllecTBax, TeKyLLeM COCTOSHMM paboT M nepcrnekTUBax MNpoekTa
pacckasan usobpetaTtenb minimal Fab a-p Wnpo Xapa 13 anoHckoro HauMoHaNbHOro UHCTUTYTA
nepenoBbiX MPOMbILWIEHHbIX HayK U TexHonorui AIST (National Institute of Advanced Industrial
Science and Technology). MaTepuanbl ceMuHapa [AOMOJIHAKT WM pa3BUBAOT Temy 6yayuiero
nosiynpoBOAHUKOBbIX MPOU3BOACTB, Ha4yaTylo B WHTEpPBbIO C A-pom Ll.Xapa, koTtopoe 6biio
ony6/JIMKOBAHO B NPOLLJIOM HOMepe Hawero XypHana (HAHOUHAYCTPUSA, 2017, N2 4(75), c. 6-12).
June 6, a seminar on the new Japanese minimal Fab technology was held at the National
Research University of Electronic Technology (MIET). The inventor of minimal Fab Dr. Shiro
Hara from the Japanese National Institute of Advanced Industrial Science and Technology
(AIST) told about the prerequisites for the development of this concept, its advantages,
current state of work and project prospects. This review supplements and develops the theme
of the future of semiconductor productions, begun in an interview with Dr. Sh.Hara, which
was published in the last issue of our journal (NANOINDUSTRY, 2017, No. 4 (75), p. 6-12).

inimal Fab - koHLlenI K cO3AaHUS OTYIIPO-

BOJLHKUKOBOI'O IIPOM3BO/CTBA, B OCHOBY KOTO-

PO JIeI/IH HUJeH O 3HAYMUTeJbHOM COKpalle-
HHUHU 3aTPaT Ha o6opymoBaHUe, MaTepHUasbl U IIPO-
neccel. [lng passutus minimal Fab npu nonnepskke
[IPaBUTE/NIbCTBA SIMIOHUHU CO3aH KOHCOPLILYM, B KOTO-
PBIH BOILIM BeAyliHe TeXHOJOTHMYecKHe KOMIAHUHU
CTPaHBI, B TOM UMCJIe 31 KpyIIHas Kopropauus 1 6oiee
140 cpefHUX M MaJIbIX IIpeIIIPUATHH.

NPEANOCHIIKK

[locnenHUe NeCATUIETHS OLHON U3 TeHIEeHIIUI pa3-
BUTHSI [IOJ1yITPOBOAHHUKOBOM ITPOMBIIIJIEHHOCTH OBLIO
yBeJIHMUYeHHe pa3Mepa IVIACTHH. B HacTosIee BpeMs
CTAaHJAPTOM JJIs1 KPYIIHBIX IIPeJIIPUSATHH SIBISIOTCS
IUIACTHUHBI AUaMeTpoM 300 MM, OLHAKO AabHeHIIee
yBelTHUYeHHe pa3Mepa MOAJIOKEK CTOIKHYIOCH C PSIIOM
npobneM. Cpeiu HUX — Pe3KUH POCT KAITHUTAJIOBIOXKE-
HUU, CHUKeHUe 3G GeKTUBHOCTH U POCT PHUCKOB IIPU
pa3paboTKe HOBBIX YCTPOHCTB. HccienoBaHUsI, IIPOBe-
IeHHble TPymnIon a-pa III.Xapsl, mokasaau, YTO B COB-
peMeHHBIX "Meradabax”, ABISIOUIUXCS CHMBOJIOM MPO-
rpecca B MUKPO3/TIeKTPOHHKE, 3arpy3Ka 060pyA0BAHU S
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coctaBisieT 10-50%, a Lo/ MMOJIe3HBIX 3aTpaT He IIpe-
Beimaer 10%. Ilpu sTom, mo 90% 3aTpaT Ha Ipoek-
TupoBaHHe HMC yXOQUT Ha HCIIpaBleHHe OMHUOOK.
TakuM 06pa3oM, TeXHONIOIMYeCKoe pa3BUTHE OTPaCIU
TOCTHUIJIO TOM CTafMH, KOIJa Ha3pesa HeobXoIMMOCTh
rmepexofa K IPHUHIIMIIMAIBPHO HOBBIM pelleHusaM. K
OIHHM M3 HUX MOXeT cTaTh minimal Fab.

MPUHLLAMNDI U NPEUMVYILECTBA

Jins moBbelIeHUS 5 OeKTUBHOCTH pPa3paboTKu
Y IIPOM3BOJCTBA MOy POBOJHUKOBEIX NPUOOPOB
Heo6X0muMO LO6UTHCS CYL[eCTBEHHOTO CHUKEHU S
CTOMMOCTH 060pyOBAaHUS U UHPPACTPYKTYPHI,
a TaK>Ke 3KCIUIYaTallMOHHBIX 3aTPaT IIPU OJLHOBpe-
MeHHOM IOBBIIIeHU U THOKOCTHU TeXHOTOTHYeCKHX
cucTeM. B kauecTBe pemreHus co3gaTteny minimal
Fab nmpennoskunu ymMeHBIIUTDH pa3Mep obpabarsl-
BaeMBbIX IIJIACTHUH Ha [Ba MOpsAKa - 1o 0,5 qrorma
(12,5 mM). bnaromaps 3ToMy yMeHbIIaloTCcs raba-
PUTH U CTOUMOCTb TEXHOJIOTHUYECKOT0o 060pymo-
BaHUS, obervyaercs ero obciy>kuBaHHUe, COKpa-
IMAIOTCS IPOU3BOACTBEHHBIE OTXOABI. ECJIH CTOU-
MOCTb KOMIIIEKCA TPAAHUIMOHHOT0 000pyAOBAHUS
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UOHANBHBIN
WCCNELAOBATENBCKUA
BEPCWTET

o maacTul 300 MM, o oneHKaMm A-pa II.Xapsl,
cocTaBasfeT okojao 5-10 mapn momna. CHIA, To cTo-
HMOCTb KoMIIJIeKTa minimal Fab c Toi sxe pyHK-
MUOHAJIPHOCTBIO He MPEeBBICUT 5-10 MJIH IOJII.
CIIA, To ecTb 6ymeT B 1000 pa3 MeHbIIe.

BTopoil Ba>KHOI HJAeeH, COCTaBUBIIEH OCHOBY
minimal Fab, cTtana nokanu3anus 4UCTON Cpefbl

BHYTPH obopymoBaHHUS. [IJg 3TOro maacTHHA
IoMeIlaeTcsl B repMeTHYHBIN KOHTelHHep, B KOTO-
POM TPAaHCIOPTHPYeTCS MeX/y TeXHOJoTHhue-
CKMMH OIlepallUsIMHU, a caMo 060pyLoBaHHE MOXET
3KCIIJIyaTHPOBAThCSl BHE YUCTBIX IIOMeIlleHH I, UTO
Pe3Ko yMeHbIIaeT 3aTPaThl HA IPOU3BOJACTBEHHYIO

HHOPaACTPYKTYPY.

inimal Fab is the concept

of semiconductor produc-

tion, which is based on
the idea of a significant reduc-
tion in costs for equipment,
materials and processes. For the
development of minimal Fab
with the support of the Japanese
government, a consortium has
been created, which includes
leading technology companies of
the country, including 31 large
corporations and more than 140
medium and small enterprises.

BACKGROUND
Over the past decades, one of the
trends in the development of the

semiconductor industry has been
the increase in the size of the
wafers. Currently, the standard
for large fabs are 300 mm wafers,
but a further increase in the size
of the substrates has encountered
a number of problems. Among
them are a sharp increase in cap-
ital investment, a decrease in
efficiency and increased risks in
the development of new devices.
Research conducted by Dr. Sh.
Hara's team showed that in mod-
ern megafabs, which are a sym-
bol of progress in microelec-
tronics, the rate of operation is
10-50%, and the share of use-
ful costs does not exceed 10%. At

the same time, up to 90% of the
design cost is spent on correcting
errors. Thus, the technological
development of the industry has
reached the stage when it is time
to move to fundamentally new
solutions. And minimal Fab can
be one of them.

PRINCIPLES AND ADVANTAGES

To increase the efficiency of the
development and production of
semiconductor devices, it is nec-
essary to achieve a significant
reduction in the cost of equipment
and infrastructure, as well as
operating costs while increasing
the flexibility of process systems.
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minimal Fab ompoBepraeT cI0oKHBIIHICS CTe-
PeOTHII, COracHO KOTOPOMY CHHM>KeHHe Pacxo-
I0B BO3MOXKHO TOJBKO IIPHU KpyImHOMAacCIITabHOM
poU3BOACTBe. ECIM B MPOIIJIOM MHUHKUMAJbHBIH
pasMep mapTuu npubopos, KOTOPYIO OBIIO Liese-
coobpa3HO 3aIlycKaTh B IIPOKM3BOACTBO, COCTABIISII
oKo0Jio 10 TBIC. IIT., TO B COBPeMeHHBIX 'Merada-
6ax", mo cioBaM A-pa II.Xapsl, oH gocTUT 100 THIC.
IT. B pe3ynbTarte, BEIBOJ, Ha PHIHOK HOBBIX pa3pabo-
TOK HeBePOSTHO YCJIOKHHUIICA M3-3a BBICOKMX 3aTpaT
Y pUCKOB. [Ipu ucrnons3oBaHuK minimal Fab sxoHo-
MHUYeCKH Lies1ecoobpas3Hbl MapTUH OT 100 U3IenuH,
a 3atpaThl Ha HHUOKP 1 KoMMepILiraaInu3a1H0 HOBBIX
IIPOAYKTOB U TeXHOJIOT U Pe3KO CHUKAIOTCS.

BaskHBIMHU IIpeuMyIecTBaMu minimal Fab sBs-
I0TCSI BBICOKHH K03 HUIIMEHT UCII0Ib30BaHU S 060-
PYHOBaHUS U COKpallleHHe BpeMeHH HU3TOTOBIeHHU S
npubopoB. B TpagUIIMOHHOM IIPOM3BOACTBE IIPHXO-
IOUTCS IOCTOSIHHO XAATh, II0Ka 060pyJ0BaHKE 0CBO-
bomuTCs. B pesynbTare, B IeHb KaKAasl MApTHS U3Jie-
JIUH IPOXOLUT B CpelHEM JIMIIb BA TEXHOIOTHYe-
CKHUX 3Tana. B minimal Fab moskeT peanu3oBeiBaThCs
okosio 30 mporeccoB B eHb. B Henmento minimal Fab
103BO/IsIeT 06pabaTeIBaTh 0KO/IO 10 THIC. IVIACTHH.

TEXHUYECKWE ACMEKTDI

KoHcopuuyMm 1o pasBuTuio minimal Fab paspaba-
TBIBaeT BeCh KOMILJIEKC HeOOXOAMMBIX TEXHHUUECKHX
pelleHHH, BKI04Yas obopysoBaHHe, TeXHOIOIUHU
Y MaTepHaJkl.

Cuctema minimal Fab cTpouTcs u3 Kommak-
THBIX TeXHOJIOTHYeCKUX MOJYJeH, BHIIIOJHEH-
HBIX B eIUHOM JH3alHe C O4UHAKOBHIM dopM-dpak-
TopoM (BBICcOTA - 1440 MM, IIKUPUHA - 294 MM, I1y-
6rHa - 450 MM). KaskIbIF MOAYIb CHAbkKeH CUCTeMO
3arpysku/Beirpy3ku PLAD (Particle Lock Air-tight
Docking system). O4KcTKa 3aTpys>KeHHOM IIJIAaCTHHBI
JTaMHUHapHBIM IIOTOKOM BO3JyXa I103BOJISIeT AOCTU-
raTh BHYTPH MOAY/IS Kiacca YUCTOTE ISO 4, Bpems
3arpy3Kku/BBHITPY3KH IJIACTUH - oKoyo 30 c. BHe
MalIMHBI [VIACTHHA HaXOJUTCSI B KOMIIAKTHOM Tep-
MeTHYHOM M HellpOHHIIaeMOoM /151 YO-u3nydeHUs
KoHTelMHepe minimal Shuttle. Mexxay TexHomOTHU-
YeCKMMHU MOZYJISIMU KOHTeHHep MOXXeT IepPeHO-
CUTBCSI BPYUHYIO HU/IH C IIOMOIIbI0 pOOOTHU3HPOBAH-
HOU CHUCTeMHL.

As a solution, the developers of
minimal Fab offered to reduce the
size of the processed wafers by
two orders of magnitude - down
to 0.5 inches (12.5 mm). This
reduces the dimensions and cost
of process equipment, facilitates
its maintenance, reduces produc-
tion waste. If the cost of a con-
ventional fab for 300 mm wafers
is estimated at about 5-10 billion
USD, then the cost of minimal
Fab with the same functionality
will not exceed 5-10 million USD,
that is, the difference will reach
1000 times.

The second important idea,
which formed the basis of
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minimal Fab, was the local-
ization of a clean environment
inside the equipment. To do this,
the wafer is placed in a sealed
container, in which it is trans-
ported between process opera-
tions, and the equipment itself
can be operated outside clean-
rooms, which drastically reduces
the costs of the production
infrastructure.

minimal Fab refutes the com-
mon stereotype, according to
which the cost reduction is pos-
sible only with large-scale pro-
duction. If in the past the min-
imum batch of devices, which
it was expedient to launch into

production, was about 10 thou-
sand pieces, then in modern
megafabs, according to Dr. Sh.
Hara, it reached 100 thousand
pieces. As a result, the launch of
new developments has become
incredibly complicated due to
high costs and risks. With the
use of minimal Fab, batches of
100 products are economically
viable, and the costs of R&D and
commercialization of new prod-
ucts and technologies are sharply
reduced.

Important advantages of min-
imal Fab are the high operating
ratio of equipment and the short-
ening of the manufacturing time
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[IoMHMO 3JeKTPOIUTAHUS, YCTAHOBKAM Tpe-
byeTcst TOMBKO IIOJa4da BO3AyXa U a30Ta, a TaKKe
BBITSKKA. XMMHUYeCKHe PeaKTHUBBL IOMeINaTCs
B MOZIY/IH B KOHTeMHepax. Pacxos peakKTUBOB O4YeHb
Maj, HallpuMep, Al CMBIBKH TpebyeTcs Bcero
0,5 cM3 KUIKOCTH.,

I[ImacTUHBL fHaMeTpoM 12,5 MM BBIPE3aIOTCs
Ja3epoM M3 IOAJIOKEK CTAHZAPTHOro pa3mepa. Ha
IJIACTHHEe UMeeTCsl He IIOKpbIBaeMasi GpoTopesu-
CTOM KpPOMKa IIHPHUHOH 0,28 MM KU KpaeBOH y4da-
CTOK MHUpHHOU 0,50 MM, Ha KOTOPOM TOJIIHHA
pe3ucTa HepaBHOMepHa. OcTajbHas IJIOMALb IJIa-
CTHHBI MOKeT HUCII0/Ib30BAThCS J/11 GOPMHPOBAHHUS
CTPYKTYP.

ITo coBam g-pa IlI.Xapsl, minimal Fab mo3Bonser
o6pabaTeIBaTh 0K0JIO 10 THIC. IIJIACTHH B HeJ IO,

Mogaynu minimal Fab MoryT ucnons3oBaTscs U B
KOMOMHAIMU C TPASULIUOHHBIM 060pyJOBaHUEM.
[Ipy rTu6pUHOM IIPOM3BOACTBE KOHTeNHep minimal
Shuttle mepeHocHuTCa B YHCTOE MOMelleHHe, TaM
IJIAaCTHHA MOMeIlaeTCs B CIel[HaIbHBIH JepKa-
Telb, KOTOPBIH I103BOJIseT 06pabaThIBaTh ee B 06BIU-
HBIX YCTAaHOBKaX.

NEPCMEKTUBDI

IToxa g minimal Fab moctynHbl He Bce Heo6Xomu-
Mble TeXHOJIOTHYeCKHe MOAY/IH, B YaCTHOCTH, LI
nurtorpadum paspaboTaH TOJBKO MOALYIb Ha base
cuctemsl DLP, KoTopas HpUrOAHA I/ TOIIOJIOrHYe-
CKHUX HOPpM BeilIe 500 HM. OgHAKO BCKOpe ee IIjIa-
HHPYeTCs YCOBepLIeHCTBOBATh, LJOCTUIHYB pas-
pemeHus 350 HM. B momonHeHHe, Ha 6ase yxke

KM MeIOIIerocs MoAylsl CKAHUPYIOIlell 31eKTPOHHON
MHUKPOCKOIIUHU pa3pabaTeiBaeTCsi CHCTeMa 37IeK-
TPOHHO-JIy4eBOU JTHUTOrpadHuM C paspelleHHEM
100 HM, KOTOpOe B lajibHerIeM byeT yl1ydInaThCs.

BosmosxkHocTH minimal Fab mocTosiHHO pacmu-
psaoTca. B 2012 romy ¢ mpuMeHeHHeM minimal
Fab B cocTtaBe rubpugHOr0o KOMIIJIeKCa GBI H3ro0-
TOBJIEH KaHTesneBep, B 2013 roay Ha minimal
Fab 6bin1um monydyeHsl PMOS-CTPYKTYpH,
B 2015 rogy - CMOS-CTPYKTyphl U KOJBbLIeBOU
OCLIMJLIATOP, B 2016 rogy - mpubop B Kopmyce BCA.
B 2016 roagy Opou3BOACTBO 3JIeKTPOHHBIX KOMIIO-
HeHTOB JeMOHCTPHUPOBAJIOCh B pea/ibHOM BpeMeHHU
Ha BrIcTaBKe SEMICON Japan.

J-p III.Xapa 0OTMeTHJI, YTO eC/H B 20 BeKe TeH/IeH-
LHUSIMH B MUKPO3TeKTPOHHKe OBIIN yBelHUYeHHe
MacmTaboB MPOMU3BOACTBA, POCT pa3peiBa MeXAY
HHOKP ¥ mpoMBIIIJIEHHBIM BHeJPeHHEM, TO Teleph
TeHJeHIIHeH CTAaHOBUTCS KaCTOMK3a1 M sl IPOAYKTOB
U CHH>KeHHUe pa3peiBa meskay HHUOKP v Ipor3BOACT-
BOM. DTH IIPOLIECCHI CBA3aHEI C PAa3BUTHEM JIOKAJIb~
Horo rotpebnenus, u minimal Fab sBnseTcs ontu-
MaJIPHBIM pellleHHeM HOBBIX 3afau. Pa3pabouuku
minimal Fab mporuosupyor, 4To B 6yaymem pslHOK
OyneT monesieH IPUMePHO IIOPOBHY MEXK/AY CHCTe-
MaMH A/ IJIaCTHH pa3sMepoM okoso 0,5 gouMa
M 151 12-TI0MMOBBIX IIJIACTHH.

Hayano KOMMepYeCKOTO MCHOJb30BaHUSA
minimal Fab - Bompoc 6nuskanmero BpeMeHH,
IIpUYeM He UCKII0UeHO, UTO IIePBBIN MaCIITAOHBIH
poeKT OyneT peanr3oBaH B Poccuu (CcM. HOBOCTh
Ha C. 24). [

of devices. In conventional pro-
duction, you must to wait until
the equipment is available. As
a result, each batch of products
passes on average only two pro-
cess stages per day. In mini-
mal Fab, about 30 processes per
day can be implemented. In
the week, minimal Fab allows
processing about 10 thousand
wafers.

TECHNICAL ASPECTS

The minimal Fab development
association is developing the
full range of necessary technical
solutions, including equipment,
technologies and materials.

The minimal Fab system con-
sists of compact process units
made in the same design with
the same form factor (height -
1440 mm, width - 294 mm,
depth - 450 mm). Each unit is
equipped with the Particle Lock
Air-tight Docking system (PLAD).
The cleaning of the loaded
wafer using a laminar flow of
air makes it possible to achieve
within the unit the ISO class 4 of
cleanness. Loading / unloading
time is about 30 seconds. Outside
the machine, the wafer is in a
compact, sealed and impervious
to UV radiation minimal Shuttle
container. The container can be

transported between the process
units manually or by means of a
robotic system.

In addition to power supply,
the machines require only air
and nitrogen supply, as well as
exhaust ventilation. Chemical
reagents are placed in contain-
ers. Reagents consumption is very
small, for example, only 0.5 cm3
of liquid is required for washing.

12.5 mm wafers are cut out by
the laser from substrates of the
standard size. The wafer has an
edge not covered by the photore-
sist with a width of 0.28 mm and
an edge area of 0.50 mm wide, on
which the thickness of the resist
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"PbIHKW - NPOAYKLIUA - TEXHO/IOT MW" -
CTPATEMMYECKAS CECCMA CNPEACTABUTENAMU HTU

12 Mions B 3eneHOrpajie CocToAN0Ch 3aCeaHMe Hay4HO-NPaKTUYECKON KOHGEpeHLN
"PblHKV — TTpogyKuws — TeXHONOMMK', NOCBSILEHHOE BONPOCAM MHTErpaLu ek~
TPOHHOW KOMMOHEHTHOW 6a3bl B MEpCreKTMBHbIE MPOAYKTbI HaLMOHAbHOM TeXHO-
JIOTMYECKor MHrLmaTuebl (HTW).

OpraHu3aTopamy KoHdepeHLK BbiCTynuna “Kopnopauvs passuTiS eneHorpaza’
npyu y4acTu "AreHTCTBA CTpaTeruyeckX MHMLMATVB" W “"POCCMACKON BEHYyp-
HOM KoMMaHu'. Cpean NpUIMALEHHbIX Y4aCTHUKOB BbiIv Taloke NMpeacTaBuTeny
JlenapTameHTa HayKi1, NPOMBbILLAEHHON MOAUTIKY U NPEANPUHAMATENLCTBA . MOCKBbI
1 [lenaprameHTa MHPOPMALMOHHLIX Pecypcos I. MockBbl. AHAJIOTMYHbIE BCTpeuM
110 OTPAC/IeBbIM HAMPaB/eHNAM byyT MPOXOAUTD B TEHEHNE HECKONbKIX MEeCsLIEB AN
BbIPbOTKY BEKTOPA TEXHOMOrMYECKOro pasBUTIS B PaMKaX PbIHOYHLIX MepCnekTuB
TEXHOMOTNA 11 BO3MOXHOCTEN 3eN1eHOrPaACKIX NPEANPUATHA.

Y4aCTHUKY KOHdEPEHLIMIM 0BCYAMN TEHAEHLMN MUPOBOW HayKit 1 3KOHOMUKH,
TeXHONOru4eckme Bbi30Bbl 1 BKHEMLUME MPUOPUTETbI FOCYAAPCTBEHHOM NOMUTUKN
Poccun, BO3MOXHOCTU CO3AaHNS "LMGPOBOA SKOHOMMUKN', OPUEHTUPOBAHHON He
TONbKO Ha BHYTPEHHMUIA, HO 1 HA BHELIHIM PbIHOK.

OZHMM 13 KII0YeBbIX KpUTEPUEB BbIGOpa OTPACNeBbIX PbIHKOB SBASETCA WX
OXA3eMbli 06beM, KOTOpbIA BOMKEH COCTaBUTb He MeHee 100 mapg. gonn. CLIA
K 2035 rogy. HemanoBxHbIMY GaKTopamy HbIM MPU3HAHbI NPUOPUTET PbIHKOB B2C
Hap, B2B 1 BO3MOXHOCTb WX POCTa Ha 6a3e KOMMbIOTEPHBIX CETeM, Iae MOCPeSHNKM
BYBYT BLITECHSTLCS YPABASIOLLIM NPOTPaMMHbIM 06eCrieyeHneM.

B KayectBe MUMALLIEHHOrO CUKepa OT KOMMaHW MUKPOINEKTPOHNKY, YKe
PENM3YIOLVMX  MHHOBALMOHHDIE MPOEKTbI, BLICTYMWA TeHEepa/IbHLIA  MPEeKTOp

3e1eHOrPaaCKkoro  HAHOTEXHONOrMYeckoro  Lientpa A.KoBanes, npefcTasuBLUMiA
KkomneTeHuuu 3HTL, B 06nacTu paspaboTku W MPOM3BOACTBA CUCTEM YMpaB/eHus
1 MMC-AaT4mKoB NSt FPXKAAHCKOM JNEKTPOHMKM B CBETE PacLUMPeHis ee pbiHKOB
("yMHble" MalWMHLI, MPOMABTOMATUKA, dHeprocbeperaiowme cucTembl). "MIMC
CeHcopbl 1 cucTeMbl 06paboTkv MHdopMaLVK SBASIOTCA 623080 NAATGOPMON pas-
BUTUA "WHTepHeTa Bewwew" (IoT), — oTMeTin A.KoBasieB. — Ha 6a3e 37eKTPOHHbIX KOM-
MOHEHTOB BLICTPAVBAIOTCA MOC/IEAYIOLLVE MPOYKTOBbIE MOYAM 1 NONb30BATENLCKYE
petweHns. PbIHOK npuMeHeHns MIMC Wupok: OT UCMonb3oBaHms B becrnnoTHoM
HaBMrauyy TPaHCMOpTa, CUCTEMaX NPOMBILLIEHHON aBTOMATM3aLMK W MOCTPOEHMS
undpobiX Gabpuk bypywero 4o buomeauuMHDLI. TakuM 06pa3oM, COBpeMeHHast
MUKPO- 11 HAHO3NEKTPOHKA SBNSETCS 6330/ Pa3BUTS BCEI annapaTypbl pacTyLLX
PbIHKOB".

VHTerpauns 3neKTPOHHbLIX KOMMOHEHTOB BOCTpe6oBaHa MPaKTUHEckV Mo BCem
Pa3BMBAIOLLMMCS TEXHONOrVYECKIM HANPaBAEHUAM, 1 1O CYTI CYXUT NAATGOPMON,
0becrneynBaiolLen KOMNOHeHTamn Bce pbiHki HTW. 310 He Tonbko MIMC-ceHcope,
HO 1 MuKponpoveccopbl, RFID, Moaynv namsti, CBY-3n1eKTpoHMKa 1 M.

Ha cerogHswHWA feHb 3HTLL yxe peanvsyer psp MPOEKTOB MO NMporpamme
“PassuTie HTW" 1 GopmupyeT HoBble MPOEKTI.

B 3aBeplieHve nneHapHoi YacTh Bbin0 MPUHATO pelleHue ChOpMUpOBaTL
OTAE/bHOE HaMpaB/eHue NO UHTErpaLi ANEKTPOHHBIX KOMMOHEHTOB B MPOrPaMMbI
HTW, a Taioke 06cyxaan1ch nepcnekTUBbLl UCoNb30BaHNS 3eN1eHOrpaja B KauecTse
MPOM3BOACTBEHHOM 3KOCPEAbI A1 COBPEMEHHON “LiudPOBOI IKOHOMMKM'".

3HTY

is uneven. The remaining area
of the wafer can be used to form
structures.

According to Dr. Sh. Hara,
minimal Fab allows to process
about 10 thousand wafers a week.

minimal Fab can also be used
in combination with traditional
equipment. In hybrid produc-
tion, the minimal Shuttle con-
tainer is transferred to a clean
room, where the wafer is placed
into a special holder, which
allows it to be processed in con-
ventional machines.

PROSPECTS

At present, not all the necessary
process units are available for
minimal Fab, in particular, only
the DLP-based unit is developed
for maskless lithography, which
is suitable for design rules above
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500 nm. However, it is planned
to improve DLP, reaching a reso-
lution of 350 nm. In addition, an
electron-beam lithography with
a resolution of 100 nm is being
developed on the basis of the
already available scanning elec-
tron microscopy system, which
will be further improved.

The capabilities of minimal
Fab are constantly expanding.
In 2012, cantilever was manufac-
tured in hybrid mode, in 2013,
PMOS structures were obtained
using only minimal Fab, in
2015 - CMOS structures and a
ring oscillator, in 2016 - a device
in the BCA package. In 2016, the
production of electronic compo-
nents was demonstrated in real
time at SEMICON Japan.

Dr. Sh. Hara noted that if in
the 20th century the trends in

microelectronics were associ-
ated with the increase in pro-
duction scale and the growing
gap between R&D and industrial
implementation, now the trend is
product customization and a nar-
rowing of the gap between R&D
and production. These processes
are associated with the develop-
ment of local consumption, and
minimal Fab is the optimal solu-
tion to new problems. minimal
Fab developers predict that in the
future, the market will be divided
roughly equally between the sys-
tems for 0.5 inches wafers and for
12-inch wafers.

The beginning of commercial
use of minimal Fab is a matter of
the near future, and it is possible
that the first large-scale project
will be implemented in Russia
(see page 24). |



