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ObOPYAOBAHUE A1 CUHTE3A
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TexHonorus aToMmHo-cnoeBoro ocaxgaeHus (ACO) 6bina 3anateHToBaHa B 1974 roay B OUHASHAUM
JOKTOopoM Tyomo CyHTONA. B HacTosiwee BpemMss MHOXECTBO KOMMaHUA NMpou3BOASAT 060pyaoBaHue,
peanusyiowee npuHumnbl ACO, HO TeXHOJIOrMYeckoe IMAEepCTBO MPUHAAJEXUT KOMMaHuM Picosun,
B KoTopoi T.CyHTONa SBNSeTCS UAeNHbIM BAOXHOBUTEIEM U Y/1IEHOM COBETa AUPEeKTOPOB.

Atomic layer deposition (ALD) was patented in 1974 in Finland by Dr. Tuomo Suntola.
Currently many companies are manufacturing equipment that implements the principles of
ALD, but technological leadership belongs to the Picosun company, in which T.Suntola is the
mastermind and member of the board of directors.

aspaboTku B obnacTu ACO UMeIOT AIUTENbHYIO

HCTOPHIO, HayrHag ¢ 1950-X rogos, Korga BIlep-

Bble ITaHHBIM MeToJ 6bl1 yIIOMSIHYT B paboTax
npod. B.b.AneckoBckoro (CCCP). B 1974 romy TexHOJIO-
rus ACO 6bli1a 3amaTeHToBaHa B PUHISHIUU LOK-
TopoM Tyomo CYyHTOJION, AJIUTEIbHOE BpeMS 3aHU-
maBmuMca HUOKPaMu B JaHHOM HaIlpaB/IeHUH.
Ha cerogHAMHUN JeHb CPeld MHOXeCTBA IIPOH3BO-
nuTenen obopynoBaHus A ACO TexHOIOIHYecKkoe
NTUJePCTBO IPUHAJIeXKUT KOMIIAaHUHU Picosun, B KOTO-
pout T.CyHTona SBJISIeTCS UAEHNHBIM BIOXHOBHUTEIEM
M YJIEHOM COBeTa JUPeKTOPoB. CBeH JIMHADOPC, TeXHU-
YeCKUM UPEKTOp KOMIIAHUHU, Ha IIPOTSKeHUH boree
40 et 3aHUMaeTcs pazpaboTkamu obopynoBaHus ACO
ISl Pa3TUYHBIX IPHMeHeHH . OIPOMHBIH OIBIT Hay4-
HOT'O KOJIJIEKTHBA B 3TOM 00/1aCTH U IIOCTOSIHHBIE YCH-
JIMS T10 YCOBEPIIEHCTBOBAHUIO TeXHOJIOI MU I103BOJISIOT
Picosun ynepsKUBaTh BedyIllHe MO3ULIHH. KoMIIaHUS
Picosun - mpuMep TOro, UTO Hay4YHble H3bICKAHHSI MOT'YT
Y IOJIKHBI IIPUBOAMTD K YCIIEXY, KOI/la B IIPaKTHYECKOM
IIPUMeHeHHH UX Pe3y/IbTaTOB 3aMHTePeCOBAHO MHOKe-
CTBO OTpac/ler IPOMBIIIJIEHHOCTH I10 BCEMY MHUDY.

TEXHOJIOTUA

B ocHoBe ACO J1esKMT IIPUHIHII CAMOHACHIIIEHH,
COTJIaCHO KOTOPOMY aTOMBI HMJIM MOJIEKYJIBL OIlpefe-
JIeHHOro THIa (THII A) pearupyioT Ha IIOBePXHOCTH

H3JeNUM C aToMaMU (MOJIeKy/lIaMH) IIpeblAyIIero
c/os (TUII B), paBHOMEPHO ITOKPBIBASI BCIO [IOBEPXHOCTb
OTHOPOJHBIM C/I0€M TOJIIIMHOM IIOPSIAKA aHTCTPeMa.
IToce 3TOro M36BITOK YACTHILL TUIA A U MPOAYKTHI
PeakL KU yoasoTCs IPOAYBKOM a30TOM H/IK aproHOM

Puc.1. COM-u3obparkeHue 00HOpodHoU naeHku ACO, cuHme-
3UpPOBAHHOU HA NOBEPXHOCMU MUKPOCMOABUKA CAOXKHOU 20+
mempuuyeckol popmbl (pomo — Fraunhofer IMS, lfepmarus)
Fig.1. SEM-image of a homogeneous ALD film synthesized on
the surface of micro-pillar of complex geometric shapes (photo:
Fraunhofer IMS, Germany)

KomnaHus Picosun (PuHnaHamnsa) /
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13 KaMepbl, YTO [I03BOJIsIeT IPeJOTBPATUTh Iapa-
3UTHBIe" XUMHUYeCKHe peakKliuK. MojeKybl Cleny-
Iollero caos (TUI B) pearupyioT TOJIBKO C MOJIEKY-
JMaMU TUIA A, U TaKXe afcopbupyoTcs Ha IIOBepX-
HOCTH OJJHHUM CJIOEM, I10CJIe Yero BHOBbL IIPOHM3BO-
AUTCS MPOAYBKa KaMephl. Jlajsee IMKJI IOBTOPSI-
eTCsl MHOTOKPATHO JI0 IOCTHKeHHU s TpebyeMolt ToJl-
IIMHB IVIeHKKM. MMeHHO UK/JIUYHBIH UMIIYIbC-
HBIM HaIlyCK U yAaJeHHe pabodnx ra3os sBIsSeTCS

Tabauua 1. CpasHeHue ACO ¢ Opyzumu mexHoA02USMU CUHME3da NAeHOK
Table1. Comparison of ALD with other thin film deposition technologies

rinaBHBIM oTau4dyreM ACO oT MeTola XHMUUYECKOro
OCasKOeHHS 13 razoBou dpassl (XOI'D), B IPOTHBOIIO-
o>KHOCTh ACO, B XOI'® peaKIIMOHHEIE Ta3bl HAXO-
IOsiTcst B paboder KaMepe OfHOBPeMEHHO B TeUeHHe
3HAUHTeJbHOIO BpeMeHHU (10 OeCSTKOB MHUHYT).
CaMoorpaHH4YeHHe MOBEPXHOCTHBIX PeaKILHU
B npouecce ACO fmenaeT BO3MOKHBIM BblpalllBa-
HHe TOHKHUX IIJICHOK C YIIpaBIeHHUeM OCaKAeHHU Ha
yPOBHE aTOMHEIX CJIOEB.

KOV TemMnepaType
Deposition at low

OT npovecca
Depends on the

3aBMCUT OT NpoLecca
Depends on the
process

OT npovecca
Depends on the

OT npouecca
Depends on the

Monekynapto- Xumn:eckoe MarHeTpoHHoe TepMuyeckoe
TEGET ny4ykoBas ocaxpaeHue ENT
p P eHue ncnapeHuve
HL 3nuTakcus u3 rasosou ¢pasbl
Characteristic ~ : Magnetron Thermal
Molecular-beam Chemical vapor SBUtLaEin evanoration
epitaxy deposition P 9 P
?ﬁﬁﬁggm”b [lpeBocxogHas | Xopoluas Xopoluas [Mprnemnemas [Mpuemnemas
Thickness uniformity Excellent Good Good Satisfactory Satisfactory
[M10THOCTb NIeHKN XopoLuas Xopovuas Xopovuas [Mpuemnemas Xopotuas
Film density Good Good Good Satisfactory Good
HenonHoe HenonHoe
chOKnpeﬂzze LS gglf ngsme 3DaeBVéCnVéTS %ané[?]zuecca NnoKpbITUE noKpbITUE HenosiHoe nokpbITHe
St\e! < coverage Fullréovera o ropcess Incomplete Incomplete Incomplete coverage
P 9 9 P coverage coverage
ALre3ns nieHku 3aBUCUT OT npoLecca 3aBUCUT OT npoLecca
K 34enuto )G(g[é(éu.laﬂ Depends on the |;|(J)'I(())rxaﬂ Eggrxag Depends on the
Film adhesion process process
OcaxaeHue npy HU3- | 3aBUCUT 3aBuUCUT 3aBUCUT

3aBMCUT OT NpoLecca
Depends on the
process

Industrial applicability

temperature process process process

3aBUCUT
CKOpOCTb OCaXAeHMa | OT npolecca Xopoulas Xopouias Xopoluas Xopoulas
Deposition rate Depends onthe | Good Good Good Good

process
MpumeHeHne
B MPOMbILLIEHHbIX Mcnonb3yeTcs Mcnonb3yeTca Mcnonb3yeTca Mcnonb3yeTtcs Pefko ncnonb3yeTcs
mMactabax Useable Useable Useable Useable Rarely used

evelopments in the field of

ALD have a long history,

starting from 1950-ies, when
for the first time this method
has been mentioned in the works
of professor V.B.Aleskovsky
(USSR). In 1974 ALD has been pat-
ented in Finland by Dr. Tuomo
Suntola, which for a long time
was engaged in R&D in this field.
Today, among the many manu-
facturers of ALD equipment the
technological leadership belongs

to the Picosun company, in which
T.Suntola is the mastermind and
member of the board of directors.
Technical director, Sven Lindfors
has more than 40 years of experi-
ence in development of ALD equip-
ment for various applications. The
vast experience of the research
team in this area and continued
efforts to improve the technology
allow Picosun to retain that posi-
tion. Picosun is an example of
what scientific research can and

must lead to success, when practi-
cal application of their results will
benefit many industries around
the world.

TECHNOLOGY

The basis of the ALD is the prin-
ciple of saturation, according to
which the atoms or molecules of a
certain type (type A) react on pro-
cessed surface with atoms (mol-
ecules) of the previous layer (type
B), evenly covering the entire
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Puc.2. Mpumepbl npumeHeHus mexHonoz2uu ACO: Kaccema ¢
300-mMm naacmuHamu 0Ast npou3eo0cmeaad pa3AuYHbIX uzdeaul
MUKpO3AeKmpoHuKu (a), npoussodcmeo ceemoduodos (b), 2u6-
Kol neuamHoti 3nekmpoHuKu (c)

Fig.2. Examples of ALD applications: cassette with 300 mm
wafers for the production of various microelectronics products (a),
the production of LEDs (b), flexible printed electronics (c)

Temmeparypa mnpouecca ACO 3aBHCHUT OT
MaTepHasa oCaskIaeMoM IIJIeHKH, U O Haubosiee
4aCcTo IpPUMeHsIeMbIX Ha IIPaKTHKe IIPOLeCCOB HaX0-

OUTCS B nuarasoHe ot 200 1o 400°C. IIpu KMCII0/Ib30Ba~
HUHU IIJIa3MeHHOU CTUMY/ISILIMH BO MHOTHX C/Iy4dasx
yAaeTcst AOCTUYb CHHUXKeHU S pabodyux TeMIlepaTyp

70 3HaYeHUH, 6TM3KUX K KOMHATHBIM, YTO 0COBeHHO

Ba’KHO /IS U3[e/THUM, KPUTHUYECKH YyBCTBUTEIBHEIX

K HaTrpeBy.

TaxuMm obpasom, TexHonorust ACO xapaKTepH3y-
eTCs CeyoIMMHA OCHOBHBIMHU JOCTOMHCTBAMMU
* IPeUH3MOHHBIM KOHTPOJIEM TOJNIIHHBI K IIpoLiecca

pocTa IIJIeHOK;

* IIPeBOCXOMHOU KOHOOPMHOCTEIO M OHOPOLHOCTHIO;

* OTCYTCTBHEM MUKPOIIOP U AepeKTOB;

* IIpeBOCXOJHOH BOCIIPOM3BOLMOCTBIO POCTA IIJIEHOK
KaK OT IUVIACTUHBI K IIJIACTUHE, TaK U MeXIYy Kacce-
TaMHU C IIJTACTUHAMU,

* OTHOCUTEJIBHO HU3KHMHU TeMIIEPATyPaMHU IIPOLIeCCOB.
O6paTHOI CTOPOHOM HEOCIIOPHMBIX JOCTOMHCTB

ABJISI€TCH HU3Kasd CKOPOCTh ocakaeHU . Kak cien-

CTBME, B IPUKJIAJAHBIX 3aa4yaX TOMIIKMHA II0yYae-

MBIX IVIEHOK PefKo mpespiinaeT 50-100 HM.

Jpyrue MeToAbl OCaKAeHM I TOHKHX IIJIEHOK, B YaCT-
HOCTH, MarHeTPOHHOe pacnbslieHHe U XOI'D, He obna-
JAIOT [T006HOM TOUHOCTBIO0 KOHTPOJIS POCTa (CM. Tab.1).
KpoMme Toro, obImMUM HEZOCTATKOM METOOB pH3HUe-
CKOT0 ocask/ieHHsI, Oylb TO MarHeTPOHHOe HaIlblIeHHUE,
3JIEKTPOHHOJIy4YeBOe MM TePpMUYECKOoe HCIIapeHue,
SIBJISIETCS CJIOKHOCTD, a B pAJe C/TydaeB ~ IpaKTHYecKas
HEeBO3MOKHOCTB ITOJTyYeHH I OLHOPOJHOIO IIOKPEITHS Ha
CTPYKTYPax CJIO’KHOH GOpMBI. [IOTOK YaCTHLL OT KCTOY-
HHKa K II0/IJIOKKe B 9TUX MeTolaX UMeeT JTUHEHHYIO
HaIlpaB/IeHHOCTb, II03TOMY, €C/IH YIOJI TafeHK s OTHOCH-
TeJIbHO HOPMaJIt II0BEPXHOCTH MEHSETCS OYeHb 3HaYH-

surface with a uniform layer
thickness of the order of ang-
strom. After this, the excess par-
ticles of type A and the reaction
products are removed by purg-
ing with nitrogen or argon from
the chamber to prevent parasitic
chemical reactions. Molecules
of the next layer (type B) react
only with molecules of type A,
and also are adsorbed on the sur-
face after which the camera is
purged again. Then the cycle is
repeated many times to achieve
the required film thickness. A
cyclical gas puffing and freeing is
the main difference between ALD
and the chemical vapor deposition
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(CVD). In contrast to ALD, in CVD
reactive gases are located in the
working chamber simultaneously
for a considerable time (up to tens
of minutes). The limitation of the
surface reactions in ALD makes it
possible to growth thin films with
controlled deposition at the level
of atomic layers.

The ALD temperature depends
on the material of the deposited
film, and for the most frequently
used in practice processes is in
the range from 200 to 400°C. With
plasma enhancing in many cases
it is possible to reduce operating
temperatures up to values close
to the room, which is especially

important for products that are

critically sensitive to heat.

Thus, ALD has the following
main advantages:

« precise control of thickness and
of film growth;

« excellent conformability and
uniformity;

+ the absence of micropores and
defects;

« excellent reproducibility of film
growth from plate to plate, and
between the cassettes with the
walfers;

« relatively low temperature of
processes.

The reverse side of indisputable
advantages is the low deposition



NANOTECHNOLOGY. COATINGS

TeJIbHO, TO HEKOTOPbIe yYaCTKH OKa3bIBAIOTCS 3aTeHEH-

HBIMHU. [IppMepaMU TaKHX CJI0KHBIX IIOBEPXHOCTeH

ABIAOTCI MOMC, HEKOTOPbIE H3/Ie/TH I MUKPO3JIEKTPO-

HUKH U 3D-cTpykTypsl THna TSV (through-silicon via).

HMIMeHHO AJ15 UX IIPOU3BOACTBA TexHoorusa ACO cTana

OZLHOM M3 KJIIOUeBbIX, II0OCKOJIbKY I103BOJIsIeT HAHOCHUTD

OJHOPOAHOE IIOKPBITHE Ha CTeHKHM MHUKPOKAHABOK CO

CBEPXBBICOKMM aCIeKTHBIM OTHOIIeHHeM (BK/Io4Yas

CTyIleHbKH), B CKBO3HBIX OTBePCTHSIX U T.J,. (puc.1).
IlepeueHb MaTepHaJIOB, KOTOPbIe MOI'YT OCa’KAAThCS

C UCIIOJIb30BaHHEeM TexHojmoruu ACO, JOCTATOYHO

HMIMPOK: JU3TeKTPUKU (OKCHUIBI, HUTPUABL U T.A.);

MOJyIIPOBOAHUKU (TUIIEL A2B®, A3B®); TpoliHEbIe coe-

nuHeHus (SrTiO;, BaTiO; u Hp.), MeTaJl/Ibl, BK/I0Yas

pyTeHHH, Meib, cepebpo, 30/10TO, NaIaAHUN U UPH-

U,
OcHOBHBIE 06/1aCTH INpUMeHeHHUs IIeHOK ACO

(puc.2):

* Ppasnu4HbIe CJI0U AJ11 MOMC-CTPYKTYD;

* CTPYKTYPBI, UCIIOJb3yeMbIe B IIPOM3BOACTBE II0JIY-
IIPOBOJHUKOBBIX ITpH60pPOB 1 UC;

* IIpOBOAsIIMeE CJIOU B TSV-CTPYyKTypax;

* CJIOM JIJISI OITUYeCKUX YCTPOMCTB U eKOPaTHBHEIe
[IOKPBITH A,

* (JIOM, IPEATCTBYIONIMe MeXaHHUYeCKOMY M3HOCY
M XMMHUYeCKOMY BO3[eMCTBUIO, TUAPOOOHBIE
K TUIPOPUIIbHEIE IIOKPBITUS,

* CHMHTe3 KaTa/IM3aTOPOB M OCa’kKJAeHHe IIJIEHOK Ha
HaHOYaCTULIBL,

 610COBMeCTHMBbIe IOKPBITHUS;

* IIacCHBaLMsS Pa3/JIMYHBIX MaTepHaJIOB (CONMHEUHbIe
37IeMeHTBI, 3all[MTa OT IOTYCKHEeHH I 1 [Ipoyee).

Puc.3. O6opydosaHue PICOSUN R-cepuu
Fig.3. PICOSUN R-series ALD tool

OBOPYAOBAHME

Kommnanus Picosun BelmyckaeT obopynoBaHue ACO

KaK /I Hay4YHBIX HUCCIEJOBAHUHN U HeOONBIIMX

MHJIOTHBIX IIPOU3BOACTB (R-cepusi), Tak U s IIPo-

MBIIIIJIEHHBIX npnmeHeHHﬁ (R-Prou P-CepI/IH).
R-cepus obopynoBaHuUs (puc.3) M03BOJSIET IOy~

4aTh maeHKH ACO BbICOYaMIIero KadecTBa C IIpe-

rate. As a consequence, in prac-
tical applications the thickness
of the film rarely exceeds 50-100
nm.

Other methods of thin film
deposition, in particular mag-
netron sputtering and CVD, do
not allow such precise control of
growth (see tab.1). In addition, a
common drawback of the physi-
cal deposition, whether magne-
tron sputtering, electron-beam or
thermal evaporation, is the com-
plexity, and in some cases prac-
tical impossibility of obtaining a
uniform coating on structures of
complex shape. The particles flow
from the source to the substrate in

these methods is linear, so, if the
angle of incidence against surface
normal changes very much, some
areas are shaded. Examples of
such complex surfaces are MEMS,
some microelectronic devices and
TSV-structures (through-silicon
via). For their production ALD
became one of the key technol-
ogies because it allows to grow
a uniform film on the walls of
micro-grooves with ultra-high
aspect ratio (including steps), cut-
ting holes, etc. (fig.1).

The list of materials that can
be deposited using ALD is quite
wide: dielectrics (oxides, nitrides,
etc.); semiconductors (A2BS,

A3B%); ternary compounds (StTiO;,

BaTiO;, etc.); metals, including

ruthenium, copper, silver, gold,

palladium and iridium.
Main applications of ALD-films

(f1g 2) are the following:
different layers for MEMS;

« structures used in manufactur-
ing of semiconductor devices
and IC;

« the conductive layers in the TSV
structures;

« layers for optical devices and
decorative coatings;

« layers, preventing mechanical
wear and chemical influences,
hydrophobic and hydrophilic
coatings;

#7/61/2015 NANO INDUSTRY
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Puc.4. ObopydosaHue PICOSUN R-cepuu ¢ UHmMe2pupo8aHHbim
nep4yamoYHblm 60KcoM
Fig.4. PICOSUN R-series ALD tool with integrated glove box

BOCXOJJHOKM O HOPOAHOCTBIO la’ke Ha IIOBePXHOCTHU
CJIOKHEMIIUX CTPYKTYP C IIOPAaMH K CBePXBBICOKUM
aCIeKTHBIM OTHOIIEHHEM, a Takke Ha HAHOYaCTH-
Lax 4 Ha rubkux obpasuax NpH pyJOHHOH Iofade.
BBICOKOQYHKIIMOHA/IPHBIE 1 JIeTKO3aMeHsileMble HCTOY-
HUKH PeareHTOB /IS SKUKOCTHBIX, Fa3006pa3HbIX U
TBEP/BIX IPEKYPCOPOB AAI0T BO3MOKHOCTD HAIbLISATh
IJIEHKH Pa3/IMYHbIX MaTepHasIoB 6e3 IOCTIIPOLeCCHBIX
YaCTHUL Ha pa3Hble MOAJIOKKH, TPeXMepHBbIe 06beKThI
Y Ha IJIACTHHBI, UMeIoll1ie HAHOMacIITabHble 0cobeH-

Puc.5. ObopydosaHue PICOSUN R-cepuu ¢ 2eHepamopom
nAa3mbl U 8aKyyMUpOBAHHbIM 3d2pY304HbIM LWAO30M

Fig.5. PICOSUN R-series ALD tool with the plasma generator and
the vacuum load lock

HOCTH IIOBEPXHOCTHOM reoMeTpuu. ObopymoBaHUe
MMeeT [0 12 MICTOYHHMKOB PeareHTOB, KOMIIEKTYeTCS
reHepaTopaMU 030HA U IIa3MBI, [103BOJIsIeT 06paba-
THIBAaTh KaK ONMHOYHBIE IIJIACTUHBL JUAMETPOM OT 76
110 200 MM, TaK K KaCCeTHI C [IJIACTHHAMHU JHAMETPOM
110 150 MM. BO3MOKHBI OCHaILleHHEe aHATUTUYEeCKHUM
obopymoBaHHeM, HallpUMep KBaJpyIOJbHBIM Macc-
CIIeKTPOMETPOM, Ibe30KBAPLIEBEIM MUKPOB3BEIIK-
BaTe/leM M 3JIMIICOMETPOM [JIS in situ H3MepeHUM
pocTa IIJIeHOK, a TaKyKe HHTerpalus C IepyaTouHbIMHU

« synthesis of catalysts and
deposition of films on the
nanoparticles;

* biocompatible coatings;

 passivation of various materials
(solar cells, protection against
tarnishing, etc.).

EQUIPMENT

Picosun manufactures ALD equip-
ment for research and small pilot
production (R-series) and for
industrial applications (R-Pro and
P-series).

PICOSUN R-series ALD tools
(fig.3) enable the deposition of the
highest quality ALD films with
excellent uniformity even on the

HAHO MHOVCTPHA #7/61/2015

most challenging through-porous,
ultra-high aspect ratio, nanopar-
ticle samples and flexible materi-
als for the roll feed. Highly func-
tional and easily exchangeable
precursor sources for liquid, gas-
eous, and solid chemicals enable
particle-free processing of a wide
range of materials on wafers,
3D objects, and all nanoscale fea-
tures. The equipment has up to 12
sources of reagents, is equipped
with ozone and plasma generators,
and allows processing of from 76 to
200 mm single wafers, and of the
cassette with up to 150 mm wafers.
The main options are analyti-
cal instruments, e.g. quadrupole

mass spectrometer, QCM and ellip-
someter for in situ measurement
of film growth, and also the glove
box (fig.4), vacuum load lock (fig.5)
and analytical equipment for in
vacuo measurements, for exam-
ple, for x-ray spectrometric analy-
sis (fig.6).

Table 2 presents a brief list of
films and their characteristics
received by the users of PICOSUN
R-200 Advanced.

PICOSUN R-series-Pro (fig.7)
can be used for both R&D and
production of various products.
Depending on customer require-
ments, it can be equipped with
12 sources, including a plasma
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Tabauua 2. [laHHble noAb3osameneli 060pydosaHus PICOSUN
R-200 Advanced 0 HeoOHOpOOHOCMU pa3AU4HbIX NAEHOK 0451 150
u 200 MM nAacmuH

Table 2. Heterogeneity of the different films for 150 and 200 mm
wafers using PICOSUN R-200 Advanced

HeopHopopaHoOCTb
Martepuan (10), %
Material Heterogeneity
(3
AlLO,
(kacceta Ha 25150-MM MAACTUH) 0,13
(cassette for 25 150-mm wafers)
sio,
(kacceTa Ha 12 150-MM NAACTUH) 0,77
(cassette for12150-mm wafers)
Tio, 028
ZnO 0,94
Ta,0 1,00
Puc.6. ObopydosaHue PICOSUN R-cepuu, UHmMezpupos8aHHoe HfO 0.47
C peHmezeHosckum cnekmpomempom Thermo Fisher Scientific 2 :
0481 in vacuo usmepeHuli CUHMe3UpOB8AHHbIX NAEHOK i 2l
Fig.5. PICOSUN R-series ALD tool integrated with Thermo Fisher TiN 1,10
SFientific X-ray spectrometer for in vacuo measurements of the ALO, 0,50
films AIN 0,62
sio,
boxkcamu (puc.4), BAKYyMHUPOBAaHHBIMU 3arpy3ou- . MU HU3KOM
HBIMU IH)'IIOB&N}I/I (puc.5) u aHanH:queCKHM obopy- CTUMYMPOBAHHOE ;ihlnol'\llspawpe 1,10
JOBaHMEeM [J14 1N vacuo u3MepeHH, HallpUMep, IS ACO
Plasma-enhanced P EMIE
IIpOBeJleHUSI PeHTIreHO-CIIeKTPOMeTPHYeCcKOoro aHa- il )
nu3a (puc.6). TN 216
B Tabn.2 IpeJCTaB/IeH KPaTKH [IepedeHb I1JIEHOK TiAIN 2,87
U X XapaKTePHUCTHUK, [I0JIyYeHHBIX I10/1b30BaTe/ISIMHU o 087
n
Ha obopymoBarHuu PICOSUN R-200 Advanced. 273 '

generator, and the same set of
options, as the R-series tools. In
addition, the integration with
the other production lines using
robotic vacuum manipulators and
SMIF-loader is possible.

PICOSUN P-series is developed for
industrial production with the use
of ALD. P-series allows handling
wafer batches up to 450 mm size, to
grow films on large three-dimen-
sional objects, to work with large
amounts of fine powders, to han-
dle a wide and flexible product in
rolls. It is possible to integrate the
equipment into the vacuum clus-
ters PICOPLATFORM. Some char-
acteristics of the films obtained

using PICOPLATFORM 300, are
presented in table.3.

Industrial ALD system PICOSUN
P-300 (fig.8) allows to connect up
to 12 reagents and is intended for
both single and batch process-
ing of wafers up to 300 mm size.
It is possible to equip it with man-
ual or automated manipulator for
loading/unloading of heavy parts,
semi-automatic cassette loader
through the vacuum locks (fig.9),
robotic manipulator for auto-
matic loading of wafer in the cas-
sette in the vacuum, with subse-
quent rotation and loading into
a vacuum chamber (fig.10), and
SMIF- and FOUP-interfaces. This

equipment can be integrated with
other vacuum technological lines
and processes.

The data obtained by users of
PICOSUN P-300B and R-200 tools
for Al,0; ALD films with sin-
gle loading of two 27 wafers cas-
settes, of 200 mm size are shown
in table.4.

In addition, the range of equip-
ment includes PICOSUN P-1000 tool
(fig.11) for ALD on up to 450 mm
wafers in the cassette and large
three-dimensional objects, as well
as on the glass sheets of 400x600
mm size. It is possible to connect
up to 12 reagents through 8 sepa-
rate vacuum inlets. [
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Puc.7. O6bopydosaHue PICOPLATFORM R-Pro ¢ deyms
peakuyuoHHbIMU Kamepamu u pobomu3upo8aHHbiM MAaHUNyAs-
mopom Brooks Marathon MX400 0as1 HebonbWwuUx Npou3600cmae
Fig.7. PICOPLATFORM R-Pro ALD tool with two reaction cham-
bers and Brooks Marathon MX400 robotic manipulator

ObopynoBanue PICOSUN cepuu R-Pro (puc.7)
MOKeT OBITh MCII0JIb30BAHO KaK /ISl IPOBe/leHUS
HHOKP, Tak 4 B IPOMU3BOACTBE Pa3/IMYHBIX U3/e-
JTHUN. B 3aBUCHMOCTH OT TpebOBAaHM M 3aKa34YHKa,
OHO MOXeT OBITh OCHAILIEHO 12 MCTOYHUKAMH,
BK/IIOYas IIJIa3MeHHBIH FeHepaTop, U TaKHUM ke
HabopoM aHATUTHYECKUX OMI[UH, UYTO U MOJeNH
R-cepuu. KpomMe Toro, BO3MO>XHa HHTerpaLus C
OPYTUMHU TEeXHOJIOTUYECKHMHU JTUHHUSIMU IIOCPes-
CTBOM PobOTH3HMPOBAHHBIX BAKYYMHBIX MAaHHUIIY-
JITOPOB U 3aTPy3KH C IToMoIIb0 SMIF-TIOPTOB.

Jas OpOMBILIJIEHHOTO IIPOM3BOACTBA C HCIIOIb-
30BaHMeM TexHosoruu ACO mpegHasHaueHo o6o-
pynoBanue PICOSUN P-cepuu, KOTOpOe I103BO/IsIET
pemaTsh caeayolire 3agadymn: BRIIIOJHATh OMUHOY-

Puc.8. ObopydosaHue PICOSUN P-300B 045 00Ho8pemeHHOoU
obpabomku om 27 naacmuH duamempom 90 300 mm 8 Kac-
ceme

Fig.8. PICOSUN P-300B ALD tool for simultaneous processing of
27 wafers of up to 300 mm size in the cassette

HYIO U KacCeTHYI0 06paboTKy IIaCTUH JUAMeTPOM
no 450 MM; GOpMHUPOBATh IIIEHKHU Ha OONBIIKX
TpexMepHHBIX 06beKTax; paboraTs ¢ 6onbIIUMU
o6beMaMU MeJIKOAUCIIEPCHBIX IIOPOIIKOB; obpa-
OaThIBaTh MIMPOKHe IMOKUe U3Henus B PYJTOHAX.
Bo3MOKHA HHTerpanus obopygoBaHUs B BAKYyM-
Hble kyuacTepsl PICOPLATFORM. HekoTopble Xapak-
TePUCTUKHU IIJIEHOK, [I0JIy4eHHble Ha KJIaCTePHOM
obopynoBanuu PICOPLATFORM 300, npeAcTaBIeHbI
B Tabn.3.

[TpomsinieHHOe obopynoBanue ACO PICOSUN
P-300 (puc.8) obecreurBaeT BO3MOKHOCTD IIOJKJIIO-
YeHHU [0 12 peareHTOB Y IIpeJHa3HA4YEHO KaK A/
ONMHOYHOM, TaK U JJIsl KaCCeTHOM 06paboTKu I1a-
CTUH AHameTpoM A0 300 MM. BO3MOKHBI KOMIIJIEK-

Tabauua 3. [laHHble, NoAy4YeHHble N0Ab308AMEASMU KAGCmepHo20 060pydosaHus PICOPLATFORM 300 0as 300 mm naacmuH
Table 3. Data of the users of the PICOPLATFORM vacuum cluster tool for 300 mm wafers

Martepuan HeopgHopoAHOCTb (10) SneKTpuYecKkue XxapakTepucTUKM NJ1€HoK
Material Heterogeneity (10) Electrical characteristics of the films
ALO TonwmrHa naeHkn 0,90% MpobnBHOe HanpsxeHne 6onee 8 MB/cm
23 Film thickness of 0.90% Breakdown voltage of more than 8 MV/cm
Mpo6urBHOE HamnpsixeHne 6onee 3,5 MB/cM (3aBUCKT
HfO TonwmHa nneHkn 0,35% oT npotiecca)
2 Film thickness of 0.35% Breakdown voltage of more than 3.5 MV/cm (depends
on process)
ZrOx TonwmHa nneHku 0,50% 3aBuUCAT OT npoLiecca
Film thickness of 0.50% Depends on process
TiN FoBepxXHOCTHOE conpoTuBaeHme 2,39% | [oBEpXHOCTHOE CONpoTUBAeHMe 77,4 OM/KBagpaT
Surface resistance of 2.39% Surface resistance of 77.4 Ohms/square
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Tabauya 4. Pesynbmambl, NoAy4eHHble noAb3osamensmu obopydosarus PICOSUN P-cepuu 0as nneHok ACO Al,O; 045 08yx Kaccem no 27
naacmuH duamempom 200 mm
Table 4. Data obtained by the users of PICOSUN R-series for ALD of Al,O5-films for two cassettes for 27 200 mm wafers

HeoaHopoaHOCTb (10) TONWMHbI MAEHKM Ha NAACTUHE, % 051
Heterogeneity (10) of the film thickness on the wafer, % !
HeofHopoAHOCTbL (10) TOMLLMH NAEHOK HA BCEX MIACTUHAX B KacceTe, % 080
Heterogeneity (10) of the film thickness on all wafers in a cassette % !
Paz6poc ckopocTtu pocTa (10) Mexay KacceTamu C naactuHamu, % 018
Variation in the rate of growth (10) between the cassettes with wafers, % '
MOCT-MPOLECCHbIE YACTULLbI HA OAHOM NaacTuHe (6onee 70 HM) 1-
Post-process particles on a single wafer (70 nm)
KoaddumumeHT npenomneHns (190 Hm) 51864
Refractive index (190 nm) 0
OTCnoeHVe NIeHKM 1 06pa3oBaHMe MUKPOOTBEPCTUI Nocsie TpaBaeHus HF OTCyTCTBYIOT
Delamination of the film and formation of pinholes after HF etching No
3arps3HeHue Wenoybio, aToMoB/cM? )
Contamination with alkali, atoms/sq.cm <oy
Aaresns [MpeBocxogHas
Adhesion Excellent
YMeHbLUeHWe NponyCckaHns NapoB BOAbI M KMCI0poAa
(ans nonnmepHoro ob6pasua) 3000
Decrease in the transmittance of water vapor and oxygen
(for polymeric samples)
TBepaocTb, [Mla 8-14
Hardness, GPa
MexaHnyeckoe HanpskeHve (0CTaTOYHOE HaNPSXKEHWUE OTHOCUTENBHO Si)
npv tonwwmHe 100 HM, MTla 180
Mechanical stress (residual stress relative to Si) at a thickness of 100 nm, MPa
YKecTkocTb (3nacTUUHbLIR MoayAb), FMa 140-180
Stiffness (elastic modulus), GPa
CpefHee BpeMs MeXay onepauusiMm TeXHUYeCKoro 06Cy>XmnBaHus, Mec. 6
Mean time between maintenance operations, months
KoapdurumeHT HenpepbiBHOW paboTbl

. : >0,9
Ratio of continuous work

TalMI MEeXaHUYeCKHUM M/IH ABTOMAaTH3HPOBAHHBIM
MaHHUIYJIATOPOM AJIS 3aTPY3KH / BRITPY3KH TsKe-
JBIX AeTajed, CUCTeMOM I10JyaBTOMAaTH4YeCKOH
3arpys3sKkH KacCeThl C IJIACTUHAMU Yepes3 BaKyyMHu-
pOBaHHBIE IIT03bI (PHUC.9), aBTOMATHYeCKOM CHCTe-
MOM OLHHOYHOM 3arpy3KH IJIACTHH B KacceTy B
BaKyyMe PO6OTH3HMPOBAHHBIM MAaHHUIIYISITOPOM C
IOC/IeAyIOIKUM ee II0BOPOTOM M IOIPY3KOM B BaKYy-
ymHYI0 Kamepy ACO (puc.10), a TaK>Ke IOJKJIOYe-
Hue SMIF u FOUP noptoB. ObopynoBaHHe HUHTe-
rpUPYyeTCcs C APYTUMHU BaKyYMHBIMH TeXHOJIOTHYe-
CKMMH JIMHUSMH U IIPOLECCAMHU.

PesynbpTaThl, IMOJNy4YeHHBIE II0Ab30BATEISIMHU
PICOSUN P-300B u R-200 g5t mneHoK ACO AlL,O; mpu
ONMHOYHOMU 3arpy3Ke JBYX KacceT I10 27 MIaCTHH
nuaMmeTpom 200 MM ITpHBeeHBI B Tab1.4.

Kpome TOTO, B INHeNKe obopynoBaHus Picosun
nMeeTcsq yctTaHoBKa ACO PICOSUN P-1000 (puc.11),
IpegHa3HadyeHHad A/ HaHeCeHH mIeHoK ACO Ha
IUIACTUHBI JUAMETPOM 10 450 MM B KacceTe U 601b-

Puc.9. O6opydosaHue PICOSUN P-300 ¢ noayasmomamuye-
CKUM 3d2py34UKOM KAccemsl ¢ NAACMUHAMU Yepe3 3a2py304-
Hble WAK3bl, YCMAHOBAEHHOE 8 YHUCMOM NOMeL,eHuU

Fig.9. PICOSUN P-300 ALD tool with semi-automatic cassette
loader through the locks, installed in the clean room
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CEMWUHAPDBI UHCTUTYTOB
FRAUNHOFER B 3EJIEHOTPA/LE

SEMINARS OF FRAUNHOFER
INSTITUTES AT THE ZELENOGRAD

23 1 24 Hosibpst B KnacTepe "3eneHorpag’ COCTOATCS OBHOAHEBHbIE MEXTY-
HapoaHble HAy4HO-TexHUYeckne cemuHapbl "Coopka 3D, B TOM uuCie
M3MCKOMMOHEHTOB, KaK CPEACTBO MUKPOMMHYATIOPM3ALMM 3EKTPOHHOM
TexHUKU" 1 "TexHonorns 3D-WHTErpauuM MUKPONEKTPOHHLIX YCTPOICTB
KaK CpeacTBO MUKPOMUHUATIOPU3ALMI INeKTPOHHOW annaparypbl’, opra-
HIM30BaHHble "KopriopaLwen pa3siuTig 3eNieHorpaga’ npy GMUHAHCOBOM Nog-
Jepxke MNpasutenscrsar. MOCKBbI.

CemmHap "Céopka 3D, B ToM 4ncie MIMCKOMMOHEHTOB, Kak CPeZCTBO
MUKPOMMHATIOP3ALMM 3NEKTPOHHOM TeXHUKIA" NPOBEAYT 23 HOS6pst CrieLu-
anmcTbl uHcTUTyTa Fraunhofer ENAS (Tepmanig), BEdYLLETo LiEHTpa B 06/a-
CTW MCCTEO0BaHMIA W Pa3paboTki MHTErpaLM MHTEANeKTYbHBIX CUCTEM
C MOMOLLLHO MUKPO- M HAHOTEXHONOTMIA. B pamkax cemnHapa byayT paccmo-
TpeHbl 0C0beHHOCTH KoprycpoBaHus MAMC ¢ 3D-KOMMOHEHTaMK, NepBbii
YpoBeHb kopryc1poBaHust MIMC ¢ 3D-KOMMOHEHTaMK, TEXHO/OT S HAHOMM-
MpUTMHra A1 CTpyKTyprpoBanms MIMC, a Taroke npumenHenns MIMC.

CemuHap: "TexHonorust 3D-MHTErpaLui MUKPO3NEKTPOHHLIX YCTPOMCTB
Kak CpeACTBO MUKPOMUHMATIOPU3aLIAM 3NeKTPOHHOM annapaTypbl" MPoBeayT
24 Hos16pst CneLyManUCTbl MHCTUTYTA Fraunhofer [ZM/ASSID, MiupoBoro naepa
B 00MacTV pa3paboTKi M MPAKTUYECKOrO OCBOEHWS MUKPONEKTPOHHLIX
3D-TexHonori. B pamkax cemuHapa byzyT paccMoTpeHbl 0C0BeHHOCTH Mpo-
eKTMPOBAHNS CUCTeM C 3D-MHTerpaLivei, K1to4eBble MPOLIECChl MHTErpaLyu,
BiIoYas TSV, hopMMPOBaHME MEXCOEAMHEHWH, AOCBOPOYHbIE Onepaumy
11 CHOPKa, & TAIOKE METPONOT M.

MeponpusTis aapecoBaHbl TEXHUHECKUM CNeLManiCTaM NpeanpusTAM,
paboTaloLm B 061aCTH pa3paboTku, MPOEKTMPOBaHMS U COOPKM MMKPO-
INEKTPOHHDIX YCTPOICTB. YHaCTHWKW CEMMHAPOB MOAYYaT CepTUQMKATbI
uHcTTyTOB Fraunhofer ENAS v Fraunhofer IZM/ASSID.

O3HAKOMUMBCA C YCAOBUAMU YHACMUS U 0CMABUMb 30518KY MOXHO H catime
www.technounity.ru

0On 23 and 24 November at the Zelenograd innovation cluster will be held a
one-day international scientific-technical seminars

The speakers at the seminar "3D assembly, including assembly of MEMS,
for microminiaturization of electronic devices" on November 23, will be the
scientists from Fraunhofer ENAS (Germany). The main topics will be the
packaging of MEMS with 3D components, the first-level packaging of MEMS
with 3D components, nanoimprinting and applications of MEMS.

The speakers at the seminar "3D integration of microelectronic devices for
microminiaturization of electronic equipment” on November 24, will be the
scientists from Fraunhofer IZM/ASSIDs. The main topics will be design features
of the systems with 3D integration, the key integration processes including
TSV, forming interconnections, preassembly and assembly, metrology.

The terms of participation are available on the website www.technounity.ru
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Puc.10. ObopydosaHue PICOSUN P-300 Pro ¢ mexaHu3mom
gpaueHus Kaccemsl, coemecmumoe ¢ SEMI dng 200 mm naa-
cmuH (919 Ha2A0HOCMU He NOKA3aH po60MU3LUPOBAHHbIL Md-
HUNyAsmop, nodkA4aembili K WAK3y cnpasa)

Fig.10. PICOSUN P-300 Pro ALD tool with the mechanism of rota-
tion of the cassette, compatible with SEMI for 200 mm wafers (for
clarity, the robotic arm connected to the gateway on the right is
not shown)

Puc.11. ObopydosaHue PICOSUN P-1000 0451 npomblLAEHHO-
20 HanbineHus naeHok ACO Ha 6onbliue 06vembl U3deauli
Fig.11. PICOSUN P-1000 industrial ALD tool for large volumes of
production

IMe TpeXMepHBbIe 00beKThI, a TAK>Ke JTHCTHI CTeKIa
400x600 mm. UMeeTcsT BO3MOXXHOCTD MOAK/IIOYE-
HHA 10 12 peareHTOB IOCPeACTBOM BOCbMHU OTHEJIb-
HBIX BAKYYMHBIX BBOZ,0B. [ ]



