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BBEJEHUE INTRODUCTION
YTBepkAeHUe, uTO B 60pbbe c mpuBHOcUMOM medek- | The claim that the fight against introduced defects in
THOCTBIO HM3IeMHH MHUKPO3IEeKTPOHHKH mobe- | microelectronics products cannot be won [1] is clearly

OUTHh HEBO3MOXKHO [1], HarnsaHO mposiBasercs npu | demonstrated in the nanoelectronics production. For
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repexojie K IPOM3BOACTBY H3e/IHUH HaHO3IEKTPo-
HUKHU. Tak, Ip¥ MUHHUMaJIbHBIX Pa3Mepax 3/IeMeHTOB
COBpeMeHHBIX CBepPXOO0/IbIINX HHTErPaIbHBIX MUKPO-
cxeM (CBMC) 7-18 HM KPUTHUYHBIMHU C TOUKH 3peHUS
BbIXoJa rogHbIX CEMC CTaHOBATCS He TOJIBKO MeJIKO-
OUCIIePCHBIE YaCTHUIIBI (MIIY) [2], HO 4 TaK Ha3bIBae-
Mble MOJIeKY/ISIpHBIe 3arpsi3HeHHs [3]. Llesiblo JaHHOU
CTaTbH SIBJISIETCS] aHAJINM3 UCTOYHHKOB IIPHBHOCHMOU
nedeKTHOCTH H3Me/ MU MUKPO- U HAHO3/IeKTPOHUKHU
B BAKYYMHOM TeXHOJIOTH4eCKOM 000pyJOBaHH K KJIa-
CTEPHOTO THIIA.

KiacTepHBble IIPOM3BOACTBEHHBIE CUCTEMBI (pHC.1)
00BbeAUHSIOT B € IUHOM BaKyyMHOM LIHKJIe pa3IHYHble
TeXHOJIOTHM4eCKHe OllePaliiyi U Ha CerOAHSAIIHUI JeHb

example, with the minimum element sizes of modern
super large integrated circuits (VLSI) of 7-18 nm, not
only fine particles (FP) [2], but also so-called molecu-
lar contamination becomes critical in terms of VLSI
yield [3]. The purpose of this paper is to analyse the
sources of introduced defects in micro- and nanoelec-
tronic s products in the vacuum cluster-type process
equipment.

Cluster production systems (Fig.1) integrate dif-
ferent technological operations in a single vacuum
cycle and today they are used to produce the most
advanced micro- and nanoelectronic products. One of
the main challenges in designing and operating such
equipment is to ensure the quality of the vacuum
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Ha HUX IIPOU3BOIATCS CaMble COBpeMEeHHbIe U3/e/IHs
MHUKPO- ¥ HAHO3JIeKTPOHUKHU. OfHA M3 OCHOBHBIX I1PO-
6J1eM IPOeKTHUPOBAHUS U KCIUIyaTallMH TaKoro obopy-
NOBaHMS CBsi3aHa C obecreueHHeM KauecTBA BaKyyM-
HOI TeXHOJIOTH4YeCKOH Cpefibl, a UMeHHO, C MUHIMYMOM
[IPUBHOCUMOM 1epeKTHOCTH U3T0TaB/INBaeMblX MHKPO-
Y HAaHOCTPYKTYP. ECIU /11 MUKPOCTPYKTYP C PasMepaMH
nopsjka 1 MKM OCHOBHBIMU NPUYKMHAMU 6paka M3-3a
[IPUBHOCKHMOM 1eDeKTHOCTH SIBJISIOTCS TBepZble N
SKUJIKHe MeJIKOLUCIIePCHBIe YaCcTULIHI (2], To A1 HaHO-
CTPYKTYp C pa3sMepaMHu B JeCATKH U Jaske eSUHHUILIBI
HaHOMETPOB KPUTHYHBIMH C TOYKH 3PEHHUS BHIXO/A IO/
HBIX CTAHOBSITCSI MOJIeKY/ISIPHBIe 3arpsisHeHus [3] B BUze
IIPOAYKTOB pacmaja IOJIMMEPHbBIX KOHCTPYKLIMOHHBIX
MaTepHaJIoB U OpPraHHUYecKUX COeJUHeHHH, a TAKJKe I1Po-
NyKTOB Ta30BbI/Ie/IeHHH Pe3HHOBBIX cMecer. Kpome Toro,
B pe3y/bTaTe BBICOKOTeMIIEPATYPHOI0 U GPUKIIMOHHOIO
BO371eCTBU S (Tprbomecopbuiuu [4]) Ha MaTepUaIbl BHY-
TPHUKAMEepPHBIX YCTPOMCTB U MeXaHH3MOB Ha 06pabatsl-
BaeMble HAHOCTPYKTYPhI IIOTIaJaf0T ATOMBI ¥ MOJIEKYJIBI
KHCJIOpOJa, MeTaHa, MOHO K IMOKCH/A YITIePOLa, COeIH-
HeHUI cepbl, a TAK’Ke MEeTaJIIOB M X OKCHJIOB. B o6opymo-
BaHMU KJIACTEPHOIO THIIA IIPUCYTCTBYET ellle OOHA IIPH-
YMHa M0sIB/IeHH sl 6paKa, CBA3aHHas C IPOHUKHOBEHHEM
ra3o06pa3sHbIX PeareHTOB U IIPOJYKTOB I1JIa3MOXHMHU-
YeCKUX PeaKI[MH U3 OJHOr0 TeXHOIOTHYeCKOro MO/
Yyepe3 BBICOKOBAKYYMHBIL TPAaHCIIOPTHBIN MOZY/Ib B Ipy-
r'yie TeXHOIOrMYeCKKe MOIYIH.

[IpuBHOCKHMas OePpeKTHOCTb HU3MelH MHUKPO3JIeK-
TPOHHUKHU B BH/JIe MeJIKOAUCIIEPCHBIX YaCTHI] 6bL1a 10CTa-
TOYHO IoAPo6HO HcciefoBaHa B 90-e rofibl IIPOLIIOro
CTOJIETH S, YTO HAIIIO OTPaskeHHe BO MHOXKeCTBe I1ybu-
KalllH, B TOM 4HucIIe B [5]. BBUIM IpOBe/leHbl UCC/IeI0Ba-
HUA pacrpeneneHus MY Ha IOBePXHOCTH IIOIYIIPO-
BOJHHKOBOU IJIACTHHBI [10C/Ie OTKa4KH BaKYyMHBIX,
B TOM YH(JIe IIJIF030BBIX KaMep, HaIlyCKa B HUX BO3ayXa
[JIS pasTepMeTH3allMH, a TaKKe I10C/Ie IepeMelleHus
IUIACTUHBI B BAKYYMHBIX TeXHOJIOIMYeCKHUX KamMepax
C IIOMOIIIBIO, HAIIPHMeEP, TPaHCIIOpTepoB. Ha puc.2 mpu-
BeJleHbl Pe3yJ/IbTaThl H3MepeHHUs Habopa [o3bl IPHUBHO-
CHUMOMU JepeKTHOCTH Ha IIOBEPXHOCTH I10J1yIIPOBOJHU-
KOBOH IIJIACTUHBI B yCTAaHOBKe IIJIF030BOro Tuma 01HH-
7-015 paspaborku HUMTM (3eneHorpan).

MoJiexy/spHbIe 3aTPs3HeHU S II01yIIPOBOLHHUKOBBIX
IUIACTHH C QOPMHUPYEMBIMU HAHOCTPYKTYPaMH B BaKy-
YMHBIX KaMepax TeXHOJOrH4eckoro o6opymoBaHUs
MOT'YT IIOSBJIATECS, BO-TIEPBAIX, IIPHU KX PasrepMeTH3a-
Uy 13 aTMocdepsl UIIIT U cocToATh U3 opraHodocda-
TOB, CUJIMKOHOB, KPe30JI0B, YIJIEBOAOPOAOB U IPYIHX COe~
OUHEeHHUH (3], BO-BTOPBIX, B pe3yJ/IbTaTe ra30BblIe/IeHHS
13 OPraHHYecKHUX MaTepHaJIOB U I1ap TPeHHUsI, lecoph-
LIMH [1aPOB BOZIBI CO CTEHOK BAKYYMHOM KaMepEbI, Ta30Ha-
TeKaHU Yepes3 IIOABKKHbIE Y HEIIOABH KHbBIE KOHTAKTHI,
B-TPETBUX, [IPOAYKTHI KOppo3uu (ropstaka 100 A/30 rHerr)
Y OKHCJIeHH S TIOBePXHOCTH TeXHOJIOTHYeCKOH 0CHACTKH
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process environment, namely, to minimise the intro-
duced defectiveness of the manufactured micro- and
nanostructures. While for the microstructures with
dimensions of 1 pm the main cause of defects is solid
or liquid fine particles [2], for the nanostructures
with dimensions of tens or even several nanometres
the molecular contamination [3] in the form of degra-
dation products of polymer structural materials and
organic compounds as well as products of gas emis-
sion of rubber mixtures are critical in terms of good
quality yield. In addition, as a result of high-temper-
ature and frictional influence (tribodesorption [4]),
on the materials of intra-chamber devices and mech-
anisms, the atoms and molecules of oxygen, meth-
ane, mono- and carbon dioxide, sulfur compounds as
well as, metals and their oxides get on the processed
nanostructures. In the cluster type equipment there
is another cause of defects related to penetration of
gaseous reagents and products of plasma chemical
reactions from one process module into the other pro-
cess modules through the high-vacuum transport
module.

Introduced defectiveness of microelectronic prod-
ucts in the form of fine particles was investigated suf-
ficiently in detail in the 90’s of the last century, which
was reflected in many publications, including [5].
There were studies of FP distribution on the semi-
conductor wafer surface after pumping of vacuum,
including sluice chambers, pumping air into them for
depressurization, and also after wafer transfer in vac-
uum process chambers with the help of, for example,
conveyors. Figure 2 shows the results of the induced
defect measurements on the semiconductor wafer sur-
face in the 01NI-7-015 gateway-type device developed by
RIPMM, Zelenograd.

Molecular contamination of semiconductor wafers
with formed nanostructures in vacuum chambers of
technological equipment can appear, firstly, during
their depressurization from CR atmosphere, and con-
sist of organophosphates, silicones, cresols, hydrocar-
bons and other compounds [3], secondly, emissions
from organic materials and friction pairs, desorption
of water vapors from the walls of a vacuum cham-
ber, gas leakage through mobile and fixed contacts,
thirdly, corrosion products (about 100 A/30 days) and
oxidation of the technological equipment surface and
the walls of the vacuum chamber. The intensity of
molecular contamination, e.g. by phosphorus, can be
2.5-10" atoms/cm? per hour [3].

According to SEMI F21-951, molecular contamina-
tion in vacuum can include condensable compounds
(CC) and trace metals (TM). GOST R ISO 14644-9-2013
characterizes surface roughness classes according to
particle concentration, which define maximum per-
missible concentration of particles of certain sizes on



EQUIPMENT FOR NANOINDUSTRY

JI ] [ ||_
E [ E E—J v L;.:? 7% 999 % N
— 1 T A ¢ _IX =
= 101
o 9
< 3 6 .
:Eg: 5 X
S/ X . [
N A 2.
\
1 © 03 t4 ! t5

Puc.2. Cxema Habopa 003bl D npusHocumoli depekmHocmu u3deAuti, 0bpabameigaembix Ha ycmaHoske 01HW-7-015: 1 - 8 yucmom npous-
8odcmeeHHoM nometueHuu (Y1) kaacca 100 (no ®dedepanbHomy cmandapmy CLLA FS-209c); 2 - e YIMI kaacca 10; 3 - e YINI kaacca 1;
4 - 8 WAK3080M 3dzpy304HOM ycmpoticmae (LLI3Y) nocae omkauxu npu doae ocaxidaembix MY, pasroli 0,2; 5 — npu done, pasHoli 0,17;
6 - npu done, pagHoli 0,1; 7 — npu doie, pasHoli O (Npu LCNoAb308AHUL 8aKyyMH020 CMIM®-KoHmeliHepa); 8 — npu ydaneHuu MY ¢ nosepxHocmu
nAacmuHel; 9 - 8 pabodeli akyymHoli Kamepe npu nomoke M4, pagHom 1107t wm./(cm?c); 10 - npu nomoxe MY, pagHom 51072 wm./(cm2c);
11 - npu nomoxe M4, pasHom 11072 wm./(cm>c); 12 - npu nomoke MY, pasHom 1-1072 wm./(cm?c); 13 - 8 LLI3Y 8blzpy3Ku nocie HanycKka 803-
dyxa npu done ocaxkdaemblix M4, pasHoli 0,2; 14 - npu done ocaxkdaembix M4, pasHoli 0,17; 15 - npu done ocaxkdaembix MY, pasHoli 0,1

Fig.2. Schematic diagram of the D dose intake of the introduced defects of the products processed on the 01NI-7-015: 1 - in clean room
(CR) class 100 (according to US Federal Standard FS-209c); 2 - in CR class 10; 3 - in CR class 1; 4 - in sluice loading unit (SLU) after evacu-
ation at a fraction of deposited FP equal to 0.2; 5 - at the fraction equal to 0.17; 6 - at the fraction equal to 0.1; 7 - at the fraction equal to
0 (when using a vacuum SMIF container); 8 — at the removal of CR from the plate surface; 9 - in the working vacuum chamber at CR flux
equal to 11107 pcs./(cm?s); 10 - at the CR flux equal to 51072 pcs./(cm?s); 11 - at the CR flux equal to 11072 pcs./(cm?s); 12 - at the CR
flux equal to 11072 pcs./(cm?s); 13 - in the unloading pond after the air inlet at the fraction of deposited CR equal to 0.2; 14 - at the frac-

tion of deposited CR equal to 0.17; 15 - at the fraction of deposited CR equal to 0.1

Y CTEHOK BaKyyMHO KaMepbl. HIHTeHCHBHOCTB 06pa3o-
BaHHSI MOJIEKY/ISIPHBIX 3arpsi3HeHUE, HarpuMep docdo-
POM, MOKeT COCTaBIIATh 2,5 101 aTomoB/cM? B Hac [3].

B cooTBeTCTBUHU €O CTaHAApTOM SEMI F21-951 K more-
KyJISIPHBIM 3aTPsI3HEHUSIM B BaKyyMe MOKHO OTHECTH
KOHJleHCupyeMble coefriHeHUsI (MC) U C/ie[ibl MeTaJlIoB
(MM). TOCT P HMCO 14644-9-2013 xapaKkTepH3yeT KJIaCChl
YKCTOTBI [IOBEPXHOCTH I10 KOHLIEHTPALIMH YaCTHLI, KOTO-
Ppble oIpesie/ISIFOT MaKCHMaJIbHO JOIYCTUMYIO KOHLIeH-
TPALIMIO YaCTUI] OIlpe/ie/IeHHBIX Pa3MepOB Ha II0BEPXHO-
CTH IOy IIPOBOAHUKOBOM IIIACTUHBI. Fi3MepeHHe Macco-
BOM KOHIIEHTPALIKH [1I0BEPXHOCTHBIX 3arPsI3HEHUH OCHO-
BaHO Ha OIlpe/ie/IeHUH XapaKTePHbIX JAJIMH BOJTH OCHOB-
HBIX QYHKIIMOHAIBHBIX IPYIII 3arPA3HSIONINX BellleCTB
Y MOIIHOCTH CHMTHas0B. C IIOMOIIbI0 COBPeMeHHBIX
MeTOJI0B MOKHO ITPOBOAAUTb MOHUTOPUHT 3arpsisHEHHU I
Ha yposHe 0,1 Hr/cm? [3].

Cilefipl MeTaJIOB Ha IIOBEPXHOCTU IIOTYyIIPOBOAHU-
KOBBIX IVIACTHUH B BaKyyMe TeOpeTH4YeCKH MOTYT I105-
BUTBCS B pe3y/ibTaTe CyOIMMalluK aTOMOB MeTaJlIyde-
CKO¥ apMaTypsl. Cy6IMMaliys - MHOIOCTA UK HBIH ITPO-
Liecc, 11 IIpoBeJileHUs1 KOTOPOro HeobxoMa I0O/THH-
Te/lbHAs TeIJIOBas S3Heprus. IIpy ee IOABOAE YaCTHLL
MaTepHasia TBepJOoro Tela MUI'PHPYIOT Ha IIOBEPXHOCTH
TBepZOH $asbl U3 COCTOSIHHS C HAaUOOJIbIIIel ITPOYHOCTHIO

the semiconductor wafer surface. Measurement of
mass concentration of surface contaminants is based
on determining characteristic wavelengths of the
main functional groups of contaminants and signal
power. With the help of modern methods it is possible
to monitor contamination at the level of 0.1 ng/cm? [3].

Traces of metals on the semiconductor wafers sur-
face in a vacuum can theoretically appear as a result
of sublimation of metal armature atoms. Sublimation
is a multi-step process that requires additional ther-
mal energy. When it is supplied, particles of solid
material migrate to the solid phase surface from the
highest bond strength state to a state with lower bond
strength and then to the gas phase. At the same time
the particles desublimate from it. The maximum
sublimation rate and desublimation processes in a
vacuum can be calculated from the Hertz-Knudsen
equation:

dN,  p,.%, atom

dt-A J2nmkT m’c

@

where N, is the number of evaporated (sublimated)
atoms or molecules, t is time, s, A is the evaporation

Vor.15 No. 3-4 2022 NANO INDUSTRY
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CBSI3el B COCTOSTHHE C UX MeHbILIeHt IIPOYHOCTBIO, a 3aTeM
B ra3oByio pa3sy. OmHOBpeMeHHO K3 Hee IIPOMCXOLUT
necybnrManys 4acTUL,. MaKCHMaIbHYI0 CKOPOCTb ITPO-
LIeCCoB CyOnMMaIiU U lecy6IMMali iU B BAKYYMe MOXKHO
paccumuTath 110 ypaBHeHMIo ['epria - KHymceHa:

dN,  p.®, atom

dt-A \/ankT m?c ’

oy

rae N, - KOJIM4eCcTBO UCIIapeHHbIX (Cy6/TMMHUPOBAaHHbIX)
aTOMOB MJIH MOJIEKYIT; t — BpeMsl, C; A - [IJIOMIA/Ib HCIIape-
HHUS (CyOnHManum), M?; a, - KO3QOUIMEHT UCIIapeHus
(L7151 YUCTBIX MaTePHAJIOB a, =1); m - Macca UCIIapeHHOro
(cy6bIMMHPOBAHHOI0) aTOMa WK MOJIEKYJIBl, KI; T, -
TeMIleparypa ucrapeHus, K.

JlaB/eHHe HACBIIEHHOIO Iapa HaJ I10BePXHO-
CTBbIO TBEPAOrO Tejla OMMHChIBAETCS ypaBHEHHeM
KnanerpoHa - Knaysuyca:

T T(V-V) TV~ @)

Il€ Puac ~ AaBJIeHMe HaChIIeHHOro IIapa ucHapse-
MOTro MaTtepuaina, I1a; T - TeMiiepaTtypa maTepuaia, K;
H - s"Tanenusg rasa (r) ¥ SKUAKOCTU (5K), KKaJI/KMOJIb;
V - 06beM rasa () u skuakoctu (K), M3 (Vr>>Vsk); DH -
TeIlJI0Ta UCIIapeHuUsl, KKaJI/KMOJIb.

OnHaKo aB/leHHe HaChIIIeHHOrO [1apa IIpY TeMIlepa-
Type HUKe TeMIIepaTypbl UCIIapeHHUs oueHb MaJo. Tak,
JlaB/ieHHe HaChIIIeHHOro Ilapa MeTaslJla, HallpHUMe]p
HeNTyHMs, IPH KOMHATHOI TeMIlepaType B BakKyyMe
paBHo [6]:

1gPyac= 5,1-2,06 - 104/T, 3)

rae T - abcomroTHas TeMIleparypa, K.

IIpu T=1000 K maBjeHMe HACBIIIEHHOro Iapa
COCTaBIseT P,,=10"°I1a, a Ipy KOMHATHON TeMIlepa-
Type 293 K maBjieHHe HACHIIE@HHOrO0 I1apa COCTaB/sgeT
BCEro P,,,=107% I1a. [Ipy TaKUX BeTUYMHAX JaBJIeHUI
CKOPOCTbH IIPOLIeCCOB Cy6MMMaLMK NPUOIU3UTEIBHO
COCTaBJIsIeT, COOTBETCTBeHHO, 107 u 10739 atom/(Mm2c). U3
3TOIO C/leflyeT, YTO IIPY KOMHATHOK TeMIlepaType 3arpsi3-
HeHHS MHKPO- U HAHOCTPYKTYp aTOMaMU U MOJIEKY-
JTaMH KOHCTPYKIIMOHHBIMU MaTepraaaMU BaKyyMHOIO
TeXHOJIOTHYeCKOro 060pyI0BaHH I MOSKHO He YIUThIBATh.

ITprBHOCHMas fepeKTHOCTH B BH/Ie aTOMOB U MOJIEKY/T
KOHCTPYKLIMOHHBIX MaT@PHAJIOB MOKET KMEeThb 3aMeTHOe
BIIMSIHYE Ha XapaKTePUCTUKH HAHOCTPYKTYP, BIIJIOTH 10
bpaka, B pesy/sTaTe Tpubomecopbiiyu [4] 13 map TpeHUS
BHYTPHKaMEPHBIX MeXaHH3MOB.

KaKk roxasasi OIbIT IIPOeKTHPOBAHUSA U SKCILIyaTalliH
BaKyyMHBIX TPAaHCIIOPTHEIX U 3aIrPy304YHBIX MOZYJIEH,
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(sublimation) area, m?, a, is the evaporation coeffi-
cient (for pure materials a,, =1), m is mass of an evap-
orated (sublimated) atom or molecule, kg, T, is the
evaporation temperature, K.

The saturated vapour pressure over the surface of
a solid body is described by the Clapeyron - Clausius
equation:

T T(V-V) TV’ @

where p,,,. is saturated vapour pressure of material to
be vaporised, Pa; T is material temperature, K; H is
enthalpy of gas (r) and liquid (), kcal/kmol; V is vol-
ume of gas (r) and liquid (x), m?3 (Vr>>Vsk); DH is heat
of vaporisation, kcal/kmol.

However, the saturated vapour pressure at tempera-
tures below the evaporation temperature is very low.
For example, the saturated vapour pressure of a metal,
e.g. neptunium, at room temperature in a vacuum
is [6]:

1Pyac= 5,1- 2,06 - 10%/T, (3)

where T is the absolute temperature, K.

At T=1,000 K the saturated vapour pressure is
Puac=10"1% Pa, and at room temperature 293 K the
saturated vapour pressure is only p,,.=107% Pa. At
these pressures the speed of sublimation processes is
approximately 107 and 1073° atoms/(m?s), respectively.
It follows that at room temperature contamination
of micro- and nanostructures with atoms and mole-
cules by structural materials of vacuum technological
equipment can be disregarded.

Introduced defects in the form of atoms and mole-
cules in structural materials can have a marked effect
on performance of nanostructures, up to and includ-
ing rejection, as a result of tribodesorption [4] from
intra-cavity friction pairs.

As the experience of design and operation of vac-
uum transport and loading modules showed, the
main sources of contamination in the form of chemi-
cally active gases and fine particles are friction pairs of
mechanisms, guides, motion inputs, located in high
and ultra-high vacuum [7]. Information on tribode-
sorption in vacuum from various steels, polymeric
materials, minerals, solid lubricants, soft metals (sil-
ver, lead) is accumulated, with tribodesorption having
both thermal and athermal (at low loads and friction
speeds) character. The compositions of polypropylene,
ethylene propylene, chlorobutylene and fluorocarbon
rubbers stand out in the friction of synthetic rubbers.
Low molecular weight compounds such as methane,
mono and carbon dioxide, non-polymerised monomers
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OCHOBHBIMH MCTOYHHKAMHU 3aTpsI3HEHUH B BUJe XUMHU-
YeCKH aKTHBHBIX Ta30B U MeJIKOAHCIIEPCHBIX YaCTHUI]
SIBJISIFOTCSI [TAphl TPEHH ST MeXaHH3MOB, HAIIPaBJISIONIUX,

BBOJIOB [IBYKEHMUSI, PACIIONIOKEHHBIX B BBICOKOM U CBEPX-

BBICOKOM BaKyyMe [7]. HakorieHa MHPOpMAIIKs 110 TPU-

bomecopbLiK B BaKyyMe 13 Pa3/IUYHbBIX CTaJIeH, II0JIH-

MepPHBIX MaTepHasIoB, MUHePaloB, TBEPAOCMA30UHBIX

MaTepHasIoB, MSTKUX MeTaJjlIoB (cepebpo, CBUHeLL), ITPH-

yeM TprbogecopbIKs KMeeT KaK TePMUUYECKH, TaK

Y aTepMHUYecKHUi (IIPU MaJIbIX HaTpy3Kax M CKOPOCTSIX

TpeHUsI) xapakTep. [Ipu TPeHUH CUHTETHUYECKUX Kay-

YYKOB BbIE/ISII0TCSI KOMIIO3KILIMH [IOJIUIIPOIIK/IEHOBOTO,

3THJIEHIIPOIIKU/IEHOBOIO, XJIOpOYTH/IOBOTO U GTOpKayyy-

KOB. B criekTpe Macc o6HapysKeHbl HU3KOMOJIEKY/ISIPHBIE

coelMHEHMS: MeTaH, MOHO U IUOKCHU/ yIlepoia, Herlo-

JTHMepHU30BaHHbIEe MOHOMEPHI U JIeTy4UHe KOMIIOHEHTBI

MIpHMeceH.
sIBeHHsI TPUOO3MHUCCU U BKJIIOUAIOT B Cebs pasnuy-

Hble QU3HYecKHe U XMMHUYeCKHe ITPOLeCChl, ITPOHCXOAS

1K€ BHYTPH U BOKPYT 30HBI KOHTAKTA TPYILHUXCS TeNl U

IIPUBOJSIIIKE K SMHUCCHH aTOMOB M MOJIEKY/T CAMHX TeJ,

OKKJIIOAVPOBAHHBIX Ta30B U HAHOYACTHUL], [5]. ITH CBOM-

CTBa TPHUOOIMUCCHOHHBIX SIBIEHHUH OBUIH ITOIOKEHBI B

OCHOBY 11€710T0 Psifia Pa3paboTOK IIPHMHIIMITHATIBHO HOBBIX

TeXHOJIOTHYeCKHX IIPOLleCccoB, MaTepHasioB U MeTOZOB

C 3aJlAaHHBIMH CBOMCTBAMH, B TOM UHCJIE:

* CIeLHaTbHbIe TPUOOIOrMYeCKHe MOKPBITHS, 061a-
AaloIHe CII0COBHOCTBIO K CAMOBOCCTAHOBIEHUIO U
a[IANITUPYIOMIMXCS K YC/IOBUSIM 3KCIIIyaTalluH;

* HOBBIE CMa30YHbIe MaTepHasIbl st 060PyAOBAHUS
BaKyyMHBIX M KOCMHUYeCKHX CHCTeM H 0C060 YHCTOH
cpenbl;

* HOBBIM MeTOJl aHA/IK3a COMePsKaHHUSI U pacIipeieNeHHsI
ra3oB B MaTepHaIax U IIOKPHITHSIX.

[nsg ucoons3oBaHusa B CBB OGOpy,ELOBaHI/II/I HUTHU
r. Ps3aHb B 80-€ TO/IbI TPOIIIOTO CTONETH S 611U paspabo-
TaHBI 1BA THIIA TBEPAOCMA304HBIX IIOKPBHITHI Ha OCHOBE
oucynbdraa MonubieHa: XM MUKO-TepMHUYeCcKoe IOKPhI-
THe "lumonuT-4" paspaborku BHUHMO®U 1 HOHHO-TI/1a3-
MeHHoe IoKpsITHe "HUITH MosS " paspaborku HUMAII
PAH. OnHaKo B CIIeKTpe Ira3oBblfe/leHUH 13 [1aphl Tpe-
HUS ¢ "JUMOIHT-4" IPHUCYTCTBOBAIK CJIefIbl CEPHL U ee
COeIMHEHMUI, UTO 0Ka3a10Cch He IIpHeMIeMo AJIs I1Po-
LIeCCOB MOJIEKY/ISIPHOJIyYeBOk 3IIUTAKCUH, TaK KaK ITPH-
BOJIMJIO K IIepe/IerMPOBaHHUI0 TeTePOCTPYKTYP Ha OCHOBE
GaAs. T103TOMY B 9KCIIyaTaLlKIO ObIIM IPHUHSTHI y3IIbL
TPeHHsI MAaHUITY/ISTOPOB U HAIlPaB/ISIOMUX CKOJIbKe-
HUS C ITOKpbITHEeM "UITH MoSZ", B CIIEKTpe ra3oBblieIe-
HUS KOTOPBIX Aaske IIpH TeMIiepaType 773 K cjie[1oB cephl
U ee CoeMHEeHUH 0bHapy>KeHo He 6bL10 (pHC.3).

[Ipu Mcclle0OBaHUU IPUBHOCUMON JedeKTHOCTHU
OT Y3/I0B U MeXaHH3MOB B BaKyyMHBIX KaMepaX TeXHOJI0-
TH4ecKkoro 06opy0BaHUS, B YaCTHOCTH OT IIOAIIUITHU-
KOB CKonbXeHHUs ¢ TCII Ha 0CcHOBe AUCyabdrIa MOIK6-
JleHa, HaHeCeHHOI0 BaKyyYMHBIM HOHHO-TIJIa3MeHHBIM

and volatile components of impurities are found in the
mass spectrum.

Tribo-emission phenomena include various physical
and chemical processes occurring in and around the
contact zone of rubbing bodies and leading to emission
of atoms and molecules out of the bodies themselves,
occluded gases and nanoparticles [5]. These proper-
ties of tribo-emission phenomena made the basis for
a number of developments of the fundamentally new
technological processes, materials and methods with
given properties, including:

« special tribological coatings with self-repairing
ability and adaptable to operating conditions;

+ new lubricants for vacuum and space systems and
particularly clean environments;

+ anew method for analysing the content and distri-
bution of gases in materials and coatings.

Two types of solid-lubricant coatings based on
molybdenum disulphide were developed for use in
UHV equipment by RITI Ryazan in 1980s: chemical-
thermal coating "Dimolit-4" developed by All-Russian
Scientific Research Institute optical-physical measure-
ments and ion-plasma coating "IPN MoS," developed
by Mechanical Engineering Research Institute of the
Russian

Academy of Sciences. However, in a spectrum of
gas emissions from friction pair with "Dimolit-4"
there were traces of sulphur and its compounds that
turned out to be unacceptable for processes of molecu-
lar beam epitaxy as it led to overlegging of GaAs-based
heterostructures. Therefore, the friction assemblies
of manipulators and slideways coated with MoS, IPN
were taken into use and no traces of sulphur and its
compounds were detected in their gas emission spec-
trum even at 773 K (Fig.3).

In research of brought defectiveness from units
and mechanisms in vacuum chambers of the process
equipment, in particular, from sliding bearings with
solid lubricant coating (SLC) on the basis of molyb-
denum disulphide, applied by vacuum ionic-plasma
method, traces of metals and sulphur on surface of
control plates which have been placed in immediate
proximity of a sliding bearing (Fig.4) were found. The
quantity and composition of these traces varied with
operating time, expressed as the total number of revo-
lutions of the bearing shaft.

CONCLUSIONS
Thus, the analysis of causes and sources of the intro-
duced defects in micro- and nanoelectronics products,
as well as occurrence and spread of molecular contam-
inants in cluster-type vacuum processing equipment
show that:

For microstructures with dimensions of the order
of 1 pm, the main causes of rejects due to introduced
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Puc.3. Cnekmpbl 2a308bi0eneHus NOKpbimul Ha ocHose MoS,:
a-WrnHMos,, T=773 K, t=1y; b-Aumoaum-4, T=623 K, t=1y
Fig.3. Gas release spectra of MoS,-based coatings: a - MoS, IPN,
T=773K,t=1h; b-Dimolite-4, T=623K,t=1h

MeTOoA0M, (539871 O6Hapy>KeHbI c/1ebpl MeTaJlJIOB H CEPBI
Ha IIOBEPXHOCTH KOHTPOJIbHBIX IVIACTHH, KOTOPbIE ObLIH
Ppa3MelleHbl B HEHOCPE,Z[CTBEHHOI;I 671M30CTH OT TIOAIIMII-
HHKa CKOJIb>KeHH S (pI/IC.4-). HPI/ILIEM KOJINYeCTBO 1 COCTaB
3THUX CJIed0B M3MeHSJIOCh C Hapa60TKOI:I, BBIPA)I(EHHOfI
B CYMMapHOM KO/IHMYeCTBe 06OPOTOB BaJia ITIOAIIMITHHM KA.

BbIBOAbI

TakuM 06pa3oM, aHAIK3 NPUYUH U UCTOUHUKOB ITPU-

BHOCHMOU AedeKTHOCTH U3e/IMH MHUKPO- U HAHO3J/IeK-

TPOHMKH, a TAKIKE [IOSB/IEHU S U PACIIPOCTPaHEeHH I MOJIe-

Ky/ISIPHBIX 3aIPSI3HEHHU I B BAKYYMHOM TeXHOJIOTHYeCKOM

0060pymOoBaHK U K/IACTEPHOIO THIIA [TOKAa3bIBAET, UTO:

* [/ MUKPOCTPYKTYP C pasMepaMu IopsfKa 1 MKM
OCHOBHBIMHU INPHUYMHAMU 6paka H3-3a IPUBHO-
CUMOH HedeKTHOCTH SIBISIOTCS MeIKOJHCIepC-
Hble YaCTHIIBI, IIOMNAJAIO0IIKe B BAKYYMHbIE KaMephbl
C IIOTOKAMH TeXHOJIOTMYECKOI'o rasa, OTpeIBaeMble
OT CT@HOK M OCHACTKH YaCTUIIbI HAHOCUMBIX U CTPaB-
JIMBAaeMBIX IIJIEHOK M CJIO€B, B TaKKe YaCTHUILHI,
reHepupyeMble MexaHH3MaMH, paboTarIUMHU
B BaKyyMe;

* [/ HAHOCTPYKTYp C pa3sMepaMu MeHee 100 HM
(BILIOTB 10 5-10 HM) KPUTHUUHBIMHU CTAaHOBSITCSI MOJIe-
Ky/IsSIpHBIE 3arPA3HEHUS B BUJE IIPOAYKTOB paciajga
IIOJIMMEPHBIX KOHCTPYKILIMOHHBIX MaTepPHaJIOB U Opra-
HHYeCKHX Coe[JUHeHHH, IPOAYKTOB ra30Bble/IeHUHI
Pe3HHOBBIX CMeceH U T.II.;

* aTOMBI U MOJIEKY/IbI XUMHUYECKH aKTHBHBIX Ia30B,
TaKHX, HallpUMep, KaK KUCJIOPOJ, MeTaH, MOHO
M JUOKCHUJ YITIePOAa, a TaKXKe COeTHHEeHHUS Cephl,
C/Iebl METAJIJIOB U OKCHUJO0B, OTPULIATE/IBHO BIH -
IOMMX Ha XapaKTePUCTUKHU GOPMHPYyEeMBIX HaHO-
CTPYKTYP, HMOABIAIOTCS Ha IIOYIIPOBOSHUKOBBIX
IJIaCTMHAX B pe3y/jbTaTe BBICOKOTE@MIIEPATYPHOIO

oM e 33—
HAHO MHAVCTPUA Tom 15 Ne3-42022

R T Fe-16,6%
Fo—0.2% Mo - 26,8%
e—0,2%

dy, MKM | Lm

N, 10°OB | ROT

Puc.4. CpedHuli duamemp MAY u ux xumuyeckuli cocmas 6 3a-
gucumocmu om Hapabomku N nodwWwuUNHUKA CKoAb)KeHUs1 ¢ TCl1
Ha ocHose MosS,

Fig.4. Mean diameter and chemical composition of CRs as a func-
tion of the running time N of a slide bearing with MoS,-based SLC

defects are fine particles entering vacuum chambers
with process gas flows, particles of films and layers
being deposited on and peeled off the walls and tools
and particles generated by the mechanisms operating
in vacuum;

For nanostructures smaller than 100 nm (down to
5-10 nm), molecular contamination in the form of deg-
radation products of polymer construction materials
and organic compounds, outgassing products of rub-
ber compounds, etc., becomes critical;

Atoms and molecules of chemically active gases
such as oxygen, methane, carbon monoxide and car-
bon dioxide, as well as sulphur compounds, traces of
metals and oxides negatively affecting the character-
istics of formed nanostructures appear on semicon-
ductor wafers as a result of high temperature and fric-
tion effects (tribodesorption) on materials of in-cell
devices and mechanisms as well as their wear;

The cause of defects in nanostructures processed
in cluster-type equipment are atoms and molecules
of gaseous reagents and products of plasma chemi-
cal reactions diffusing from one process module to
another through transport and loading and interme-
diate modules.
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1 GPUKIIMOHHOTO BO3LeHCTBUS (Tpubomecopbrrm)
Ha MaTepHaJIbl BHYTPHKAMEPHBIX YCTPOMCTB U MeXa-
HH3MOB. a TAK>Ke KX U3HOCA;

e IPUYHHOU IOSIBIeHUS Opaka obpabaTeiBaeMBIX
B 060PyZOBAaHUM KJIACTEPHOTO TUIIA HAHOCTPYKTYP
SIBJISIETCSI AaTOMBI I MOJIEKYJIBI TA3000Pa3HBIX peareH-
TOB U IIPOAYKTOB IIJIA3MOXHMMHYECKUX PeakLUH, A1U-
GYyHINPYIOIIUX U3 OOHKUX TEXHOTIOTHYeCKHUX MOY/IeH
B IPyT'He Yepe3 TPAHCIIOPTHO-3arPy304HbIe U IIpOMe-
SKYTOUHbIE MOIYJIH.

WUHOOPMALLUA O PELIEH3MPOBAHUN

Pepmaxuiysi 671arofapyuT aHOHKMHOIO PelieH3eHTa (pereH-
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