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TpebyeT npuUMeHeHUs cneumasnb-
HbIX MPOLLECCOB U TEXHO0rnYeckmnx
peXumMoB. B cBsi3n ¢ 3TUM 60/bLUOK
MHTEpeC nMpeAcTaBAsAlOT  bbiCTpble
TepMuyeckme npoueccbl RTP (rapid
thermal processing) u cucremol
XUMUNYECKOro OCaXAeHUss U3 raso-
Boi ¢asbl (CVD) U aTOMHO-C/I0EBOrO
ocaxpeHusa (ALD) c TexHonoruemn
NpsIMOro BMpbICKa XUAKUX MpeKyp-
copos DLI (direct liquid injection).
PeweHus pgna peanumsauum RTP

u DLI-CVD/DLI-ALD paspabaTbiBaeT U NMpou3BOAUT KOMMaHUs Annealsys us MoHnenbe (®paHuus).
06 0CO6EeHHOCTAX 3TUX TEXHOIOrUMA U 060pYAOBaHMNSA pacckasas NpesnaeHT U reHepasibHbIN ANPEeKTop

Annealsys ®paHk Jlanopt (cnesa Ha ¢oTO).

Obtaining new materials and structures for semiconductor devices, MEMS, photovoltaics,
photonics, etc. requires the use of special process and processing modes. In this regard, the RTP
(rapid thermal processing) and direct injection (DLI) for vaporization of liquid precursors for CVD
and ALD are of great interest. Solutions for implementation of RTP and DLI-CVD/DLI-ALD are
developed and manufactured by the Annealsys company from Montpellier (France). Franck
Laporte (on the left on photo), the President and CEO of Annealsys, has told us about the
features of these technologies and the equipment for them.

TocioayH JIanopT, KaKOBbI BO3MOKHOCTH H OCHOBHbIE
obyracTH npHUMeHeHHs1 060pyIOBaHHS AJ1s1 OBICTPBIX
TepMHYeCKHX ITPOLIeCCOB?

BelcTpble TepMH4YeCKHe IIPOLIECCHl MOKHO paspe-
JITh Ha TPU TUIIA: pe3HJeHTHBIe, KOIAa CTPyKTypa
MaTepHasa mpeobpasyeTcst TOIBKO 3a CUET HArpeBa,
[IOBEPXHOCTHBIE PeaKLMH, KOTAa Hapsily C HarpeBoM
Ha MaTepHasl BO3[EHNCTBYIOT ra3006pa3Hble JOMOTHU-
TeJIbHBIE BEIIeCTBa, a TAKKe OBICTPOe TEPMOXUMHYECKOe
ocaskaeHMe 13 ra3oBok gpassl (RTCVD). I1epBbIH THII IIPO-
LIeCCOB ITPUMEHSeTCS, HaIIPUMep, AJIS [T0CIeMMIT/IaHTa-
LIMOHHOI0 OT’KUTA, OT’KHUTA OMUYeCKUX KOHTAKTOB, JUP-
dysuM nerupymoIen NpUMecH, BTOPOH THII — IJIs1 OKKC-
JIeHU S, HUTPUIU3ALIUHY, CeNeHU3alNH, KapboHU3aLNU
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kpemHus. RTCVD HCIIONB3yeTCs OJIs IIONTYYeHU sl TOH-
KHX IIJIEHOK I'padeHa, rekcaroHaIbHOr0 HUTpUAA 6opa,
MIOJIMKPeMHHUS, Pa3/IMYHBIX COeIUHEHU N KPeMHHUS.
Haira KoMIIaHHUS BbIITyCKaeT 060pyAoBaHKe [J1s1 hcciie-
JNOBAaHUM U Pa3paboTok, a TaksKe MeJIKOCepHUHHOIo
IIPOM3BOJACTBA. Pasmep obpabaTeiBaeMbIX IIJIACTUH
MO3KeT COCTaBJISITh OT TPeX JI0KMMOB B cHcTeMe AS-Micro
10200 MM B AS-Master. B yctaHoBKe Zenith-100 makcH-
MaJIbHas TeMIIepaTypa MOKeT JOCTHUTaTh 2000°C,

KaKoBBI PeHMyLIeCTBA CHCTEM 151 ObICTPBIX TEPMH-
YeCKHX IPoLeccoB oT Annealsys?

Bo-IlepBBIX, HAIIK YCTAHOBKH OCHAIIeHBI CHCTEeMO
BOJSIHOTO OXJIa’K[I€HHU I peaKTOpPOB, KoTopasi obecrie-
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YHMBaeT TOYHBIM KOHTPOJIb TeMIIePaTyphl, MUHHMH-
3aI[MI0 3arPA3HSAOIIUX BellecTB B paboyeli KaMmepe,
MHHHMMA/JbHBIM 3QPEKT MaMATH, ONTHMAJbHOE
CMeIIMBAHHE Fa30B U X PABHOMEPHOe pacipese-
neHue 1o obpasiy. braromaps 3ToMy SOCTUTAIOTCS
BBICOKASI BOCITPOM3BOAUMOCTD IIPOI[ECCOB K BO3MOXK-
HOCTb paboThI C TEpDMOUYBCTBUTEIbHBIMU MaTepHa-
J1aMu. Bo-BTOpBIX, HaIlK yCTaHOBKU RTP mo3Bo-
n410T paboTaTh I10J BAKYYMOM, YTO 3HAYHTe/IbHO
paciypsieT BOSMOKHOCTH I10JIyYeHHU ST HOBBIX MaTe-
puasnoB u CTPYKTYp. U HaKOHeI, C1eAyeT OTMETHUTh
Ha/Ie>XXHOCTh U [0/ITOBEUHOCTh Halllero o60pymoBa-
HUS.

KaxkoBbI BO3MO>KHOCTH cHcTeM DLI?

YcrtaHoBKHM DLI o1 TOHKOIIJIEHOYHBIX IIPOIIeCCOB
MBI Havya/lu BeIIIycKaTh B 2011 roay. IlpumeHeHMe
DLI-ucnaputeneil obecrnedurBaeT BO3MOXKHOCTH
paboThl c Ype3BBIUAKHO IIHPOKON HOMEHKIIATYPOU
MaTepHajoB, B TOM 4YHCJIe IIPeKypcopaMH, Tpe-
Oy MMHU IOHHUKEHHOIO IaBeHH s, U TepPMHUUeCKHU
HeyCTOMYHBBIMH IIPeKyPCOpPaMU. B 01HOU U TOM Xe
yCTaHOBKe BO3MOXKHa peanusanus npoueccos CVD,
ALD, MOCVD (xuMHUeCKOoe OCaKAeHHe U3 [1apoB
MeTaJI/IOOPraHUYeCKUX COeJUHEeHHUMN), OBICTPHIX
TepMHUYECKHUX IpoueccoB, Bkaw4yasgs RTCVD,
B HacTosIee BpeMs MBI BBIIIyCKaeM YCTAHOBKH JJIs1
IJIACTUH JHaMeTpoOM OT 2 AIOMMOB 0 200 MM, OpH-

eHTHPOBAaHHBIE B [IePBYIO ouepelb Ha HCCIef0Ba-
TeJIbCKUM CeKTOP.

Kakue monenu obopynoBaHust Haubosee BocTpe-
60oBaHBI Ha PBIHKE?

MpbI mpoaeM B cpeagHeM 110 25-30 yCTaHOBOK B IO,
OcHoBHBIe PRIHKHK - EBpomra, BKImouasa Poccuio,
CeBepHas AMepuKa U BocTtouHas Asusd. B uccie-
JNO0BaTe/JbCKUX LIeHTPax ocobeHHO BocTpeboBaHa
cucteMma RTP AS-One, KoTopas BBIIYCKaeTCs
B MOOMOUKALMAX O IJIACTUH JHAMETPOM
100 mam 150 MM, IIO3BOJISIET BBHIIIO/NIHAThH Harpes
10 1450°C, ocHAIIAeTCI CUCTEeMOH BOASHOTO OXJIaXK-
OeHHs KaMepbl U MOXeT KOMIIJIEKTOBATLCS Typbo-
MOJIEKYJIIPHBIM HAacOCOM. MHOTHe ITPOH3BOAUTEIHN
MD3MC HCIIONB3YIOT CUCTeMY AS-Master [Jis IJIaCTUH
ouamMeTpom g0 200 mm. Cpeau cucteM DLI Haubo-
Jiee IOMy/sipHA YHHUBepcasbHas MC-050 misa aByx-
NIOMMOBBIX IVIACTHH, KOTOPasl MOKeT OCHAIAThCs
mecTh0 DLI-ucnmapurtensaMu. B Poccuu, rge Hac
npeaCcTaB/lseT KOMIAHUs "MHUHaTeX", yCTAHOBJIEHO
HeCKOJIBKO MaIlllUH JJ11 OBICTPBIX TEPMUYECKHX IIPO-
LeccoB Mofenerd AS-One u AS-Master. JlymMalo, 4To
B b1rsKarimem 6ymyInemM pocCUICKHe UCCIe0BaTeIH
HAYHYT HUCII0/NIb30BaTh U HAIIMU pa3paboTKu B obia-
cTH DLI /11 TOHKOIIJIEHOYHBIX IIPOLIECCOB.

Humepebto: Jimumpuii Tyduaun

Mr. Laporte, what are the
opportunities and main fields
of application of equipment for
rapid thermal processes?

Rapid thermal processes can be
divided into three types: resident,
when the structure of the mate-
rial is modified by heating; surface
interaction, when a reactive gas is
added during the heating process
and rapid thermal CVD (RTCVD).
The first type of process is used,
for example, for implant anneal-
ing, ohmic contact annealing,
diffusion of dopants, the second
type is used for oxidation, nitrida-
tion, selenization, silicon carbon-
ization. RTCVD is used to obtain
thin films of graphene, hexagonal
boron nitride (hBN), polysilicon
and various silicon compounds.

Our company produces equip-
ment for research and develop-
ment and small scale production.
The maximum size of the wafersis
from three inches in AS-Micro sys-
tem to 200 mm in AS-Master. In
Zenith-100 system the maximum
temperature can reach 2000°C.

What are the advantages of the
Annealsys’ RTP-systems?

First, our systems are equipped with
a water-cooled chambers - a cold
wall chamber technology, which
provides precise temperature con-
trol, minimizes contaminations
of the environment, ensures low
memory effect, optimal mixing of
gases and their uniform distribu-
tion over the sample. This achieves
high reproducibility of the processes

Cucmema RTP/RTCVD AS-Master 041
naacmux duamempom 200 mm
AS-Master, 200 mm RTP/RTCVD system
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HOBASl YCTAHOBKA BE3MACKOBOW NA3EPHOM JIUTOrPA®UMN DWL 66+

Komnanusi Heidelberg Instruments Mikrotechnik (fepmanus) aHoHcuposana J—
OOHOBJIEHHYIO  BEPCUMIO  MOMYNAPHOA  YCTAHOBKW  NlasepHoM  6e3mackoBoi !
nutorpadum DWL 66+ [laHHas MoAenb npefHasHaueHa Ans 3agay HUOKP,
MENKOCEPUMHDIX 11 OMbITHBIX MPoW3BOACTB. DWL 66+ mo3sonsieT GopmupoBarh
TOMoNOrnyeckue  CTPYKTYpbl Ha  METa/NIM3VPOBaHHbIX  (OTOWA60HaX AN
MpOV3BOACTBA UHTErPIbHBIX 1 TMBPUAHDLIX MHTErPAbHBIX CXEM, A TAIOKE MO/YHaTh
CTPYKTYpbI HA MAACTUHAX Anst u3rotosneHns MIMC, brioM3MC, MHTerpupoBaHHOM
ONTUKK W APYrOA MPOAYKUMM. BO3MOXHO 3KCMOHMPOBaHUE MO (OTOPENCTY Wn
hoTOIMYNLCMN.

[ns obecneyeHns BbICOKOTOYHOrO MepeMelLeHNs MOANOXKM YCTAHOBKA
000pyA0BaHa CMeLMIbHON ONTUYECKON CUCTEMON 1 CUCTEMOIA MO3MLIMOHMPOBAHNS
MNOAIOXKK. [MONOXEeHUe KOOPAWHATHOTO CTONNKA KOHTPOIWPYETC BO Bpemst
3KCMIOHMPOBAHMS € MOMOLLbI0  MHTEPQEPOMETPUYECKOA CUCTEMbI  BbICOKOO
paspelueHns. OnTuyeckas cuctemMa CMOHTMPOBAHA HA MACCMBHOM PaHUTHOM
OCHOBAHUM.

[l OCTVOKEHMS! TOYHOCTY W CTABUHOCTH NAapaMeTPOB YCTAHOBKA OCHaLLEHa
CUCTEMOM MUKPOKAMMATA, KOTOpas MOAAEPXKMBAET CTabWMbHYIO Temmepatypy.
Cncrema aBTOQOKYCHPOBKN C MOACTPOIKOW Mbe30MOAYNEM 1 aKYCTOOMTUYECKVIM
MOZYNISTOPOM 06€CreyMBaeT BbICOKYHO paspeLuaiolLlyio CnocobHOCTb. CoBMelleHie
MOXHO peanu3oBbiBaTb B Py4HOM, MONYABTOMATUYECKOM W MOMHOCTbIO
ABTOMATH4ECKOM PEXVMAX. .

B 6230B0ii KOMMNIEKTALMN CUCTEMA OCHALLIEHA AVIOAHBIM J1a3epoM C AIMHOM
BOMHbI 405 HM 1 MOLLHOCTbIO A0 300 MBT, KOTOpbIi 06ecneymBaeT o 128 ypoBHeN 10 0,3 MKM (300 HMm);
3KCMOHMPOBAHNS. ONLMOHANLHO MOXKET 6biTb YCTAHOBNEH MOMYMPOBOAHWMKOBLIA ¢ B HEKOTOPbIX PEXUMAX CYLLIECTBEHHO MOBbILLEHA CKOPOCTb 3anmcK;

Y®-nazep (375 HM, 70 MBT). Takoke YCTAHOBKY MOXHO OCHACTUTL CMEHHBIMU IMH3AMU NS MIPOM3BOACTBEHHLIX W APYTUX 33ja4 MPeAYCMOTPEHa BO3MOXHOCTb YCTa-
C MAHUMANbHBIM pa3MepoM 3neMeHTa ot 0,3 40 4,0 MKM. SKCMOHMPYIOLLME roNOBKN HOBK 10 BYX KACCETHbIX CTaHLN.
MOrYT MeHSITbCS 0NepaTopoM MpK CMeHe MpoLiecca.
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B HOBYI0 BepCyto DWL 66+ BHECEHbI C/IeAYHOLLME YCOBEPLIEHCTBOBAHMS:
NPe/VIaraeTcs onuyus KCTOHMPOBAHIA C BICOKUM paspelueHuem HiRes ¢ Bo3-
MOXHOCTbHO MO/YYaTh MEMEHTbI C MAHUMAIbHLIM TONOAOTMHECKM Pa3MEPOM

000 "MUHATEX"

and the ability to work with heat-
sensitive materials. Second, our
equipment allows RTP under vac-
uum, which significantly expands
the possibilities of obtaining new
materials and structures. Finally, I
would like to mention the reliability
and durability of our equipment.

What are the features of
DLI-systems?

We began to produce DLI-systems
for thin film processes in 2011. The
use of direct liquid injection vapor-
izers offers the possibility of opera-
tion with a widest range of chemi-
cals, including low vapor pressure
and thermally unstable precur-
sors. In the same process chamber
it is possible to implement various
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processes including CVD, ALD,
MOCVD (metal-organic chemi-
cal vapor deposition), pulse pres-
sure CVD, rapid thermal pro-
cesses, RTCVD. Currently we are
producing equipment for wafers
with maximum size from 2 inch to
200 mm, which is focused primar-
ily on the R&D sector.

What types of equipment are
most in demand in the market?

We sell about 25-30 units per
year. The major markets are
Europe, including Russia, North
America and East Asia. In the
research centers the AS-One RTP
system is especially demanded.
It is available in versions for
100 mm and 150 mm wafers,

allows heating up to 1450°C, is
equipped with a cold wall cham-
ber system and can be equipped
with a turbo pump as an option.
Many manufacturers of MEMS
use our AS-Master system for
200 mm wafers. The multi pro-
cess MC-050, a two-inch system
with up to six direct liquid injec-
tion vaporizers, is our most popu-
lar DLI solution. In Russia, where
our partner is Minateh company,
several AS-One and AS-Master
RTP-systems are installed. I
hope that in the near future the
Russian researchers will start to
use our developments in the field
of DLI for thin-film processes.

Interview: Dmitry Gudilin



