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®dpaHuy3ckas komnaHus IBS (lon Beam Services) xopowio
M3BecTHa B Poccun 1M Bo BCEM MUpe CBOMMU CUCTEMAMU
MOHHOW WMMNNAHTauuM AnS NerMpoBaHuUs MOJyNpoBOA-
HUKOBbIX MAACTUH U 3NUTaKCUaNbHbIX CTPYKTYp. Ao 85%
o60pyaoBaHus IBS noctaBnseTcs Ha 3KCNOpPT, B TOM Yucie
B Hawy cTpaHy. Cucrembl cepuu IMC ans menko- u cpea-
HeCepumMHOro npou3BOACTBA, a TaKXe WUCCIefoBaHUN
M OMbITHO-KOHCTPYKTOPCKMUX pa3paboToK OT/IMHHO 3apeKo-
MeHpoBanu ce6s B HoBocubupcke, 3eneHorpage, Mockse.
Takxxe KOMNaHUSA BbIMyCKAaeT YCTAaHOBKW MJ1a3MeHHOM
MMMEpPCUOHHOW MOHHOM UMMIaHTauum PULSION, koTopble
XapaKTepusylTCcs Co4YeTaHMEM HU3KOW SHEepPrumM MOHOB
1 BbICOKOM A,03bl, CTAaBU/IbHOCTM NpoLLEcca U BO3MOXHOCTU
TOYHOIr0 KOHTpOAS rNy6uHbl neruposaHus. B 2017 roay IBS
npeacTaBuia HOBYIO paspaboTky — nnatdopmy FLEXion,
0 KOTOpOM HalleMy XypHajly pacckasa nepBbi 3aMecTu-
TeNb reHepasbHOro gupeKTopa, A-p >Xunb Martbe.

The French company IBS (lon Beam Services) is well
known in Russia and around the world for its ion
implantation systems for doping semiconductor
wafers and epitaxial structures. Up to 85% of
equipment manufactured by IBS is exported, including
to Russia. IMC systems for small- and medium-scale
production, as well as for R&D have proven themselves
in Novosibirsk, Zelenograd, Moscow. Also, the
company offers PULSION plasma immersion ion implantation systems, which are characterized
by a combination of low ion energy and high dose, process stability and the possibility of
precise control of the depth of doping. In 2017, IBS introduced a new development - the FLEXion
platform. The first deputy general director, Dr. Gilles Mathieu, explains the features of this
system.

TocnonuH MaTbe, KaKHe IIpeHMYyIIecTBa obecrie-
YHBaeT HOBas CHCTeMa HOHHOH HMIIJIAHTalluH?!

Bo-mepBbiXx, FLEXion mo3Bo/asieT BBIIIOJHSATH
MMIIJIAHTALIMIO OJHO3APSAAHBIX HOHOB C SHEPIrUSIMHU
o 400 xeB, 4TO B [Ba pa3a BHIIIE, YeM B YCTaHOB-
Kax cepuu IMC. 4 cuuTalo 3T0 3Ha4YeHKHe MaKCH-
MaJIbHBIM [/ IIPaKTHUYECKOrO KMCIIOJb30BaAHMS,
[IOCKOJIbKY JajibHeHIlee yBeJH4YeHHe dHEepPTHUH
IIpUBeIET K BEICOKOMY HarpeBy M BO3SHHKHOBEHUIO
CHJIBHOTO P@HTIeHOBCKOIO U3/1y4eHH . Bo-BTOPHIX,
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ec/id paHee B HallleM o60pyZOBaHUHU pa3pelleHHUe
1o macce M/AM cocrtasisiuo 100 equHHL, TO Tellepb
OHO yBenH4YeHo 70 150. ITpu sTom FLEXion mo3Bo-
NseT UMIUIAHTUPOBATh OOJIBIIMHCTBO 3IeMEHTOB
IepuogUYecKor Tabnuiel. TpeTbe NPeUMYyIIEeCTBO
HOBOM CHCTEeMBI ~ yBeJIMUeHHOe BpeMs 3KCIlJIyaTa-
LMY UCTOYHKKA HOHOB MeXy 06C/Iy>KUBaHUSIMHU.
Ecnu paHbIle 3TOT IIepuof He mmpeBbimnan 40 4, To
Terneps, 61arofapsa HOBOM KOHCTPYKIMH C pa3Melre-
HHEeM HHUTH KaToJa BHe HOHHM3aLlMOHHOMN KaMepBHl,



COMPETENT OPINION

oH pocturaet 300 4. M, HaKOHeIl, YeTBepTOe IIpeu-
MYIeCTBO HOBOX MOJesIH — IIPpUMepHO Ha 20% Hoiiee
BBICOKH I TOK HOHHOTO ITyuKa. CiaeayeT ocobo oTme-
TUTh, YTO HAPAAY C PaCIIMPeHHBIMU BO3MOXKHO-
CTIMU U YIYYIIeHHBIMHU XapaKTePUCTUKAMMU, HOBAS
MoJle/lb UMeeT MeHBIIYIOo LieHY, ueM Y 060pynoBaHUS
KOHKYPEeHTOB.

Ha KaKkHe cerMeHTBI pplHKa OpHEHTHPOBaHa HOBasl
cucrema?

FLEXion onTuMabHa A5 HAyYHBIX UCC/IeJOBaHHUI,
Ppa3paboTKky HOBBIX IPHOGOPOB, IPOTOTUIIHPOBAHHUS,
BBIIIYCKA IIPOOHBIX, MaJIbIX U CPeIHUX CEPUM IIPO-
AyKUHUKU. OfHa Takas cUcTeMa y>Ke yCTaHOBJIeHa,
BTOpas OymeT BBeJeHA B 3KCIIIyaTaluio B KuTae,
TpeThs - B UHAUU.

B KaKHX HaIlpaB/JIe€HHSX IIAHHUPYETCA Pa3sBUBaTh
o6opynoBaHHe H TeXHOIOTHH IBS?

OnHa 13 HalllKX LleJiel — CTaTh BeyIIUM I10CTaBIIH-
KOM CHCTeM MOHHOM MMIUIAHTALWUH JJIS IPOU3BOJ-
cTBa npub0OpoB Ha Kapbue KpeMHHS. DTOT CETMEHT
PBIHKA CPaBHUTEJIBHO MaJl, HO HMeeT YCTOMYHBYIO
TeHAEeHILHIO K POCTy, npu4yeM mocie 2020 roma ero
pa3sBUTHE MOXET pe3K0o yCKOPUThCSA. BmecTe ¢ TeM,
NIpOU3BOACTBO NpubopoB Ha Kapbume KpeMHHUS
XapaKTepHu3yeTcs ClelHaJbHBIMHU TPe60OBaHUSIMU
K 060pyZOBAHMIO U TeXHOJOTHIM, 4TO obocabnu-
BaeT 3Ty HUILY U Je/aeT ee MaJOMHTePeCHOU /s
pa3paboTumnkoB 060pyOBaHM S, OPUEHTHUPYIOIIUXCS
Ha KpyIHble $pabbl U MaccoBoe MPOU3BOACTBO. MEI
>Ke TOTOBBI IPeAJI0KUTD JeHCTBUTeNbHO 3G YeKTHB-
Hble pellleHHs [/Is1 HOHHOTO JIeTHPOBAHUS Kapbuma

KpeMHUs, B TOM YHCIe Ha 6a3e HOBOM I1aTGOpMEL
FLEXion.

Bropast uHTepecHas 061acTh A/ HAC - HOHHAS
UMIIIaHTalnus 3D-cTpyKTyp. TpagHILIMOHHEIE TeX-
HOJIOTUY MOHHOM UMIIJIAaHTALMH OPHUeHTHPOBAHBI
Ha IJIaHapHbIe CUCTEMBI U ITpU 06paboTke Tpexmep-
HBIX CTPYKTYP CTaJKHUBAIOTCS C psAOM IpobieM.
M3l pacmosnaraeM ONBITOM CO3LaHUS 060pymoBa-
HHS Ha 6a3e IJ1a3MeHHON UMMePCHOHHON HOHHOM
MMIIJIAaHTALM K, KOTOpasi 103BOJIsieT KOHTPOTIHPyeMO
JIeTUPOBATh B TOM YHCJIe 60KOBbIe CTEHKH CJIOSKHBIX
HaHOCTPYKTYP.

Jlymaro, 4To yKa3aHHBle HallpaBleHUs obecIie-
YaT HOBble MMITYJIBCHI /ISl Pa3BUTHUS KakK OTPaCiIU
B LIeJIOM, TaK U HaIllesl KOMIIaHHH.

Kak BBI OlleHHBaeTe MepPCIeKTHBBI Pa3BUTHS POC-
CHFCKOIO IO/YyITPOBOAHHUKOBOIO PhIHKa?

SI CYMTal0, YTO POCCUICKHE IPefIpPUITHS BPSL, TH
CMOTYT GBITH KOHKYPEHTOCIIOCOBHBIMH B 0671aCTH Mac-
COBOTO IIPOM3BOACTBA IPHUOOPOB AJIsL GBITOBOM 3/IeK-
TPOHHUKH, I1I03TOMY UM Lie/1ecoobpa3HO COCPeSOTOYUTh
CBOM YCHJIMSI Ha BBICOKOT@XHOJIOTMYHBIX PeIleHHUSIX.
Poccusi - OMH 3 MU POBBIX JTH/IEPOB B 06/1aCTH HCCTIeI0-
BaHU [IOJIIIPOBOIHUKOB, U pa3paboTKa HOBBIX ITPH60-
POB Ha OCHOBe MOTHUPUIIMPOBAHHBIX MaTEPHAJIOB MOKET
CTaTh JEHCTBUTEIHHO [IPOPBIBHBIM HaIIpaB/IeHHeM. MbI
Y HAIlY IIapPTHEPHI U3 KOMIIAaHUM "TeXHOMHOO" ITpHIIo-
SKMM MaKCHMYM YCHTHE, YTOOBI COIEICTBOBATh Pa3BU-
THIO HAYYHBIX HHCTUTYTOB U IPEIIPHUSTUH POCCHI-
CKOHFl MHKPO- U HAHO3/IEKTPOHHUKH.

Humepeuto: Jmumpuii Tyduaun

Mr. Mathieu, what are the
advantages of the new ion
implantation system?

First, FLEXion allows implan-
tation of singly charged ions
with energies up to 400 keV,
which is twice as high as in the
equipment of IMC series. I con-
sider this value to be the maxi-
mum for practical use, since a
further increase in energy will
lead to high heating and the
appearance of strong X-ray radi-
ation. Secondly, if earlier in our
equipment the mass resolution
M/AM was 100 units, now it is
increased to 150. In this case,

FLEXion allows to implant most
of the elements of the periodic
table. The third advantage of the
new system is the extended life-
time of the ion source between
services. If earlier this period
did not exceed 40 hours, now,
thanks to a new design with
placement of the cathode out-
side the ionization chamber, it
reaches 300 hours. And, finally,
the fourth advantage of the new
model is about 20% higher ion
beam current. It should be spe-
cially noted that, along with
expanded features and improved
capabilities, the new model has a

lower price than that of competi-
tors' equipment.

On which market segments is
the new system oriented?

FLEXion is optimal for scientific
research, development of new
devices, prototyping, production
of small and medium series of
products. One such system has
already been installed, the sec-
ond will be put into operation in
China, the third - in India.

What are the areas of develop-
ment of IBS' equipment and
technologies?
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One of our goals is to become a lead-
ing supplier of ion implantation sys-
tems for the production of silicon
carbide devices. This segment of the
market is relatively small, butit has
a stable tendency to grow, and after
2020 its development can dramati-
cally accelerate. At the same time,
the production of silicon carbide
devices is characterized by special
requirements for equipment and
technologies, which detaches this
niche and makes it less interesting
for developers of equipment that
focus on large fabs and mass pro-
duction. We are ready to offer really
effective solutions for ion doping of
silicon carbide, including, on the
basis of the new FLEXion platform.

The second interesting area
for us is the ion implantation
of 3D structures. Traditional
ion implantation technolo-
gies are oriented to planar sys-
tems, and when dealing with
three-dimensional structures
they face a number of prob-
lems. We have experience in
creating equipment based on
plasma immersion ion implan-
tation, which allows you to con-
trol the doping process, includ-
ing in the side walls of complex
nanostructures.

I think that these areas will
provide new impulses for the
development of both the indus-
try as a whole and our company.

How do you assess the prospects
for the development of the Russian
semiconductor market?
I believe that Russian enterprises
are unlikely to be competitive in the
mass production of consumer elec-
tronics devices, so they should focus
their efforts on high-tech solutions.
Russia is one of the world leaders in
semiconductor research, and the
development of new devices based
on modified materials can become
a truly breakthrough area. We and
our partners - Technolnfo Ltd. will
do our best to promote the develop-
ment of scientific institutes and
enterprises of Russian micro- and
nanoelectronics.

Interview: Dmitry Gudilin

B MIY UMAUBEAYTCA UCCIEAOBAHUA NOBEAEHUA BAKYYMHOI'O MAC/IA B KOCMOCE

CoTpyAHMKM  HayyHO-MCCNIEAOBATENbCKOTO  MHCTUTYTAa  MeXaHWKu
MY umenm M.B.JTomoHOCOBa 1 LIeHTpa HOBbIX KOCMMYECKMX TexHonoruin MAV
onucanvu noBeaeHne CBO6OAHOM XMAKON NAEHKM B OTKPLITOM KOCMOCE.

YCTONYMBOCTbL MAEHKM KVAKOCTI B OBbIYHBIX YCIOBMSIX 3aBUCUT B OCHOB-
HOM OT TOrO, KaK OHa B3aMMO/EICTBYET C OKPYXAIoLMM BO3AyXoM. Hanbonee
CYLLECTBEHHDbIM 3QdEKT — TaK Ha3blBaeMas HeyCcToMYMBOCTb KebBMHA-
[enbMro/ibLa — BO3HUKAET M3-3a TPEHWUS XMAKOCTM O BO3AYX, KOrAA pasHoCTb
CKOpOCTeid [iBYX CPeA MpWBOAWUT K MOSBAEHWIO HA MOBEPXHOCTW XMAKOCTY
psibu, BO3HUKHOBEHMIO BOH, CPbIBY Karenb W T.4. ABTOpbI HOBOIO UCCEn0-
BaHMS TEOPETIYECKM U3yumin, Kak ByAeT BeCTu cebs cBobOAHAS MAeHKa XA
KOCTW B Bakyyme, KOrja OTCYTCTBYeT B3aUMOZEMCTBIE C OKPYXKAIOLLEH Cpe-
[0iA. ViccnegoBaHne npoBefeHo HA MpuMepe Tak Ha3blBAeMoro BakyyMHOMO
Macna — XUAKOCTH, y KOTOPOW BS3KOCTb, TENNOMPOBOAHOCTL M MOBEPXHOCT-
HOE HaTSHKEHMe CYLIECTBEHHO 3aBUCAT OT TemmepaTypbl (Takve XMAKOCTH
MCTIONb3YIOTCS, HAMpUMep, B NapOMACAHbIX HACOCAX).

Ha npakTuke 3HaHWe MOBELeHMs XMAKOCTEA B YCIOBUSIX OTKPLITOrO KOC-
MOCa HEOBXOAVIMO /1S Pa3BUTHS HOBBIX TEXHOMOMMi OXNXKAEHMS KOCMUYECKMX
annaparo. B nepcrexTyBe Ha KOCMUYECKIX annapaTax AMTebHOr AEUCTBIS
MOrYT HauaTb MPUMEHSTb TaK Ha3blBaeMble KanebHble paguaTopbl-OXaau-
TeNu, B KOTOPbIX XWAKOCTb CUCTEMbI OXMKAEHUS MPOMYCKAETCA Yepes Cre-
LmanbHble GOPCYHKM 1 Kanasmy BLIGPACLIBAETCA B OTKPLITBIM KOCMOC. 32 CHeT
60NbLLOM CyMMAPHON MOBEPXHOCTY MeKIX Kanenb YAIETC JOCTUYDL BbICOKOW
3deKTUBHOCTI OXNKAEHMS XMAKOCTM. B TO Xe Bpems BO3HUKAeT npobnema
cbopa Kkanenb 1 Bo3BpaTa XMAKOCTM Ha BOPT KOCMUYecKoro annapara. OfHo
13 pelLieHmit — nonpoboBaTh COBMpaT OCTHIBLUME KAM/W HA CNELMAbHYHO XA
KyI0 neHKky. Mpobneme YCTONYMBOCTY TeyeHusl Tako! NAEHKN B OTKPLITOM KOC-
MOCe W NMOCBSILLIEHO UCCenoBaHue cneLmanuctoB MY n MAW.

"OBbIYHO XIUAKNE CTPYW M MNEHKM 04eHb BLICTPO pa3bUBAIOTCA HA Kanam
U3-33  HeycTOMYMBOCTM KenbBMHA-TeNbMrobLa, CBS3AHHOW C TPeHuem
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0 BO3ZYX. B KoCMoCce 3Ta HeyCTOMYMBOCTL MCHE3AeT, MO3TOMY Heobxoaumo
WNCCNIeR0BaTh APYrue BOMOXHbIE MPUYMHDI (parMeHTaumn XUAKOCTA. Mbl
BLISCHW/IM, KaKMe eLLe HeyCTOYMBOCTM MOTYT MPOSIBUTLCS B XKVAKOA NeHKe
B YC/IOBUSIX, KOTZA HET OKPY)KAIOLLETO BO3ZLYXa, HO TeYeHIe CyLLIECTBEHHO Hen-
30TepMUYeCKoe 13-3a M3/Iy4eHNS TeMa C NOBEPXHOCTM MAEHKN', — pacckasan
npodeccop Anekcanap OcunLioB, 3aBeayioLMid 1abopaTopuin MeXaHUKIA MHO-
rodasHbix cpeg HAW mexaHmky MIY.

C NOMOLLbO KTACCUYECKIX MOAXOAO0B TEOPUI MVAPOANHAMUYECKOM YCTO-
YMBOCTM WCCNEN0BATENN MATEMATUYECKI OMMCANN MOBEAEHME MNEHKN BakyyM-
HOT0 Mac/1a B OTKPBITOM KocMoce. OKa3asoch, Y0 B OTCYTCTBYE TPEHIS O BO3AYX
Ha4MHaIOT MPOSIBNSTLCS HEYCTONYMBOCTH, CBS3aHHbIE C FP3AMEHTaMM BA3KOCTU
1 TIOBEPXHOCTHOTO HATSOXEHNS. BCnenCTBue M3nyyeHus Tennia BO3HNKAET Heof-
HOPOAHOCTb TEMMEPATypbl Kak HA MOBEPXHOCT, TaK W BHYTPU MAIEHKM, YTO Mpu-
BOAWT K HEOHOPOAHOCTY BSI3KOCTH M MOBEPXHOCTHOTO HATSKEHNS 11 SBNSETCS
MPUYNHOI MOSIBNEHNS HOBLIX MEXaHI3MOB HEYCTONYMBOCTH.

VccnepoBarenin MaremMaTuyeckn OMMCAN BO3HUKHOBEHWE HEyCTONYM-
BOCTE/ B MOTOKE XXWMAKOCTM, W3y4WaW, KakvuM 06pa3oM KOPOTKOBOSHOBbIE
W [IVHHOBONHOBLIE BO3MYLUEHMS Pa3BMBAIOTCA BO BPEMeHW, OMpesenun
Haubosnee onacHble TUMbl BO3MYLLEHWNA. B AanbHeiweld paboTe yyeHble nia-
HUYIOT MPOAOMKUTL Pa3BUTWE TEOPETUYECKOW MOAENM M omucatb bonee
CNOXKHbIE MPOLIECCHI, KOTOPbIE MOTYT BO3HUKATh B CUCTEME.

“MoKa Mbl UCCNE0BAMA MATbe BO3MYLLEHIS W HALLAW YCIIOBMS, MU KOTO-
PbIX OHIN M3MEHSIOTCS WM CTABMbHLI, ONPEAeNA KPUTEPUI HEYCTOUYMBOCTH.
B JanbHelilueM HyXHO pewwarb 6onee CoXHbIE 337a4M, UCCIeR0BaTb Kak pas-
BMBRIOTCS BO3MYLLIHMS HA HEMHENHON CTaZM, 33 KaKoe Bpemsl B MIeHKe BO3-
HIKQOT HEOAHOPOAHOCTY TOALLMHBI 1 “AbIPKY", KaK BbICTPO MIEHKA MOXET pac-
NafaTbCsl Ha Kanau, a mMasHoe — He0bXoAUMO HayHUTLCS YPaBASTH MPOLIECCOM
W CTRBUNM3VPOBATH YCTOMYMBLIA PEXMM TeuyeHus", — f06aBma A.OCUNLB.
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