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OCHOBHM LIe/IU

e YCBBBPIIEHCTBAaHe Ha Bede ChblLIeCTBYBalllMA Hay4YeH NOTEHLMaJ Ha
WHcTUuTyTa o pusnka Ha TBBPAOTO Tsi1o npu BAH.

e [loBullaBaHe Bb3/JeMCTBUETO HAa CBTPYAHUYECTBOTO MeXJAy Hayd-
HUTE KoJIeKTUBH oT npoekta UHEPA B k/1040BM 06/1aCTH HAa HAaHO-
TEeXHOJIOTUUTE C HAYYHU U HEHay4YHU NpeJiCTaBUTEM B paMKHUTe Ha
EBpomnenckoTo u3cie0BaTe/ICKO NIPOCTPAHCTBO U B peTHOHA.

e PeasiM3upaHe Ha MePKH U JIeMHOCTH 3a 3alljUTa Ha MHTeJIeKTyaJ/IHaTa
COGCTBEHOCT U MHOBALMOHHUA KaNalUTeT.

OuyakBaHHU JelCTBUA

o Tpancdep Ha 3HAHUA U OOMSIHA HA ONMMUT Ype3 TPAaHCHAIMOHAJHA
JIBYIIOCOYHA MOOMJTHOCT Ha Hay4YHHUs NepcoHas Mexay UHcTuTyTa u
[apTHUpALIUTEe OpraHru3aLuu.

e HasnayaBaHe Ha y4€HHU C roJidM OIIUT.

¢ Jlopo6psiBaHe Ha MaTepuaJiHaTa 6a3a Ha MHcTUTYTa Ypes 3aKkynyBa-
He Ha HOBO 060pYy/IBaHe.

L4 OpI‘aHI/ISI/IpaHe Ha MeEpOoNpUuATUd — KOH(l)epeHL[I/II/I U JHU Ha OTBOPEHU
BpaTH C [jeJ1 ClioJeJidHE HAa SBHAHUA U IPOMOTHPAHE Ha TPOEKTA.

o [logoGpsiBaHe HA MHOBALMOHHUSI TIOTEHIMAJI Ype3 pa3BUTHe HA CTpaTe-
rys 3a yIpaBJIeHHe U 3al1Ta Ha UHTEeJIeKTyaHaTa COOCTBEHOCT.

EdpexTu

e [loBumaBaHe Ha noteHnuasa Ha UOTT u unTerpupane B EBpomneit-
CKOTO U3CJIe[lOBaTeJICKO IPOCTPAHCTBO.

e AKTHUBHO y4yacTHe B MPeXHU OT U3sIBEHU MHCTUTYLUU Ha HALLUOHAJIHO
Y eBPOIEeNCKO HMBO 3a N10-epeKTUBHO y4YacTHe B eBpOIleHCKUTe NPOo-
rpaMu.

e [IprHOC K'bM UKOHOMMKAaTAa U COL{MAJIHOTO Pa3BUTHe HAa perroHa.

U3cieaoBaTe/ICKU U PAGOTHU IPynu

PI'l -T'padeH 1 BBIriiepoJHA HAHOTP'bOUYKU:
U3pacTBaHe U BHeApsABaHe

Lesita Ha PI' 1 e 1a HaTpyIla TeXHOJIOTUYEH ONUT U HOY-Xay 3a Bb3IPO-
M3BO/JIMMO M3pacTBaHe Ha HUCKOPA3MePHU CTPYKTYPHU U XeTEPOCTPYK-
TypH Ha OCHOBATa Ha rpadeH v B'bIJIEPOHU HAHOTPBOUUKH, KaTo Npej-
MOCTaBKa 3a YCHEUIHOTO MPUJIOKEHHE HA T€3U MaTepHUaJu B MJaHAPHU
MYJTUDYHKIMOHAJIHU HAHOCTPYKTYPH.

Poskoeodumeu: doy. II. Pagpausoe



Key Objectives

e Improve the existing research potential of the Institute of Solid State
Physics at the Bulgarian Academy of Sciences.

¢ Increase the impact of INERA teams’ interactions in key technologies of
nanosciences, with scientific and nonscientific representatives, within
the European Research Area (ERA) and the region.

¢ Implementmeasuresandactivitiesto protectthe Institute’s Intellectual
Property and Innovation (IPI) Capacity.

Expected Actions

e Transfer of know-how and exchange of experience through two-way
mobility of research staff between the Institute of Solid State Physics
and its Partner Organizations.

e Recruitment of experienced researchers.

e Upgrading and acquisition of research equipment.

e Organisation of workshops, conferences and Open days - dissemination
and promotional activities - for knowledge sharing and higher
visibility.

¢ Improved innovation potential by developing a strategic Intellectual
management plan and Intellectual Property protection.

Goals

e Take full advantage of opportunities offered at national and/or EU
level.

¢ Integrate a network of high level institutions - on the national as well
as the European levels - to boost participation in EU programmes.

¢ Contribute to regional economic and social development.

Research & Work Groups

WG1 - Graphene and carbon nanotubes:
growth and implementation

WG1 aims at gaining expertise in growing reproducibly novel graphene-
and carbon-nanotube based low-dimensional structures deposited on
large-area substrates as a prerequisite for successful implementation in
planar multifunctional nanostructures.

Leader: Assoc. Prof. P. Rafailov



PI'2 - MarHeToe/IeKTPUYHUA MOHOKPHUCTAJIA
U MarHeTPOHHO-pa3sNnpalleHy ThbHKHU CJIOeBe U TAXHOTO BHeApsABaHe

H3scnenoBaTtesckuTe Leau Ha PI'2 ca uspacTBaHe U oxapaKTepusupa-
He Ha 2D u 3D TBHKU cJloeBe 4pe3 MOCJOMHO aTOMHO oTyaraHe (ALD),
M3pacTBaHe Ha rpadeH NOCpe/[CTBOM MJIa3MEHHO CTUMYJHUPAHO XUMHU-
YecKo OoT/iaraHe OT rasoBa ¢asa u GpopMHpaHe HA HAHOCTPYKTYpH 3a
CIIMHTPOHUKATA 110 peiBapUTENHO 3a/1aJeHU TapaMeTPU Ha OCHOBATa

Ha rpadeH ¥ TOMOJOTMYHU U30JIaTOPH.
Pwskosodumen: npog. dgpn M. 'ocnoduHos

PI'3 - EJIeKTpOXpPOMHHU NPUGOPHU:
»YMHH MIPO30PLHU"“ M eJIEKTPOXMMHYHO pa3je/isiHe Ha BoAaTa

OcHoBHa nesa Ha PI'3 e npusioxkeHMeTO Ha UHOBAaTUBHU TEXHOJIOTHUU 3a
MoJiy4aBaHe Ha TBHKH CJI0O€Be OT OKCU/JM Ha NpeXOJHU MeTajJu U MO-
JUubHIMpaHeTO HAa ONTUYHUTE UM CBOMCTBA C LieJl ONTUMHU3UpaHe Xa-
PaKTEPUCTUKUTE Ha eJIEKTPOXPOMHUTE NIPUOGOPH U TIXHOTO Bb3MOXKHO

NPOMHUIIJIEHO PUJIOKEHHE.
Poskosodumen: npog. dpn K. lewesa

PI'4 - HaHOMeMOpaHU U TEYHO KPUCTAJHU CTPYKTYPH:
U3cJjiejBaHe U NPUI0KEeHUs

N3cnenBanusTa Ha PI'4 ca dokycupaHUu BbpXy TEMU B 06J1acTTa HA PU-
3MKaTa Ha TEPMOTPOIHUTE U JTUOTPONHUTE TEUHOKPHUCTAJIHU CUCTEMHU.
E/lHa OT OCHOBHUTE 1leJI1 Ha rpynaTa e /ja pa3luupAT HaJUYHUTE JJaHHU
3a B3aUMO/IeUCTBUETO HAa MeKaTa MaTepus C HAHOCTPYKTYPHU OT pa3Jiu-
YeH BUJ| U CbCTaB, 3a /Ia Ce Ch3/1a/laT U 0XapaKTepu3upaT pa3JIMdHU Ha-
HOKOMIIO3UTHU UHTEJIUTeHTHU MaTepuaJiu U a Ce U3CJeJBaT B'b3MOX-

HOCTHTE 3a TAXHOTO MPHUJIOKEHHE.
Poskosodumean: doy. H. MapuHos

PI'5 - J/lazepu u J1a3epHO OT/iaraHe Ha HAHOCTPYKTYPH

JeriHocTTa Ha PI'5 e cB'bp3aHa OCHOBHO C U3rpakaHe HA GeMTOCEKYH/I-
Ha Jla3epHa CUCTeMa, KOITO CbBMECTHO C HaJIM4HUTe B UHCcTUTYTA Na3e-
pH, perucTpupalla 4 clieKTpaJiHa alapaTypa, Lje ce U310J13Ba 3a Jla3ep-
Ha MUKpP0OO6paboTKa Ha MaTepHaIu U MoAuULMpaHe HAa TOBBPXHOCTH,
OT/laraHe Ha TBbHKHU cJioeBe U popMUpaHe Ha HAHOCTPYKTYpH, 3a Oxa-

paKTepu3UpaHe U aHAJIW3 Ha PAa3JIMYHU MaTEPHAJIH.
Pskosodumeun: doy. T. [lempos



WG2 - Magnetoelectric single crystals and magnetron-
sputtered thin films structures and their implementation

The research aims of WG2 are growth and characterization of 2D and
3D magnetic thin films by Atomic Layer Deposition, graphene growth
by Plasma Enhanced Chemical Vapour Deposition and tailoring of novel
nanostructures for spintronic device applications based on graphene and
3D and 2D topological insulators.

Leader: Prof. M. Gospodinov

WG3 - Smart window-electrochromic devices
and electrochemical splitting of water

The basic goal of WG3 is the application of novel technologies for the
preparation of transition metal oxide films and the modification of
chromogenic properties towards the improvement of the electrochromic
device parameters for possible industrial deployment.

Leader: Prof. K. Gesheva

WG4 - Nanomembrane and liquid crystal nanostructures:
research and applications

The research of WG4 is focused on topics in the field of physics of
thermotropicandlyotropicliquid crystal systems, including the biophysics
ofsoftandliving matter. One of the main objectives of the group isto expand
the available data on the interaction of soft matter with nanostructures
of different type and composition in order to produce and characterize
combined nanocomposite high-level smart materials and facilitate their
application.

Leader: Assoc. Prof. Y. Marinov

WG5 - Lasers and laser assisted annealing of nanostructures

WG5S activities are related to the construction of a femtosecond laser
system. This system, together with the already available at the Institute
lasers and spectral-and-measuring equipment, will be used for laser
micromachining and surface processing of different materials, thin film
deposition and production of nanostructures by PLD, for laser cleaning,
characterization and analysis of various materials.

Leader: Assoc. Prof. T. Petrov



HAYYHO OBOPYABAHE

EnHa oT ocHoBHUTe 3aa4yu Ha npoekta UHEPA e B 1a6opaTopunTe Ha
WHcTuTyTa no ¢u3uKa Ha TBBPAOTO TSAJIO Ja Ce MPOBEXJAT U3CJeLBaHUS
Ha BUCOKO HAay4YHO HUBO. 3a Ta3H LieJl Ipe3 I'bpBaTa roiMHa OT CTapTHUpaHe-
TO Ha NMPOeKTa 3alo4Ha NMpoleAypa 3a 3aKylyBaHe Ha CBPbXMOJIEpPHO 060-
pyZBaHe, KOeTo lie 6'b/ie M3I10JI3BAHO 3a [10JlyYaBaHe U XapaKTepU3upaHe Ha
MHOTOQUHKIIMOHA/IHU HAHOCTPYKTYPU Ha OCHOBATa Ha rpadeH U BbIJIEPOJ-
HU aJIOTPOIU U OT MeKa MaTepusl.



RESEARCH EQUIPMENT

One of the main tasks of the project INERA is to modernize the laborato-
ries of the Institute of Solid State Physics aiming at performing high quality
research. To this end during the first year of the project a number of cutting
edge devices were purchased and delivered at the Institute. This equipment
will be used for synthesis and characterization of multifunctional nanostruc-
tures based on graphene and carbon allotropes, as well as soft matter.



ABTOMATHU3UPAHA MUKPODJIYUTHA
CUCTEMA U KOMITAKTEH HUTOMETbBP

MukpodayuaHara cuctema CellASIC™ ONIX, Merck Millipore naBa BBb3-
MO>KHOCT 3a WIMPOK KJac U3cje/jBaHHUS HAa KMHeTHKaTa Ha pa3JIMYHU OGHO-
JIOTUYHHU 00EKTH M aBTOMATU3UPAHO NpocJe/siBaHe U aHaJIM3 Ha MPOLECH,
IpOTHYAIlY B )XUBU KJIETKU B NPOABJKUTEJEH BpeMeBU MHTepBaJ. MHO-
BaTHMBHATa TEXHOJIOTUsI HA 3aKyIIeHOTO YCTPONCTBO N03BOJIsIBA U3BbPILBA-
He Ha BHUCOKOKayeCTBeHAa MHUKPOCKOIIMSI Ha KJIETbUYHHU KYJTYPH, OCUTypsiBa
MaKcHMaJieH KOHTPOJI Ha KJeTb4YHaTa MUKpocpeJia U JlaBa Bb3MOXHOCT 3a
M3KJIIOYMTENHO Npeny3Ha nepdysus (KOHTOPJIMPYeMO BIPBbCKBAaHE Ha akK-
THUBHU CbCTAaBKH B OKOJIOKJIeTbYHATA Cpeia).

HoBonpugoburaTta npucTaBka, eJUHCTBeHa B bbiirapus, npejJara pas-
HOOOpa3HU NPUJIOKEHUSI B IMPOK JUalla30H OT M3CJe[0BaTeJICKH 06J1acTH
OT MUKpo6UoJIorusiTa npe3 6uodpusrkaTa o MeJMIIMHATA.

KoMmaKTHUAT pbuyeH HUTOMeTHP Scepter 2.0 ocurypsiea 6'bp3, npenu-
3eH U y/l00eH MeTo/, 3a NpebposiBaHe U aHAJIM3 HA KJIETKU U YaCTHULU B LIU-
POK JMana3oH OT pasMepHy Ha U3cJeJBaHUTe 00eKTU. YCTPOUCTBOTO Npej-
CTaBJIIBA MUKpOINUIIeTa C JUCIeld, Ha KOUTO 3a BpeMe N0/, eJJHa MUHYTa ce
noJjyyaBaT: HHoOpMaLMs 3a KOHLeHTpaLusiTa, CpeJJHUs pa3Mep U 06eM, a
TaKa Cbl0 U pa3npe/ieieHHeTO 0 pa3Mepy U 06eM Ha U3cJeBaHaTa KJle-
T'bYHA Ky/ATypa. [lolyyeHUTe JaHHU MOTAT ja 6'b/1aT JIECHO IPEXBbPJIEHU Ha
nepcoHaJieH KOMINIOTbP 3a Nocie/Bally 06paboTKa U aHaJIN3.




AUTOMATED MICROFLUIDIC PLATFORM AND
AUTOMATED HANDHELD CYTOMETER

The CellASIC™ ONIX Microfluidic Platform with its novel beneficial fea-
tures gives multiple opportunities for long-term live cell analysis experiments
by combining the highest precision control, maximum functionality and sim-
plified user operation. Cutting edge microfluidics technology provides an im-
proved cell culture microenvironment control, exceptional quality for high
magnification microscopy, and superior media switching capabilities.

The newly delivered system renders a variety of possible applications as
3D cell culture, migration in reponse to chemogradient, cell response to chang-
ing media conditions, neural stem cell analysis, host-pathogen interations, bac-
teria and yeast single cell response, hypoxic conditions to mimic tumor envi-
ronments.

The Scepter 2.0 handheld automated cytometer provides a fast, con-
venient and accurate method for counting cells and particles in a wide range
of object diameters. The cytometer is compact, easy to handle digital micropi-
pette, on the screen of which for less than a minute information connected to
the cell concentration, average size and volume, as well as size and volume cell
distribution is displayed. The obtained experimental data is easily transferred
to a PC for further processing and analysis.
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ABTOMATHUYEH CIIEKTPAJIEH EJIMIICOMETBP

ABTOMaTHUYHHUAT crieKTpaJieH eauncomeTsbp Tun M2000D Ha koMnaHu-
sata Woollam e yHukasiHa anapaTypa, eAMHCTBeHa Jocera B bbarapusa. Ta
ce M310J/13Ba 33 ONITUYHO XapaKTepu3npaHe Ha T'bHKU JAHEJIeKTPUUHH, TIOJY-
MPOBO/HUKOBH, METAJIHU U OPTAHUYHU CJIOEBE, HA MHOTOCJIOWHU CTPYKTYPH
Y Ha TeYHU 06pasIy.

CneKTpaJIHUAT AUana3oH, B KOUTO pa6oTu cuctemara (oT 195 nm fgo
1000 nm), e 0coGeHO MOAXO/ISAIN 32 ONpe/iesIsiHE Ha ONMTHYHUTE KOHCTAHTU U
Jle6eJIMHU Ha MOy POBOJHUKOBU U OKCUHU CJ0EBE.

BaxHa XapaKTepUCTHUKa Ha NPUJ0OUTHUS eJIUIICOMETbD €, Ye B 06J1acTTa
Ha K'bCUTe AbJXKUHU HAa BBJIHUTE UYYBCTBUTEJHOCTTA Ha NpUbGoOpa ce MOBU-
I1aBa U M03BOJISIBA XapaKTepU3UpaHe Ha MPOOH OT CBP'bXT'bHKHU CJIOEBE C Jie-
ey o 1 nm.

C moMolTa Ha NIPOBeJIEHUTE eJIUIICOMETPUYHHU M3CJIeBaHUSA MoraT /a

ce onpezieJIAT ONTUYHU KOHCTAHTH, CbCTaB, CTelleH Ha KpUCTaJIu3alUs, aHU-
30Tpomus, MOBbPXHOCTHA U MHTepdelicHA rpanaBocT U Jp., KAKTO U JaTe-
paJIHM HEXOMOT€HHOCTH Ype3 aBTOMAaTUYHO CKaHUPaHe Ha o6pasena.
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AUTOMATIC SPECTROSCOPIC ELLIPSOMETER

The unique laboratory automatic spectroscopic ellipsometer (M2000D,
Woollam), the first of its kind in Bulgaria, will be used for optical characteriza-
tion of thin dielectric, semiconductor, metal and organic layers and multilayer
structures, as well as liquid samples. The spectral range of 195-1000 nm is
especially suitable for determining the optical constants and thickness of
semiconductor and oxide films.

An important feature of this device is that at short wavelengths its ca-
pabilities are automatically enhanced allowing to perform measurements on
samples of ultrathin films with thicknesses going beyond 1 nm.

Using ellipsometric measurements it is possible to determine properties,
such as optical constants, composition, crystallinity, anisotropy, surface and
interface roughness, etc. Furthermore lateral inhomogeneity can be registered
by automatic sample mapping.
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INPEHOCHUM INOTEHLUNOCTAT U I'AJIBAHOCTAT

SP-200 Bio-Logic e koMIIaKTHa U MOLJHA anapaTrypa 3a U3cJeJBaHUA B
06Js1aCcTTa Ha eJIeKTPOXUMHUSATA. MoJepHaTa MO/ y/IHa eKClIepUMeHTaJHa yC-
TAaHOBKa Ipe/CTaB/siBa IOTEHIMOCTAT U raJIBAaHOCTAT B e1MH ype/. B Hes ca
KOMOWHHMpPAHU Hall-HOBUTeE TEXHOJIOTMYHU IOCTUKEHU S, UMa OTJIMYHU Napa-
MeTpPH, KOeTO 51 TpaBU YHUBepcaJeH Npuobop.

SP-200 mpeaJiara njaBall pexuM Ha paboTa, aHAJIOroBO QUITPUPAHE,
BrpajieHa Ka/J1M6poBbYHA IPUCTABKA U BUCOKA eJIeKTPOHHA CTabU/IM3aL s 3a
[0-06'bp KOHTPOJI Ha KJIeTKaTa. EfekTpoxUMHUYHaTa anapaTypa e 3akylieHa
C JOI'bJIHUTEJIHO 060pyiBaHa COH/Ia 3a Y/ITPa HUCBK TOK, KOETO pa3liupsiBa
o6xBaTa Ha Toka oT 500 mA 70 1 pA, KaTO KOHTPOJI'BT Ha HANIPEXKEHHUETO € C
TouHOCT +/- 10 V. T ocurypsiBa c’bljo Bb3MOKHOCTH 3a IPOBEXAaHe Ha Ha-
Y4YHM eKCIIepUMeHTH, U3M10JI3BaliK1 MeT0/ja Ha UMIleJaHCHA CIeKTPOCKON U4,
B yecTOTeH Auana3oH oT 10 uHz o 3 MHz.

YHukasnHute xapaktepuctuku Ha SP-200 B KOMIJIEKT C'bC COHJATa 3a
yJATpa HAUCBK TOK I03BOJIIBAT IPUJIOKEHUETO 1 3a U3CJelBaHUS B 06J1acTTa
Ha pyH/JaMeHTaJIHaTa eJIeKTPOXMMHUs], HAHO- U OUO-TEXHOJIOTUUTE, Ha eJIieK-
TPOJIM3aTa U eJIEKTPOCUHTE3a, KOPO3USATA U MOKPUTHUATA, GOTOBOJTAULIUTE,
TOPHUBHUTE KJIETKHU U OaTEPUH ....

Cucrtemara e 3aKyIeHa CbC clelHajJd3upaHa rpadpuyiHa naardopma, us-
noJsi3Balla 6oraT HaboOp OT KJAACHYKH allPOKCHMUpALY IPOLEAYPH U aJIFOPU-
TMU 32 BU3yaJ/IM3MPpaHe U aHaJIM3 Ha [10J1yYeHUTe eKClIepUMEeHTaHU pe3yJiTa-
TH. UsisocTHUAT codpTyepeH nakeT EC-Lab, cieniuanHo paspaboTeH 3a paboTa
C alapaTypara, IpeJoCcTaBs LHUPOK CIEKTbP OT NPUJIOKEHUA U TEXHUKH, U3-
1I0J13BaHETO Ha KOUTO o6e3rnedyaBa paboTaTa Ha BCEKU eKCIIePUMEHT.
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PORTABLE POTENTIOSTAT AND GLAVANOSTAT

SP-200 Bio-Logic is a compact and powerful electrochemical work-
station. The modular potentiostat/galvanostat SP-200 incorporates the
latest technology, has excellent specifications and can be applied as univer-
sal measurement device with main field of application in electrochemistry re-
search.

The device offers floating mode, analog filtering, build-in calibration
board and excellent electronic stability for better cell control. The electro-
chemical workstation has been purchased equipped with an ultra-low cur-
rent probe, which extends the current range down to 1 pA; the upper cur-
rent range is 500 mA, the reference voltage control is +/-10 V. Electrochemi-
cal impedance spectroscopy measurements in the frequency range from
10 uHz to 3 MHz are an additional option of the purchased instrument.

The SP-200 coupled with the ultralow current probe allows a variety of
possible applications in fundamental electrochemistry as well as nano- and
bio-technology research, electrolysis and electrosyntesis processes, corrosion
and coatings, photovoltaics, fuel cells, batteries, etc.

The software package EC-Lab supplied with the instrument provides a
wide range of techniques and applications that can be sequenced, looped and
linked to design any complex experiment. Analysis tools enabling graphical data
interpretation and circuit modelling for impedance spectroscopy with classical
fit routines and algorithms for different applications are also available.
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CUCTEMA 3A XUMHUYECKO
OTJIATAHE OT I'A30BA ®A3A

MeToabT ,xuMu4Yecko oTyaraHe ot nmapu“ (CVD) ce usnosisBa 3a cb3ja-
BaHe Ha TB'bP/U CJIOEBe BbPXY MOAJI0XKKA Ype3 XMMUYeCcKa peaKlys B raso-
Ba ¢$a3a Ha e/IMH WJIY NOBeYe JIETJIMBU NMPEKYPCOPH, KOUTO pearupar u/vuiu
ce pasJaraT Ha MOBbPXHOCTTA Ha NMoAJI0XkKKaTa. [lo To3u HauuH, MoraT Jia ce
noJiyyaT C BUCOKA MPOWU3BOJUTETHOCT BUCOKOKAYECTBEHU CJIOEBE HA TB'BP-
Jl¥ MaTepuaJiu. B 1porn3BoACTBOTO HA BUCOKOTEXHOJIOTUYHU MUKPO- U HAHO-
CTPYKTYPH TO3U MeTO/J, UMa LIMPOKO MPUJIOKEHUE 3a OTJIaraHe Ha CJIOEBe C
pa3Ho06Opa3eH XUMUYEH CbCTAaB U B PA3JIMYHU CTPYKTYPHU ChCTOSIHUS, Ba-
pupauy oT aMop¢$pHO 10 eNUTAKCHAJIHO.

[Ipu nna3meno crumyaupaHoto CVD (PECVD) ce usnoJsi3Ba nJjia3Ma 3a
yCKOpsiBaHe Ha XUMUYHUTE peaKlU1 Ha npeKypcopuTe. ToBa Mo3B0JisiBa OT-
JlaraHeTo Jla CTaBa IPU MO-HUCKHU TeMIIepaTypH, KOETO YECTO € OT pelliaBalio
3HaueHHe NpU NPOU3BOJACTBOTO HA MOJYIIPOBOJHULU.

Cuctemara 3a PECVD Oxford Instruments “Nanofab Plasmalab System
100” e MmomepeH MHOroQyHKI[MOHAJIeH HHCTPYMEHT 32 OCBIECTBSIBAHE HA
pasauyau CVD u PECVD npouecu. Ta Mmoxe Aa paboTH € IOJJI0KKH C pa3Me-
pu 2”-8” 1 ©Ma YCTPONCTBO 3a TAAXHATa CMsHA NPU 3ala3BaHe HAa BaKyyMa B
paboTHaTa KaMepa. MakcuMaJiHaTa TeEMIEpPATypa Ha J'bp)Kadya Ha MOJJIOX-
kata e 1200°C, koeTo e MOAXOASIIO 3a OT/IaraHe Ha rpadeH. B peakiuonHara
KaMepa MOXe /1a 6'b/le reHeprpaHa KakTo paguodectoTHa (MHz), Taka u HuC-
kouectoTHa (kHz) nyazma.

Nanofab Plasmalab System 100 e o6opy/iBaHa c 1IecT ra30BH JIMHUU, KOETO
M03B0JIsIBAa U3I0JI3BAHETO HAa Pa3/IMYHU XUMUUeCKHU npouecu. HaauyHuTe razose
K'bM Hesl ca: aMOHSIK, alleTUJIeH, MeTaH, KUCJIOPO/, BOAOPO/I, a30T, aproH.
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OXFORD NANOFAB
PLASMALAB SYSTEM 100 CVD

Chemical vapour deposition (CVD) is used for synthesis of thin layers
on a substrate by a chemical reaction in a gas phase of one or more volatile
precursors, which react and/or decompose on the substrate surface.
Microfabrication processes widely apply CVD to deposit materials in
various states, ranging from amorphous to epitaxial with different chemical
composition. Plasma-enhanced CVD (PECVD) utilizes plasma to enhance
chemical reaction rates of the precursors. This allows deposition at lower
temperatures, which is often critical in semiconductor manufacturing.

The PECVD system of Oxford Instruments “Nanofab Plasmalab System
100” is a modern multi-purpose equipment for various CVD and PECVD
processes. The system works with 2”-8" sized wafers and with a device for
their replacement without destroying the vacuum in the reactor chamber. The
maximal substrate temperature is 1200 °C which is suitable for depositing
graphene. In the reaction chamber both radio-frequency (MHz) and low-
frequency (kHz) plasma can be generated.

The system is equipped with 6 gas lines which allows a variety of
chemical processes. Potentially used gases are: ammonia, acetylene, methane,
oxygen, hydrogen, nitrogen, argon.
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BENEQ TFS 200 3A OT/IATAHE
HA ATOMHH CJIOEBE

[locsefoBaTesIHOTO OT/IaraHe Ha aToMHHU cyoeBe (ALD) e meTof 3a mo-
JlyyaBaHe Ha T'bHKH CJIOeBe OT pa3JIMYHU MaTepuasu B rasosa ¢asa. Meto-
J'bT ce 6a3upa Ha MOCJIe/I0BaTEeJHH, CAMOOTPaHUYABAIlM Ce XUMUUECKH pe-
aKIMH, KOUTO NMO3BOJISIBAT OJy4YaBaHETO HA ,,KOHPOPMHHU" TOKPUTHUS BBPXY
KOMIIJIEKCHU CTPYKTYPH U OCUTYPSIBAT Mpelu3eH KOHTPOJI Ha JlebesInHaTa U
XMMUYHUSA CbCTaB Ha cJiosl. OT/IaraHeTO Ha aTOMHU CJIOEBE e MOLEeH MeTO/ C
IIMPOKO NPUJIOKEHHE B UHJYCTPHUSATA U U3CJIeJOBATEICKUTE JJab0paTOPUH.

Ycranoskara TFS 200 Ha ¢upmaTa Beneq e MHOropyHKIIMOHAJIHA U3CTe-
JloBaTeJICKa anapaTypa, KOSITO ZiJaBa Bb3MOXKHOCT 32 TEPMUYHO U IJIa3MEHO-
CTUMYJIMPAHO OTJIaraHe Ha aTOMHHU CJIoeBe OT KanaluTuBHa 11a3Ma. TFS 200
MOJKe /1a ce W3M0J13Ba 32 GopMHUpaHe HA CJI0eBe KAKTO BbPXY IJIOCKU MOJ-
JIOXKKH, TaKa U BbpXy 06eMHHU 06pasuu ¢ nporsBoJsiHa ¢opMa. T uMa yHHUKaJI-
HU B'b3MOXKHOCTH 3a paboTa ¢ pa3IMYHU NPEKYPCOPU B Pa3JIUYHU PEKUMU
npu temnepatypu g0 400°C. [IpekypcopuTte Morat ga 6baat: DEZ (Diethyl
zinc), TMA (Trimethyl aluminum), BTBAS ((Bis(tertiary-butyl-amino)silane)),
Ferrocene (bis(n5-cyclopentadienyl)iron), Cobaltocene (Bis(n5-cyclopentadie
nyl)cobalt), Nickelocene ((Bis(cyclopentadienyl) nickel(II)).

TFS 200 pasnoJiara ¢ 6 pa3/JIM4HY ra30BU JIMHUU U pe3epBoapu 3a 4 Ted-
HU U TPU HarpeBaeMu U3TOYHHUKA, YMeTO KOMOMHUpPAHe N03BOJIsIBA OTJara-
HeTO Ha pa3HOOOPa3HU M0 XUMUYEH C'bCTAB CJIOEBE.

— o I
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BENEQ TFS 200 ATOMIC
LAYER DEPOSITION

Atomic layer deposition (ALD) is a vapor phase technique capable of pro-
ducing thin films of a variety of materials. Based on sequential, self-limiting
reactions, ALD offers exceptional conformity on high-aspect ratio structures,
thickness control at the Angstrom level, and tunable film composition. With
these advantages, ALD is a powerful tool for many industrial and research ap-
plications.

Beneq TFS 200 is a flexible ALD platform designed for research and de-
velopment. Direct thermal and plasma ALD operation and remote plasma-en-
hanced deposition (PEALD) are available in the TFS 200 as a standard option.
The plasma is capacitively-coupled (CCP), which is the industry standard now-
adays. The TFS 200 is capable of coating planar objects and complex 3D shapes
with very high aspect ratio features. TFS 200 has unique precursor capabili-
ties of temperature rating up to 400°C. Available precursors are: DEZ (Diethyl
zinc), TMA (Trimethyl aluminum), BTBAS ((Bis(tertiary-butyl-amino)silane)),
Ferrocene (bis(n5-cyclopentadienyl)iron), Cobaltocene (Bis(n5-cyclopentadie
nyl)cobalt), Nickelocene ((Bis(cyclopentadienyl) nickel(II)).

A total of 6 different gas lines, 4 liquid sources and 3 hot sources fulfil the
most demanding requirements.

. JBENEN TFS 200
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bAJIA CTAA

AnapartypuTte ,Beneq TFS 200“ u “Nanofab Plasmalab System 100” ca un-
CTaJMpaHu B 6s171aTa ctas HAa MHcTUTyTa 10 pU3KKa HA TBBPAOTO TsJo. Ta e
kJ1ac 10 000 c o okoJio 40 m? ¥ e cHa6jeHa ¢ KJAMMaTHUYHaTa HHCTAJIalud,
ocurypsBalia TeMnepartypa 22° + 2°C v BjiaxkHoCT Ha Bb3yxa 50% * 10. Tesu
napaMeTpHu C'b3/1aBaT yCJOBUS 3a IPOBEXK/AaHe HA aBaHTapJHU U3CJieIBAHUS
B 06/1aCTTa HA HAHOTEXHOJIOTUUTE.
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CLEANROOM FACILITY

In the Institute of Solid State Physics both ,Beneq TFS 200“ and “Nanofab
Plasmalab System 100” are installed in a clean room class 10 000 on an area
of 40 m?. The mounted air conditioning assures maintaining temperature at
about 22°+2°C and humidity about 50% #10%. These parameters provide
conditions for advanced nanotechnology research.
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MEMBPAHHA ®UJITPUPAIIA CUCTEMA

Hamb/siHO oKoOMIJIEKTOBaHaATa JiabopaTopHa ¢uATpupalia MeMOpaH-
Ha cucteMa (MaxiMem, Prozesstechnik GmbH), ¢ komnakTHaTa cu U epro-
HOMUYHA KOHCTPYKIMSA JJaBa Bb3MOXKHOCT 32 U3B'bpPUIBAHE HA BCUYKH 3a/I-
BU)KBaHU OT pa3JiMKa B HaJiAraHeTO MeMOpPaHHU MPOoIlecH KaTo o6paTHa oc-
M03a, HaHOQUJITpYBaHe, yATpaduATpaL s U MUKPODUITPALLUS.

dunTpupaiaTa CuCTeMa € CbCTaBeHa OT KOPIYyC OT HEpPbXKAaeMa CTO-
MaHa, Y4eCTOTHO yInpaBJiseMa IoMIa ¢ paboTHO HaJisiraHe A0 60 Gapa, TeM-
nepaTypeH KOHTpoJiep 32 paboTHUsA cbA c o6eM 2,51 o 100 |, rama oT meM-
OpaHHHU MoAy/u ¢ mioml oT 200 cm? 0 2.5 m? U esieKTpoHeH gucniei. Ekc-
NepUMEHTAJIHUTE YCJOBUSA 32 PaGOTHOTO HaJIsiTaHe, MPOU3BOJUTEJHOCTTA
Ha IOMIIaTa, TeEMIlepaTypaTa, NOTOK'BT HA MMPOTYCKaHe U JIp. Ce KOHTPOJIUpaT
NMperMu3HO W 3alKCBaT 3a MO-HAaTaThIleH aHaJ/JW3 U NPOeKTHpaHe Ha HOBHU
MPOU3BOJICTBEHH IPOIIECH.

MogepHaTa ¢uATpaIMOHHA YCTAHOBKA MPeAOCTaBsI Ppa3HOOOpa3HU B'b3-
MO>KHOCTH 32 PUJIO’KEHHE KAaTO eKCTPAKIUS U KOHI[eHTpUPaHe Ha pacTUTeJ-
HU CyOCTaHIMM 3a papMalleBTUYHATA UHAYCTPUS, IPEYUCTBAHE U 06e3Co-
JIIBAHe Ha IIeHHUW NPOAYKTH, MeMOpaHHa QUJITPAIUSA B FOJIEMU MTPOAYKTOBU
00eMH, TpeTHUPaHe U PEelMK/IMpPaHe Ha OTIA bYHH NOTOIHU U Jp. KayecTBaTa
Ha alapaTypara 3a aJITeEpHaTUBHO cellapypaHe Ha TOMJIMHHO U XUMHUYECKH He-
YCTOWYMBY BeL[eCTBA s IPABAT YHUKAJIHA 33 Ta3H 1.
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MEMBRANE FILTRATION SYSTEM

A complete laboratory membrane filtration system (MaxiMem, Prozess-
technik GmbH) with its compact and flexible construction opens possibilities
for performing all pressure driven membrane processes as reverse oSmosis,
nanofiltration, ultrafiltration and microfiltration.

The filtration system is made of stainless steel frame, frequency control-
led pump (operating pressure up to 60 bar), temperature controller for the
jacketed feed vessel (volume 2.5 1 to 100 1), flexible membrane modules (from
200 cm? up to 2.5 m? membrane area) and electronic display. The experimental
conditions for operating pressure, pump throughput, temperature, permeate
flux, etc. are precisely controlled and recorded for further analysis and proc-
ess design.

The modern filtration set-up offers a variety of possible application as ex-
traction and concentration of herbal substances for pharmaceutical usage, pu-
rification and desalting of valuable products, membrane filtration with large
product amount, waste stream treatment and recycling, etc. The capabilities
for alternative separation of thermally and chemically unstable substances
make the equipment unique for this purpose.
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O®EMTOCEKYH/IHA JIABEPHA CUCTEMA

deMTOCEKYH/JHATA JIa3epHA CUCTEMA Ce CbCTOU OT TUTAH-CAaNIGUPOB pere-
HepaTHBEH ycuaBaTes Moje ,Spitfire Ace” c mpoAb/IKUTENHOCT HA UMITyJICa
~35 fs u eHeprus B uMnyJica ~6 mj, ocyuaartop ,Mai Tai® SP“, HanomnBary Jyia-
3ep ,Empower® 45 cbc cpesiHa nu3xoaHa MOUHOCT HaJl 45 W, 1 onTHUYeH na-
pameTtpuueH ycusiBates ,TOPAS Prime“, npeacTaBuTes1 Ha HAl-CbBPEMEHHUTE
HHCTPYMEHTH 32 YECTOTHO MPeo6pa3yBaHe HA JTbYEHHUETO.

Cuctemara MOXKe /la TeHEpUpa J'bUeHHEe OT A'bJIOOKUS YATPABUOJET [0
JasiedHaTa HHGpadyepBeHa 06J1acT (189 nm - 2000 nm), KaTo B poljeca Ha pa-
60Ta ce 3arMa3BaT BpeMeBHTE XapaKTEPUCTUKHU Ha HATIOMIIBAIIIOTO JbYeHHUE.

Komb6unanusTa Ha ,Spitfire Ace” cbc ,Spectra-Physics’ XP“, ,,Mai Tai SP“
u ,Empower 45“ ocurypsiBa Hall-CTaOUJIHUTE U3XOJHU NapaMeTpH, KOUTO
MOrarT /la Ce MoJIy4yaT OT pereHepaTUBHUS YCUJIBATEJ OT TUTaH-candup. Bu-
cokarta cTabuJHOCT Ha ,Spitfire Ace” ro mpaBu ueasieH 3a HallOMIIBaHe Ha
pPa3JIMYHU CUCTEMHU 33 ONITUYHO NapaMeTPUIHO YCUJIBAHE.

PaspaboTBaHeTO HA JIa3ePHU U3TOYHHUIU C MPOJBJXKUTEJTHOCT HA UM-
nyJica oT mnopsii/bka Ha peMTOCEKYH/IU M03BOJIsIBA MO-I106p0 HabJ0AeHUE
Ha CBP'bXOBP3U NPOLIECH U AUHAMUYHU U3MepPBaHUS € 06pa pa3/ie/IMTeNHA
croco6HOCT. KOHIIEHTpUpPaHETO Ha OTPOMHO KOJIMYECTBO eHeprus B U3KJII0-
YUTEJHO KpaThbK UMIYJIC IpejJiara HOBH Bb3MOXXHOCTH 32 Pa3HOOOpA3HU
NpOy4YBaHHUs HAa HeU3CJeJBaHU Jlocera sIBJeHUsI U cucTeMUu. CBETJIMHHUTE
UMIIYJICH C KpaTKa MPOJbJ/KUTEJNHOCT NPEeACTABIsABAT HEOOXOAUMUS WH-
CTPYMEHT 3a U3y4YaBaHe U Ha JIeJIMKATHU XXUBU CTPYKTYpH 6e3 Te Jia 6'bJaT
yBpezeHU. Upes Tsix MoraT Jia 6'bJaT U3BbPILEHH MOJgUPHKAL UK B 06eMa U Ha
NOBBPHOCTTA HAa MaTepHaJ/Iyd B CKaJlaTa HAa HAHOPa3MepPHUTeE C Ipernu3eH KOH-
TPOJI HA TONJIMHHUTE AepeKTH.
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FEMTOSECOND LASER SYSTEM

The femtosecond laser system consists of several units - amplifier, oscil-
lator, pumping laser and TOPAS unit. The Ti:Sapphire regenerative amplifier
is a Spitfire Ace model with pulse width ~ 35 fs and pulse energy ~ 6 m]. The
Spitfire Ace performs optimally when seeded with the revolutionary Mai Taie
SP oscillator. The Mai Tai SP laser is a true hands-free system that does not
require whatever alignment, cleaning or adjustments.

The Spitfire Ace is pumped with Empowere 45 laser, which delivers over
45 W of average power in a compact package. Equipped with proprietary noise
reduction technology, the Empower 45 is the quietest amplifier pump laser on
the market.

With the combination of Spectra-Physics’ XP cavity, Mai Tai SP seeder and
Empower 45 pump, the Spitfire Ace provides the most stable output available
from a Ti:Sapphire regenerative amplifier. The enhanced stability makes the
Spitfire Ace ideal for pumping multiple optical parametric amplifier (OPA)
systems. The TOPAS Prime automated OPA is a state-of-the-art instrument
for wavelength extension of the Spitfire® Ace™ Ti:Sapphire amplifier system.
Wavelengths can be generated from the deep UV range through the infrared
(189 nm - 2000 nm).

The development of lasers with pulse lengths of the order of femtosecond
laser sources allows better observation of ultrafast processes and time-re-
solved measurements. They deliver energy so quickly that new processes and
investigations are achievable. The short pulse duration allows probing delicate
living structures without bringing any damage to them. The material’s bulk
and surface modifications on the nanoscale can be performed with precisely
controllable heat effects.







