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INERA PROJECT
RESEARCH AND INNOVATION CAPACITY
STRENGTHENING OF ISSP-BAS
IN MULTIFUNCTIONAL NANOSTRUCTURES

The INERA project increases the capacity and infrastructure of ISSP in
the field of multifunctional nanostructures science sector. This is a result of
purchased, installed and putinto operation new experimental systems, namely:
Research reactor for Chemical Vapour Deposition (PECVD) - Oxford Nanofab
PlasmaLab System 100, Atomic Layer Deposition System (ALD) - TFS 200
Beneq, Femtosecond Laser System Spectra-Physics, Automatic spectroscopic
ellipsometer - M2000D, Membrane filtration system-MaxMem, Prozesstechnic
GmbH, Compact electrochemical workstation - SP200, Automated Microfluidic
Platform-Cell ASIC@ONICS, Milipor Merk, and Automatic Handled Cytometer-
specter 2.0.

As a result of these acquisitions the ISSP policy is to focus on some
perspective innovative themes using the existing good experience and seeking
cooperative interaction at intra and inter institution level.




I[TPOEKT BT NHEPA
INIOBUINABAHE HA HAYYHUA U HOBALITMOHHHUA
KAITIAOUTET HA UPTT-BAH B OBJIACTTA
HA MHOT'O®YHKLIUOHA/IHUTE HAHOCTPYKTYPH

[IpoektsT UHEPA fnonpuHece 3a yBesiMuyaBaHe KamanuTeTa U MHOpa-
ctpyktypata Ha UDTT B obaacTTa Ha HaykaTa 3a MHOTOQYHKIMOHAJHU
HAaHOCTPYKTYpPU B pe3y/aTaT Ha 3aKyNeHWUTe, UHCTAJUpPaHU U NyCHATH B
eKCIJloaTalysl HOBU eKCIIepUMEeHTaJ/JIHU CUCTEMH, KOUTO ca: HU3CJeloBa-
TeJICKU PeaKTop 3a XMMHU4YHO oT/ara”e oT mapu (PECVD) - Oxford Nanolab
PlasmaLab System 100; cucTema 3a aToMHO nOocJIoWHO oTJsaraHe (ALD) - TFS
200 Beneq; ¢emToCekyHAHA JlazepHa cucTeMa Ha Spectra-Physics; aBToma-
THU4YEH CHeKTpaJjeH enuncoMeTsbp - M2000D; meMbpaHHa ¢uaTpupalia cuc-
TeMa - MaxMem, Prozesstechnik GmbH; koMnakTHa ejleKTpoXUMHUYHA paboT-
Ha cTaHLud - SP200; aBToMaTuyHa MUKpodayruaHa miaardopma - CellASIC@
ONICS Millipore Merk u aBTOMaTH4YeH pbueH LUTOMETBP - Scepter 2.0.

B pe3yaTaT Ha Bb3MOXXHOCTHUTE, IPelOCTABEHU Ype3 Te3W HOBO3aKyIe-
HU anapaTypHu, uscjeaoBartesckara aedHocT Ha UDTT e pokycupaHa BBpXY
HSIKOJIKO MEePCNEKTUBHU TeMH, U3M0J3BalKH ChlLIeCTBYBalUA 106bp ONUT
Y TbpPCEeNKU CHTPYAHUYECTBO U B3aUMOIEUCTBUE HA BBTPEILIHO U MeXK /1Y UH-
CTUTYTCKO paBHHULIE.




ELECTROCHEMICAL SYSTEM FOR IMPENDANCE
SPECTROSCOPY SP-200, BIO-LOGIC

The modular potentiostat/galvanostat SP-200 incorporates the latest
technology, has excellent specifications and can be applied as universal
measurement device with main field of application in electrochemistry
research. SP-200 offers floating mode, analogfiltering, built-in calibration board
and excellent electronic stability for better cell control. The electrochemical
workstation has been equipped with an ultralow current probe, which extends
the current range down to 1 pA; the upper current range is 500 mA, the
reference voltage control is +/-10 V. Electrochemical impedance spectroscopy
(EIS) measurements in the frequency range from 10 pHz to 3 MHz are an
additional option of the instrument.

CurrentlytheElSresearchisfocused oncharacterizationofnanostructured
materials ranging from polymers and anisotropic liquids to multilayer solid
structures. Among them are: nanostructured liquid crystal gels for photonic
devices, solid electrolytes for next generation of rechargeable batteries,
electrode structures for electrochromic smart windows, semiconductor FET
structures prepared by ALD technique, samples based on ALD grown ZnO
doped layers etc. Another area of scientific activity is application of graphene
to create nanopores. The resulting structures could be combined with the
objects of the soft material - biomembranes or others, in order to obtain new
materials.




CUCTEMA 3A EJIEKTPOXUMWYHU UMIIEAJAHCHH
U3MEPBAHHUA SP-200, BIO-LOGIC

MojgynHata cucteMa noTteHnuocTtaT/rasBaHoctat SP-200 BkJIOYBa Hau-
HOBUTE eJIEKTPOHHHU TEXHOJIOTMH, UMa OTJWYHU XapaKTEPUCTUKU U MOXe Ja
ce MpuJiara KaTo YHUBEPCAJHO WU3MepBaTeJHO YCTPONUCTBO C OCHOBHA 06J1aCT
Ha NIPUJIOXKeHMe, OTHACALLA Ce KbM U3CJe/IBaHUATA B esleKTpoxumusaTa. SP-200
NpUTeXaBa IJaBall peXXHM Ha U3MepBaHe, aHaJIoroBo GpUITpUpaHe, BrpajeH
eJIEKTPOHEH 0JIOK 3a aBTOKaJUOPOBKA M OTJMYHA €JIEKTPOHHA CTaOUJIHOCT
- KayecTBa OCUTypsiBallu nepdeKTeH KOHTPOJI 10 BpeMe Ha paboTa. Enektpo-
XMMHYHATa paboTHATA CTAHIMS € 060pyJBaHa ChC COH/A 38 CBP'bXHUCHK TOK,
KOETO paslliNpsBa Bb3MOXXKHOCTHUTE 32 U3MepBaHe Ha anlapaTa B peXKUM Ha TOK B
pamkuTe oT 1 pA 10 500 mA. OOpHOTO HaNpeKeHHe MOXKe C'bIIO Jia Ce IPOMeHs
B paMkuTe +/- 10 V. YecTOTHUSAT [Mana3oH Ha anaparTa B pexxuM Ha EIS (esek-
TPOXUMHUYHU UMIIeJJaHCHU U3MepBaHusi) e B pamkuTe oT 10 pHz no 3 MHz.

B MomMeHTa n3csaeBaHusaTa c SP-200 ca pokycupaHu BbpXy OXapaKTepH-
3WpaHe HAa HAHOCTPYKTYpPHUPaHU MaTepHaJsy, KaTo NOJHMepH, aHU30TPONHU
TEYHOCTHU U MHOTOCJIONHHU TBBPAU CTPYKTYPpH. Cpes TAX ca: HAHOCTPYKTYPH-
paHU TEYHOKPUCTAJIHU reJioBe 32 QOTOHHU YCTPOMCTBA, TBBbPAY €JIEKTPOJIU-
TH 3a CJIe/IBAll0TO IOKOJIeHHEe aKyMYJIaTOPHU 6aTepuu, eJIeKTPOJHU CTPYK-
TYpPH 3a eJIEKTPOXPOMHU HHTEJIUTEHTHH IPO30pLH, NONYyNpOoBOJHUKOBU FET
CTPYKTYPH U caoeBe oT ZnO noaydenu B ALD peakTopu u T.H. [lpyra o6JacT,
B KOSITO Ce MIPOBEXJAT U3CJIe/BaHH s, € IPUJIOXKEeHHeTo Ha rpadeHa 3a cb3ja-
BaHe Ha HaHomopH. [loslyyeHUTe CTPYKTypH MoraT Aa 6'bJaT KOMOMHUPAHHU C
006€eKTH KaTo 6MOMeMOpaHU UJH APYTH, 3a [la Ce [10J1y4aT HOBU MaTepUaJIu.

el cavmm o e
e el e =1

damm
s HeOAAN |2 - F - | &0 DO

o TN = 3 i = w0 res

Impedance spectra of ALD n-ZnO A0, layers
HUmnedarchu cnekmpu Ha caoese om n-Zn0 u AL,O,nm nanecenu 6 ALD



FEMTOSECOND LASER SYSTEM

The Spectra-Physics femtosecond laser system, which is unique for
Bulgaria, consists of several units: amplifier, oscillator, pumping laser and
optical parametric amplifier (OPA).

The Ti:Sapphire regenerative amplifier (Spitfire Ace 35F1K), produces ~
35 fspulseswithpulse energy ~ 6 m] at pulserepetitionrate 1 kHz. The amplifier
is seeded with Mai Tai SP oscillator capable of producing a broad range of
output bandwidths: 60 nm to 10 nm, corresponding to near transform-limited
pulse widths from 25 fs to 100 fs. The pumping laser, Empower 45, is a diode-
pumped Q-switched Nd:YLF laser, delivering a high power output of up to 45 W
at 527 nm. The TOPAS Prime, entirely computer controlled automated OPA is
an instrument for wavelength extension of the Ti:Sapphire amplifier system.
Wavelengths can be generated from the deep UV range through the infrared
(240-2600 nm) which makes it ideal instrument for various applications.

The research with the femtosecond laser system up to now are focused on
laser materials processing: processing of thin films, micro- and nanostructuring
of various materials, modification and nanostructuring of surfaces.

Micromachining of different materials
Mukpoobpabomka Ha pasAu4Hu Mamepuaau
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Surface modification of: a) polycaprolactone scaffolds; b) gelatin thin film
Moodugukayus Ha nogspxHOCMU:
a) noaukanpo/sakmoHosa mampuya; b) sjceaamuHog caoti



®EMTOCEKYH/JHA JIASEPHA CUCTEMA

deMTOCEKYH/IHATA Jla3epHa cUcTeMa Ha Spectra-Physics, kosTo e yHuU-
KaJiHa 3a bbarapus, ce cbCTOM OT HSKOJIKO 6JI0Ka: YCUJBATEJ, TEHEPATOp,
HalloOMIIBall| JIa3ep ¥ ONTHYECKU MTapaMeTpuueH ycuasaTeJ (OPA).

Ti:Sapphire perenepaTuBHusaT ycunaBarteJ (Spitfire Ace 35F1K) renepu-
pa ~ 35 fs uMnyJicu ¢ eHeprus Ha UMIyJica ~ 6 mj U 4eCTOTa Ha MOBTOPEHHE
1 kHz. YcunBartendar ce Bb36yxkaa oT Mai Tai SP ocijusaTop, KolTo Moxe Jja
reHepupa UMIYJICH C Npoab/kUTeNHOCT oT 25 fs mo 100 fs. HamomnBamu-
AT yna3ep, Empower 45, e suoaHo-HanoMmnBaH Nd:YLF nazep ¢ Q-moaynanus,
OCUTYPsiBalll BUCOKA U3X0/HA MOIIHOCT - 710 45 W 3a 527 nm. OnNTUYeCKUAT
napaMetpuyeH ycusasates TOPAS Prime, KOMOIOTBPHO ynpaB/jdgBaH U Ha-
MI'bJIHO aBTOMATHU3UPaH, pa3lIUpsBa CIeKTPaJHUS JUala30H HA U3J'bYBaHe
Ha pereHepaTHUBHUSA ycuJaBaTe . JbJKUHATA HA BbJHATA HA JIa3epHOTO U3-
J'bYBaHe MOJKe a Cce MpeHaCcTPoUBa OT AbJ00KUA YB mo 6sin3kaTa uHpa-
yepBeHa o6sacT (240-2600 nm), KoeTo NpaBU CUCTEMATA MOAX0/ 1A 32 MHO-
ro pa3JiMuyHU NPUJIOXKEHHUS.

UscnenBaHusTa C lazepHaTa peMTOCEKYH/HA CUCTEMA [I0 CEra ca Haco-
YeHU K'bM Jla3epHa 06paboTKa Ha MaTepHuasu: 06paboTKa HAa ThHKHU CJIOEBE,
MHKPO- U HAHOCTPYKTYpPHPaHe Ha Pas3JIMYHU MaTepHaJd, MOoguUKAILU U
HAaHOCTPYKTypHUpPaHe Ha NOBBPXHOCTH.




MAXIMEM MEMBRANE FILTRATION
SYSTEM, PROZESSTECHNIK GmbH

The filtration system MaxiMem gives possibilities for performing all
pressure driven membrane processes as reverse osmosis, nanofiltration,
ultrafitration and microfiltration. The MaxiMem system is made of stainless
steel frame, frequency controlled pump (operating pressure up to 60 bars),
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 process design.

Results obtained so far indicate that the plasma enhanced CVD
treatment under certain conditions may have positive effect on the membrane
performance, resulting inincreased rejection without decreasing the permeate
flux. Different analyses suggest that this is due to the modified membrane
active top layer. Currently we are working on the reproducibility tests and
related conclusions are that we can perform successful modifications of plasma
membranes to separate practical cases.

Kinetics of extraction processes and the filtration scale-up are now being
an ongoing actual research. Successful membrane filtration experiments were
conducted with used coffee extracts, which were separated as permeate and
concentrate. Storage conditions of the membrane treated plant extracts have
been also checked in aspects to temperature, air presence and time.




MEMBGPAHHA ®UJITPUPALLIA CUCTEMA
MAXIMEM, PROZESSTECHNIK GmbH

Ounrpupamara cucrema MaxiMem JjaBa B'b3MOKHOCT 33 U3BbPIIBAHE
Ha BCUYKHU 33JIBU’KBAHU OT Pa3J/IMKa B HaJIITAHETO MeMOpPaHHU MMPOLECH, Ka-
TO o6paTHA 0CMO033a, HAHOQUATpaLUs, yATpaduaTpanus U MUKpoPuUITpa-
nus. MaxiMem-cucteMaTa e CbCTaBeHa OT: KOPIYC OT HEP'bXK/JaeMa CTOMaHa,
YeCTOTHO yIpaBJisieMa IoMIa, TEMIEPATypPeH KOHTPoJiep 3a paboTHUSA ChJ,
ramMa oT MeMOpaHHU MOAYJIU U eJIeKTPOHeH Jucijeld. EkcnepruMeHTa/HUTE
yCJIOBUS 32 paGOTHOTO HaJisiraHe, NPOM3BOAUTEHOCTTA HA NOMIATa, TEM-
nepaTypara, IOTOKa Ha NpONMyCcKaHe U AP. Ce KOHTPOJUpAT Npelu3Ho U 3a-
MUCBAT 3a NO-HATAaT'bIlIeH aHa/IU3 U NPOEKTHPaHe Ha HOBU MPOU3BOJCTBEHU
MpPOLIECH.

[TonydyeHUTe focera pe3yJaTaTH MOKa3BaT, Ue MJa3MEHO-YCUJIEHO XUMHU-
yecko napo-ra3zoBo otTyaraHe (PECVD) npu onpejesieHu ycaoBUsI UMA MO3U-
THBeH eeKT BbpXy MEMOPAHHOTO JAEHUCTBHE U TO Ce U3pas3siBa B oJ006peHa
CeJIEKTUBHOCT 06e3 HaMaJisiBaHe Ha lepMeaTHaTa MpoBOoAUMOCT. [IpoBege-
HUTe aHaJM3M, U3M0J3BallKU pa3/IMuHU MeTOAWKH, JAaBaT MHbopManus 3a
NpPOMEHH, I'b/KAUIU ce Ha MOAUPHKALIMA HA aKTUBHUS MeEMOpPaHEH MOBbPX-
HOCTeH cJsoil. [loHacToseM ce MPOBEXKAAT TECTOBE M0 B'b3NPOU3BOAUMOCT U
3aKJIIOYEHHUETO €, Ue MOJXKe /1a Ce U3BbPLIBAT YCIelHH J1la3MeHU MogudHrKa-
MM HA MEMOpPAHU 3a OT/AE/JHU KOHKPETHHU PAKTUYECKHU CJyYaH.

AKTyasIHU U3CJe[loBaTeJICKU TeMaTHKa ca KHUHEeTHKaTa Ha eKCTpaKIU-
OHHUTE MPOILECH U yBeJUYaBaHETO HAa Malaba Ha ¢uaTpanuute. MaxiMem-
dunTpanMoHHaTa cucTeMa 6e ycneuHo U3MoJi3aBaHa 3a MeMOpaHHO-ceNapu-
paHe Ha QUJTPAT U KOHIIEHTPAT OT Kade, KaTo 6sxa TECTBAHU yCJIOBUSATA 32
CbXpaHeHHe Ha MeMOpaHHO-06paboTEHU PAaCTUTENHU eKCTPAKTH MO OTHO-
HIeHHe Ha TEMIIEPATYPHO BJAUSIHUE, TIPUCHCTBUE HA Bb3/1YX U BPEME.
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Plain polymer substrate (left), and plasma coated (Pentane 5 and 20 min; right).
Magnification 100.00k.
HempemupaHa nosumepHa nod10xcka (15180), U nAa3ma-mpemupana
(lleuman 5 u 20 muH; omaosicHo). Yeeauuenue 100 000 x.
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PECVD REACTOR NANOFAB PLASMALAB SYSTEM 100

The PECVD reactor Nanofab Plasmalab System 100 by Oxford Instruments
Ltd. is modern multifunctional equipment allowing deposition on substrates
as large as 8” at temperatures ranging from 100 to 1200°C. It has 6 input lines
for carrier and precursor gases needed for various CVD and PECVD processes.
It is suited for graphene and carbon nanotube growth.

The research with the PECVD reactor up to now is focused on Graphene
and Carbon nanotubes growth.

Graphene growth

Graphene was obtained by thermal CVD on activated Cu foil substrate in a
low-pressurereactor frommethane precursor. The sampleswere characterized
by Raman spectroscopy and optical microscopy. The inspection showed
monolayered graphene grains of average size in the tens of micrometers, as
well as bi-layered and few-layered graphene of roughly the same area. The key
to successful graphene growth was found to be the meticulous cleaning and
thermal pretreatment of the substrate to enhance the formation and selection
of <111> Cu grains by solid-state recrystallization.

Carbon nanotubes growth

Carbon nanotubes were grown from C,H, gas precursor inamix of Ar, H, and
NH, at temperature in the range 800-950°C and chamber pressure 1.5 Torr. The
NH,:C,H,:H, ratio was maintained constant and RF Plasma was ignited between
the showerhead and the substrate holder. The substrates were semiconductor
silicon wafers coated with TiN diffusion barrier and 5 nm Ni catalyst film.
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PECVD PEAKTOP, NANOFAB PLASMALAB SYSTEM 100

PECVD peakTopbT Nanofab PlasmaLab System 100 e MmogepHO MHOTOGYHK-
[IOHAJIHO 060PY/BaHe, I03BOJISIBALL0 OTJ/IaraHe BbPXY NOJAJI0KKU € pa3Mep Ao 8
HMHYa Npu TeMilepaTypH B 06xBaT oT 100 go 1200°C. Toit uMa 6 BXOJHU TUHUY 33
HOCeLY U IPeKypCOpPHHU ra30Be, HEOOXOJUMHU 3a OChILECTBSBAaHETO Ha pa3/iny-
Hu CVD u PECVD npornecu. PeaktopsT Nanofab Plasmalab System 100 e moaxo-
J1111 32 U3pacTBaHe Ha rpadeH v BbIJIEPOJHU HAHOTP'BOU.

U3cnenoBaresickara pabota c PECVD peakTopa e dokycrpaHa Bbpxy U3-
pacTBaHe Ha rpadeH U BbIJIEPOIHU HAHOTPBOMU.

H3pacmeaHe Ha epagheH

['padensT e nonydeH ¢ TepMuaHo CVD BBbpXy akTUBHpaHA MOAJIOXKKA OT
Me/JIHO (OJTHO TPU HUCKO HaJISITaHe OT MeTaHOB nmpekypcop. O6pa3nuTe ca xa-
paKTepusupaHu c PaMaHOBa CIEKTPOCKOIUSA U ONITUYHA MUKpOcKomnud. U3ce-
BaHMSTA MOKA3BaT, ye rpageH’bT € BbB BUJ HA €IHOCJOHHU 3bpHA ChC CpeJieH
pa3Mep OT NMOPSAAbKA HA IECETKU [LM, KAKTO HA JABYCJOHHHU W HAKOJIKOCJIOHHHU
3'bpHA C IPUOJIU3UTEHO ChLATA IJIOLL. Be ycTaHOBEHO, Ye K/IIUhT 32 YCIElHO-
TO U3pacTBaHe HAa rpadeH e B IeJAaHTUYHOTO OYUCTBAHEe U TEPMUYHA 06paboT-
Ka Ha MMO/IJI0’KKATa, 3a /|a ce yJleCHU 06pa3yBaHeTO U 1060pa Ha MeTHU 3'bpHA C
opueHTanus <111> ype3 TBbpj0Ppa3Ha peKpUCTATUIAIUS.

H3pacmeaHe Ha 8B2/1epodHU HAHOMPBOU

BbriaepoaHuTe HAHOTPB6M Ca U3pacTHATH OT mpeKypcop C,H, ras B cmec
ot Ar, H,, u NH, npu Temnepatypu B fuanazona 850-900°C u 1.5 Torr Haus-
raHe B KaMepaTa, KaTo € NO/bPKaHO MOCTOSAHHO ChOTHOLIEHHe Mexay NH,:
C,H,:H, 1 e usmosisBaHa pa/ju04eCTOTHA MJa3Ma B IPOCTPAHCTBOTO MEXAY
ra3oBUs AYILI M HOCaya Ha NoAJ10KKaTa. [lo[/102KKHUTe ca MOy pOBOAHUKOBHU
CUJIMIIUEBU IJIACTHHU C OTJIOXKeHHU Judy3uoHHa 6apuepa ot TiN u 5 nm Ni
KaTaJIu3aTOpeH CJIOH.

Graphene 4000 mTorr
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ATOMIC LAYER DEPOSITION -
ALD TFS 200 BENEQ

The TFS 200 reactor by Beneq Ltd.isamultipurpose research tool allowing
thin film growth by both thermal and plasma enhanced at temperatures up
to 340°C from gaseous, liquid and solid precursors. TFS 200 has 6 gaseous
lines and tanks for 4 liquid and 3 heated precursor sources whose combination
enables the growth of films of various chemical compositions. It is suited for
deposition of Al,0,, Zn0, Zn0:Al and many others for application in micro- and
optoelectronics, photochromic coatings, transparent conductive electrodes,
dry lubricating coatings, semipermeable membranes, etc.

Research work conducted as part of the project INERA includes:

e Development of recipes for ALD of Al,O,, ZnO and SiO,

e Preparation of Al - doped ZnO films

e The deposited film quality was analysed with regard to applications as

transparent conductive electrodes, passivation and other functional
layers in optoelectronic devices

e Examination of the possibility for preparation of catalysts for carbon

nanotubes growth

Preliminary experiments on ZnO nanostructures synthesis
Deposition of nanofilms by ALD: Al,O,; ZnO; [Zn0] :[AL,O ] Zn0:Al;
Co,0,; Fe O ; Ni O on Si substrates, on exotic substrates 11ke Porous
AHOJIC Alumlna etc.
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CUCTEMA 3A ATOMHO IIOCJIOMHO
OTJIATAHE, TFS 200 BENEQ

PeakTop®sT TFS 200 oT Beneq Ltd. e MHOTO11€/1EBU U3CJIeJOBATEICKH UH-
CTPYMEHT, I03BOJISIBALL U3pAaCTBaHe HAa T'bHKU CJIOEBE NOCPELCTBOM TEPMUY-
HO W mJa3MeHo noanoMorHato ALD npu temnepatypa fo 340°C ot ra3osy,
Te4YHU U TBbpAU npekypcopu. TFS 200 uma 6 BXoAHU ra3oBU JUHUU U pe-
3epBoapu 3a 4 TeYHU U 3 HAarpsIBaHU TB'bP/JU NPEKYPCOPH, YUATO KOMOUHA-
U JJaBa B'b3MOXHOCT /la Ce U3pacTBaAT T'bHKHU CJ0€EBE C pa3JIM4eH XUMHUUEH
cbeTaB. Toll e moaxo/sll 3a oTJIaraHe Ha A1203, Zn0, Zn0:Al u MHOTO ApyTU
CJIOEBE C MPUJIO)KEHUE B MUKPO— U ONTOEJIEKTPOHUKATA, GOTOXPOMHHUTE T10-
KpPUTHUS, TPO3pavyHU NPOBOJSIIU €JIEKTPOAHU, CYXU CMa3Ballyd MOKPUTHS, O-
JIYIPONYCKJIWBY MEMOpPAHU U T.H.
WscnenoBaTesickaTa paboTa, M3BbpIIEeHa KaTo YacT oT npoekta MHEPA
BKJIIOYBA:
e Paspa6oTBaHe Ha pelenTH 3a nojy4asane Ha Al,O,, ZnO u SiO, c ALD;
o [lpuroTBsiHe Ha cji0eBe OoT Zn0O, jerupaHu c Al;
e AHaJM3UpaHe Ha KAYeCTBOTO Ha OTJIOXKEHUTE CJI0EeBE, UMAaWKU MPeABUT,
NPUJIOKEHUETO UM KaTO NPO3pavyHU NPOBOJSAILU eJIEKTPOAH, TaCUBUpa-
Y U APYTU GYHKLMOHAJIHU CJIOEBE B ONTOEJEKTPOHHUTE TPUOOPY;

e MH3csegBaHe Ha Bb3MOXXHOCTTA 3a IPUTOTBSHE HAa KaTaJu3aTOPH 3a
M3pacTBaHe Ha BbIVIEPOJHU HAHOTP'BOU;
[IpesBapuTe/IHU ONUTHU 32 CUHTE3 HA HAHOCTPYKTYPH OT ZnO0;
Otsiarane Ha HaHOQuaMM 4pe3 ALD: Al O,; ZnO; [ZnO]X:[A1203]y; ZnO:
Al; CoXOy; FeXOy; NiXOy BBpXY Si NOJJIOKKH, BbPXYy €K30TUYHHU IOJ-
JIOX)KKH KaTo MOPECT aHOAMPaH aJlyMHUHHUEB OKHUC U .

ALD_#14 Thickmess in nm ve. Position

& 19320

4 19223

2 1.y
_E_ (1] 19031
>

-2 18934

4 I 166,38

-G_E T T 16742

L1 [E] (1} s 14 3 u ] ] X [gn)

Deposition of ZnO: Al 0, thin films by ALD
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MICROFLUIDIC PLATFORM CELLASIC® ONIX

The Cell ASIC™ ONIX Microfluidic System uses microfluidic technology to
enable continuous live-cell imaging with media flow. The proprietary design
allows cells to be exposed to different solutions and conditions via pressurized
flow channels controlled by user-specified time intervals and flow rates. The
microfluidic plate can be used with typical inverted microscopes and fits a
standard multiwell plate stage.

The CellASIC™ ONIX Microfluidic System is perfect for any perfusion-based
application such as cell cycle analysis, kinetic responses to solution change,
cell fixing and immunostaining, 3D deconvolution, cell migration, location of
protein molecules, long-term time-lapse imaging.

Using the CellASIC ONIX Microfluidic Platform experimental studies on
the influence of the Amphotericin B antibiotic on the morphological behavior
of lipid vesicles were performed. The experimental setup has been modified
thus opening new opportunities for a variety of experimental realizations.
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MUKPO®PJIYUJHA CUCTEMA CELLASIC® ONIX

Cuctemara CellASIC™ ONIX e cb3mameHa Ha 6a3aTa Ha MUKPOQJIyUA-
Ha TEXHOJIOTHS U M03BOJIsIBAa BU3yaJIM3UPAHETO, 3aMKca U U3CJIe/IBAHETO B
peaJsiHO BpeMe Ha GMOJIOTUYHU KJETKHU MPU NOCTOSTHEH KOHTPOJI Ha MOTOKA
Ha pa3TBOP C Aa/ieH CbCTaB. [JJU3alHBT U aBa Bb3MOXXHOCT U3CJIe[JBAHUTE
KJIETKU Ja 6'bJJaT MHKYOUpPaHU B pa3JIMYHU PA3TBOPHU W MPHU Pa3JUYHH yC-
JIOBUS TMIOCPEACTBOM CHCTEMA OT MUKPOQJIYHAHU KaHaJH C OonpeJeieHa re-
OMeTpHs U HaJssraHe. [[porpaMHOTO o6e3neyaBaHe Ha Mpubopa Mo3BoJisiBa
Ha ollepaTopa /ia 3a/laBa BpeMeBUTE HHTEPBaJIM U IeOUTA HA TIOTOIUTE B OT-
JleJTHUTE MUKPOQJIYHUTHU KaHa/ U, Be3cnopHo npeJUMCTBO Ha MUKPOQIy U I-
HaTa CUCTEMA € Bb3MOXKHOCTTA T4 /1a 6'bJle UHTErprupaHa c KOHBEHIIMOHAJHHU
WHBEPTHUPAHU MUKPOCKOTIH.

MukpodayugaHara cuctema CellASIC™ ONIX e mpurojeHa 3a pas/MyHU
nepdy3roHHO-0a3UPaHN MPUJIOKEHHSI KaTO aHAJIM3 Ha )KU3HEHUS LUKBJ Ha
KJIETKHUTe, KHHETUYEH OTIOBOP Ha MPOMEHU B CbCTaBa/KOHIEHTpALUATa Ha
WHKYGallMOHHUsI pa3TBOp, KJeThbuHa QUKCALMsl U UMyHO-oLBeTsiBaHe, 3D ze-
KOHBOJIIOIIMSA, KJIET'bYHA MUTPALMs, JIOKAJU3alKsA Ha MPOTEUHOBU MOJIEKYJIH,
NPOJABKUTENHO HabJTI0/IeHHe U 3aTUC ITpe3 3a/1a/ieH MHTEPBaJ OT BpeMe.

B UOTT mukpodayuaHara miaatdopma CellASIC ONIX e usnosizBaHa 3a
v3cJje/BaHe Ha BaAUsgHUETO Ha Amphotericin B (AmB) Bbpxy Mmopdosiorusrta
Ha JIMIU/HU BE3UKYJIH.

Morphology of lipid vesicles in addition of a) 10 ug/L AmB; b) 1 mg/L AmB;
¢) control with addition of glucose solution.
DPa3080KOHMPACMHA MUKPO2PAMA HA AUNUOHU 8€3UKY/U 8 NPUCHCMEUE 858 800HO-
mo um o6kwsiceHue Ha: a) 10 ug/L AmB; b) 1 mg/L AmB; c) 2at0k03eH pazmeop.
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AUTOMATED HANDHELD
CYTOMETER SCEPTER 2.0

Automated handheld cytometer SCEPTER 2.0 provides a fast and
convenient method for counting cells or particles with diameter in the range
from 3 to 36 microns and it is equipped with two types of sensors (60 um and
40 um sensor). The system allows rapid cell counting. Information concerning
cell concentration, average size and volume, as well as size and volume cell
distribution are displayed on the Scepter Cell Counter screen. The obtained
experimental data are reliable and easily transferred to a PC for further
processing and analysis.
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ABTOMATHU3HUPAH IIOPTATUBEH
LHUTOMETBP SCEPTER 2.0

ABTOMaTH3upaHuAT noprtatuBeH nutomeTbp SCEPTER 2.0 mpegcra-
BJIsIBA 6'bpP3 M yA06eH NPUGOp 3a KJeThbYyHO 6poeHe. Tol Moxke fa 6'bje NpH-
JlaraH | 3a onpe/ieJisiHe Ha o6eMHaTa ppaKnus U pa3Mepa Ha YaCTULU C AH-
aMeTpu oT 3 0 36 um. Ype'bT e CHab/leH U C iBa CEH30pa 3a pa3/IMyeH Mak-
cMMaJieH pa3Mep Ha npe6possBaHUTe YacTUiu. CUcTeMaTa Mo3BoJisIBa JieCHa
U 6'bp3a ynotpeba, KaTo eLHO U3MepBaHe Tpae cpefHO okoJso 30 CeKyHIH,
3a KOeTo ce noJiyyaBa MHPopMaLus 3a KOHLEHTpaLusATa, CPeSHUSAT pa3Mep
1 06eM Ha YacTHULMTe (KJIETKHUTE), pa3lpeieIeHUETO UM 10 pa3Mep U 06eM,
M300pa3eHy Ha eKpaHa Ha ypeja. [losyyeHUTe pe3y/TaTH JIeCHO MOraT jAa
O0'bJIaT MPEXBbPJIEHU HA ePCOHAJIEH KOMNIOT'bP U MMOJIJIOXKEHU Ha JOM'bJIHU-
TeJIeH aHaJIu3 U 06paboTKa.

E.Caoli Listeria Pseudomonas aeruginosa
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AUTOMATIC SPECTROSCOPIC
ELLIPSOMETER - M2000D

The automatic spectroscopic ellipsometer model M2000D from ]J.A.Woollam
Co., working in the spectral range of 195-1000 nm and at angles of incident light
ranging from 45° to 90°, is a powerful tool for optical characterization of thin
dielectric, semiconductor, metal and organic layers and multilayer structures. By
ellipsometric measurements such properties as optical constants, composition,
crystallinity, anisotropy, surface and interface roughness, etc. can be determined
and lateral inhomogeneity can be registered by automatic sample mapping. The
measurement duration is exptemaly short ~2-5 s.

The optional Liquid Cell stage and the Heat stage allow measurements of
solid-liquid interface as well as studying optical properties of thin films and
materials in function of the temperature. A very useful addition is also the USB
camera for observing the measured surface and choosing the desired place on
the sample surface to be measured.

Since the M2000D installation, different samples have been measured and
analyzed:

e Monolayers of AIN, AlO, ZnO, etc. a-C, thin Au and Ni layers on Si,

sapphire or glass substrates;

e Multilayer structures: ZnO/GaN/sapphire, W Mo, .0./ITO/glass (for smart

windows), WO, /ITO/Glass, Zn0O/AL 0, /Si; Superlattices of AL,O,/ HfO,.

Opbcal modeal Rersults
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Deposition of Zn0: Al 0, thin films by ALD
Omusazare Ha moHKu guamu Zn0: AlO, upes ALD
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ABTOMATHYEH CIIEKTPAJIEH
EJIMIICOMETBP - M2000D

ABTOMaTHUYHHUAT cHeKTpaJsieH eauncoMmeTsbp Tu M2000D na Woollam
Co., paboreln B crieKTpaJieH Adana3oH oT 195-1000 nm ¥ npu ‘bIVIM Ha Maja-
1jaTa CBeT/IMHa B iuana3oHa oT 45° 10 90°, e MollleH MHCTPYMEHT 32 ONITUYHO
XapaKTepu3UpaHe Ha T'bHKU JUeJeKTPUYHHU, OJTYPOBOJHUKOBU, METATHHU
Y OpraHUYHH CJI0€Be U MHOTOCJIOMHU CTPYKTYpHU. Upe3 esrMncoMeTpusi MoraT
Ja 6'bJlaT U3CJAeIBAaHU ONTUYHU KOHCTAHTH, ChCTaB, CTENEH HA KPUCTAJHU-
3alMsi, aHU30TPOIIHs, TPANAaBOCT HAa MOBBPXHOCTTA ¥ HA UHTepdENCEH CJIOH,
HEXOMOTEeHHOCTH M0 Ae6eJIMHAaTa U AP., @ aBTOMAaTUYHOTO CKAHUPaHe Ha 06-
pa3ela N03B0OJIsIBa a Ce PeTUCTPUPAT U JlaTepaHU HexoMoreHHocTH. [Ipo-
JA'bJDKUTEJHOCTTA Ha €/JHO U3MepBaHe € OT 2 10 5 CEKyH/U.

JombJIHUTE/IHUTE ONIUH K'bM €JIUIICOMETbpPa 03BOJIABAT U3CJe/IBaHE
Y Ha TeYHHU 00pasly U M3ydyaBaHe HA ONTHYHU CBOMCTBA B 3aBUCUMOCT OT
TeMmneparyparta. UHcTanupaHaTa USB kamepa e MHOro oJie3Ha 3a HabGJioe-
HUE Ha MOB'BbPXHOCTTA Ha o6pa3ela U 3a U360pa Ha KeJIAaHOTO MSICTO 32 U3-
MepBaHe.

CM2000D enuncomeTbpa locera ca U3SMepPEHHU U aHAJIM3UPAHU :

e MoHocusoeBe oT AlN, AlO, ZnO u ap., a-C cyoeBe, TbHKH Au U Ni ci10eBe,
OTJIOXKEeHHU BBPXY Si, candup uiu CT'bKJIEHU MOJJI0XKKH;

e Muorocoinu cTpykTypu: Zn0/GaN/candup, W ,, Mo, .0,

/ITO/cTBK-

Jio (3a MHTesIMrenTHY npo3sopuu), WO3/ITO/cTbKa0, ZnO/Al0,/Si; cBpbxpe-
weTku ot Al O,/ HfO,.
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