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Supercapacitors have garnered significant interest in recent years due to their high power density,
rapid charge/discharge rates, and long cycle life. MXenes, a family of two-dimensional (2D)
transition metal carbides/nitrides, have emerged as promising electrode materials for
supercapacitors. However, one major challenge associated with incorporating MXenes in
supercapacitor structures is the occurrence of sticking, wherein individual MXene flakes
agglomerate, leading to reduced electrode performance. This review paper discusses various causes
of sticking and approaches to preventing it, offering insights into the design and development of
high-performance MXene-based supercapacitors. The morphology and size of MXene flakes, flake
surface chemistry, thickness, surface area/volume ratio, electrode processing techniques (including
solvent selection, additives incorporation, and deposition technology), and environmental factors
were shown to be the basic factors resulting in sticking of MXene sheets. Among the strategies to
mitigate this challenge, surface functionalization and passivation, integration with polymer
matrices or carbon nanomaterials, and electrode processing optimization were considered. Possible
paths for optimization and future directions of study, such as novel MXene compositions,
understanding of interfaces and electrode—electrolyte interactions, development of advanced
electrode architectures, and integration of energy storage systems, were assumed.

CynepKkoHIeH3aTOpUTE NPUBJIMYAT 3HAUUTEIEH HMHTEpPEC Npe3 MOCIEeIHUTE TOAUHHM MOopaau
TSAXHATa BUCOKA IUIBTHOCT HA MOIIHOCTTA, BUCOKA CKOPOCT HAa 3apeiKIaHe/pa3pexkaHe U AbIbI
eKCIJI0AaTallMOHEH >XUBOT. MXen-ute (MakceHHMTE), ceMEHWCTBO OT AByMepHHU (2D) mpexonnHu
METaJHU KapOWAW/HUTPUAM, C€ YTBbpAMXa Karo oO0ellaBally eJNeKTPOJAHM MaTephalid 3a
CYNEPKOH/AEH3aTOpU. BbIpekn TOBa, €JHO OCHOBHO HPEAU3BUKATEICTBO, CBBP3aHO C
BKJIFOUBAHETO Ha MAKCEHU B CTPYKTYPUTE Ha CYNIEPKOHJIEH3aTOPUTE, € [10sIBaTa Ha CJIENBaHE, IPH
KOETO OTJEIHUTE MAaKCEHOBM JIIOCIIM C€ arjioMepupar, KOETO BOJM JI0 HaMaJeHa
IIPOU3BOJUTENIHOCT Ha enekTpona. M3cineaBaHu ca NPUYMHM 3a CIENBAHETO M IMOAXOJIUTE 3a
HErOBOTO NPEIOTBpATsABaHE, Mpeasaralku HJeH 3a IMPOEKTUPAHETO M pa3paboTBaHETO Ha
BHCOKOITPOU3BOIUTENIHYU CYNIEPKOHIEH3aTOpU Ha Oa3aTta Ha MakceHH. Mopdoorusara u pa3mMepbT
Ha MaKCEHOBMTE JIIOCIH, XUMHITa Ha MOBBPXHOCTTAa WM, Jle0enuHaTa, ChOTHOIIECHHETO
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MMOBBPXHOCT/00EM, TEXHHKUTE 3a 00paboTKa Ha eJIEKTPOAHWTE (BKIIOUUTEIHO H300p Ha
pa3TBopuTeN, H00aBIHE HA MPUMECH M TEXHOJIOTHS HA OTJIAaraHe) W MapamMeTpuTe Ha OKOJIHATA
cpeaa ca MOCOYEHH KaTo OCHOBHUTE (PAKTOPH, BOJCIIM JO CIICNBAaHE Ha MAKCEHOBHUTE JIMCTOBE.
Cpen crpareruure 3a CMEKYaBaHE Ha TOBA MPEAU3BUKATEICTBO Ca pasriieJaHd MOBbPXHOCTHATA
(GyHKIIMOHATN3AlMS W TACUBAIUs, WHTETPUPAHETO C IMOJUMEPHH MATPUIM WIH BBIIICPOIHU
HaHOMaTepHaly, KaKTO ¥ ONTHMH3alusATa Ha oOpaboTkara Ha enekrpogute. Ilpeamnonoxenu ca
BB3MOXHH IBTUINA 32 ONTHUMH3AIMSI U ObJICIIM HACOKM Ha M3CIEABaHE, KAaTO HOBU CHhCTABH HA
MaKCEHHU, KOHTPOJI Ha MPOIECUTE, MPOTHYAIIN Ha MPEXOJUTE M B3aUMOJICHCTBUSATA E€IEKTPOI-
SIIEKTPOIIUT, Pa3pabOTBaHE HA YCHBBHPIICHCTBAHH CIIEKTPOJHU apXUTEKTYpU U MHTETPUPAHE HA
CUCTEMH 32 ChXpaHEHUE Ha SHEPTHSL.

B.2. Aleksandrova, M., Pandiev, 1., Printed Piezoelectric Harvester for Integration in a Wearable
Energy Storage Device, Proceedings of the International Spring Seminar on Electronics
Technology, ISSE 2024, 15 May 2024-19 May 2024, Prague, Czech Republic, ISSN: 2161-2528
(SJR 0.176, Q4)

This study showcases a printed flexible piezoelectric energy harvester with PVDF-TrFE and silver
electrode, organized as a double-sided coating onto the polyethylene terephthalate (PET) substrate,
thus forming the front side electrode for the PENG and backside electrode for a storage thin film
element. A dielectric film of ALOs and the top electrode of poly(3.4-
ethylenedioxythiophene):poly(styrenesulfonate)(PEDOT:PSS)/ graphene composite are applied
by printing, realizing layer-by-layer assembly. The capabilities of the energy harvesting devices
were characterized by a one-point eclipsed bending test, and the experimental results are presented
to substantiate the potential utility of the fabricated device. This method provides a more controlled
and uniform loading scenario for accurate testing without dependence on the sample length. It was
found that loading of 100 g/cm? produces a symmetric electrical signal with a magnitude of ~ +0.4
V from a sample with an area of 2.5 cm?. This voltage is sufficient to drive the charging of a sample
supercapacitor, which will be investigated further.

HacrosmoTro uscnenBane npeacTaBs MeYaTeH I'bBKAB MUE30€IEKTPUUYEH U3TOYHUK HA €HEPrus ¢
¢depoenextpuyen nonmumep PVDF-TrFE u cpedbpen enexktpoa, opraHu3upaH KaTo JBYCTPAHHO
MOKpUTHE BBPXY I'bBKaBa MOIJIOKKa OT monuerwieH tepedranar (PET), kato mo To3u HauuH
o0pa3yBa MpeAHUs eIEeKTPOJ] 32 HAHOT€HepaTopa U 3aJHHs €JIEKTPOJI 3a €IEMEHTA 3a ChbXpaHEHHUE
Ha THHKOCIIOEH ejeMeHT. JluenexktpuueH cioil oT AlbOs; U ropeH eneKkTpoa OT KOMIIO3UT Ha
nonu(3,4-etunenanokcu-tTuoden):nonu(crupencyiadonarna kucenuna)(PEDOT:PSS)/rpaden ce
HaHACAT Ype3 CHUTOIeYaT, peaju3upailku aceMOJMpaHeTO Ha clloeBe. BB3MOXXHOCTHTE Ha
yCTpOMCTBaTa 3a JOOMB Ha €HEPIHsl ca XapaKTepU3UpPaHU Ype3 TECT 33 MEXaHUYHO HaTOBapBaHE
KaTo € yCTaHOBEHO, ue HaToBapBaHe oT 100 g/cm? pou3Besk/1a CUMETPUYEH eeKTPHUECKU CUTHA
¢ rogemuHa okono +0,4 V or mpoba c¢ mwiom 2,5 cm?. ToBa HampexeHHe € I0CTaThUuHO 3a
3apeKJaHe Ha CYTIEpKOH/IEH3aTOpHA CTPYKTypa.



B.3. Aleksandrova, M., Tsanev, T., Kadikoff, B., Alexandrov, D., Nedelchev, K., Kralov, I.,
Piezoelectric Elements with PVDF-TrFE/MWCNT-Aligned Composite Nanowires for Energy
Harvesting Applications, Crystals, 2023, 13(12), 1626, ISSN: 2073-4352 (IF 2.4, Q2)

A self-sustainable power supply function with flexibility, mechanical stability, and lightweight
quality is among the required properties for pressure sensors and other low-power-consuming
electronics and wearable devices. In this work, a poly(vinylidene fluoride-trifluoroethylene)/multi-
walled carbon nanotube (P(VDF-TrFE)/MWCNT) composite was prepared to increase the
electrical conductivity of the piezoelectric polymer and, thus, improve its electrical power
generation capabilities. It was soaked by injection molding through an anodic aluminum oxide
membrane to align vertically with the dipoles and exclude the possibility of dipole moment
quenching. The composite membrane-type element exhibited an excellent piezoelectric coefficient
d33 of 42 pC/N at a frequency of 50 Hz and an applied force intensity of 10 N, while the sensitivity
was ~375 uV/g, which is favorable for self-powered pressure sensor application. The resulting
composite element was utilized to generate the piezoelectric signal and to investigate the
dependence of the electromechanical behavior on the surface roughness, morphology, and contact
interface resistance.

OyHkiusATa 32 caMoo0ecreyaBamio ce 3axpaHBaHe, CbhueTaBamla I'bBKABOCT, MEXaHWYHA
CTaOMIIHOCT W HUCKO TETJIO, € cpell HeoOXOAMMHUTE CBOWCTBA 32 CEH30pHW 3a HaJsITaHe M Jpyra
SJICKTPOHMKA C HUCKA KOHCYMallds Ha €HEPrus, KaKTO U HOCUMH YCTpOHCTBa. B HacTosmoTo
U3CJICBAHE € CHHTE3MPAH KOMIIO3UT OT MOJU(BHHHINACH (Iyopua-TpudiIyopoeTuiieH)/
MHOrocTeHHH BbryiepogHu HaHOTpBOMUkH (P(VDF-TrFE)/MWCNT) ¢ men ga ce yBenuuu
EIIEKTPUYECKATa MPOBOJAMMOCT HA MUE30CNICKTPUYHHS TIOJIMMED | 110 TO3H HAYWH J1a ce Moxo0pH
HEroBaTa CIIOCOOHOCT 3a T€HEpUpPaHE Ha eJeKTpudecka eHeprus. [IponechT Ha MMIIpETHHpaHE
Oelle U3BBPIIEH Ype3 HHKEKIMOHHO (POpMOBaHe Mpe3 MeMOpaHa OT aHOJICH allyMHUHHEB OKCHU]I, 32
Ja Cce TOCTUTHE BEPTUKATHO TMOApPEeXJaHe Ha JTUIONUTe M Ja Cce MperoTBpaTu
€JIIEKTPOHEYTPATU3UPAHETO HA JUIOIHUSA MOMEHT. KOMIO3UTHHUAT MEMOpaHEH €JIeMEHT MpOsSBU
OTIU4YeH nue3oenekTpuueH koeduiuent ds; ot 42 pC/N mpu yectota 50 Hz u mpunoxeHa cuna ot
10 N, xaTo 4yBCTBUTEIHOCTTA My Oeliie okoiio 375 pV/g, KoeTo e OIaronpusaTHO 3a MPUIOKESHUS
Ha CEeH30pH 3a HamsraHe. [lomydeHusT KOMIIO3UTEH eleMeHT Oellle M3IMOJI3BaH 3a MU3Cje/IBaHe Ha
3aBHUCHMOCTTa Ha EINEKTPOMEXaHHMYHOTO TOBEJEHHWE OT TOBBPXHOCTHATA TIparaBocCT,
MOp(}oIOTHATa U KOHTAKTHOTO CHIIPOTHUBIICHUE HA TIPEX01a.

B.4. Aleksandrova, M., Pandiev, L., Singh, A K., Implementation of 3w Method for Studying the
Thermal Conductivity of Perovskite Thin Films, Crystals, 2022, 12(10), 1326, ISSN: 2073-4352
(IF24,Q2)

In this paper, an approach for precise determination of the thermal conductivity of novel lead-free
perovskite thin films by 3w method, realized with a field programmable analog array circuit, is
presented. The objective of the work is to study the relation between the thermal conductivity of
the photoelectric perovskites and the thermal stability of the solar cells, in which they are
incorporated. It is found that the solar cells’ long-term stability under different exploitation
conditions, such as continuous illumination and elevated temperatures, is affected to a different
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extent, according to the thermal conductivity. The developed setup for implementation of the 3w
method is adapted for thin-film samples and can be applied to all layers involved in the solar cell,
thus defining their individual contribution to the overall device thermal degradation. According to
the conducted measurements, the coefficients of thermal conductivity for the novel materials are
as follows: for the iodine-based perovskite film, it is 0.14 W/mK and for the chlorine-based
perovskite film, it is 0.084 W/mK. As a result, the thermal instability and degradation rate at
continuous illumination are, respectively, 10.6% and 200 nV/min for the iodine-based perovskite
solar cell, and 6.5% and 20 nV/min for the chlorine-based cell. At elevated temperatures up to 54
°C, the corresponding instability values are 15 pV/°C with a degradation rate of an average of 2.2
pwV/min for the cell with iodine-containing perovskite and 300 nV/°C with a degradation rate of 66
nV/min for the cell with chlorine-containing perovskite.

B nHacrosimara craTtus ce npeAcTaBs MOAX0 3a IPELU3HO OMpeeisHe Ha TOIUIONPOBOAUMOCT Ha
HOBU O€30JI0BHM MEPOBCKUTHH THHKU CIOEBE 4Ype3 MeEToia ,,30", peaJu3upaH C MOMOIITa Ha
mporpaMupyeMa aHajnoroa marpuia. llenta Ha u3cienBaHeTO € Ja ce U3Clie[Ba 3aBUCUMOCTTA
MEX/1y TOIUIONPOBOAMMOCTTA Ha (POTOCNEKTPUUHUTE MIEPOBCKUTH U TEPMUYHATA CTAOUITHOCT HA
CIIbHYCBUTE KJICTKH, B KOUTO T€ Ca MHTETPUPAHU. Y CTAHOBEHO €, Y€ JBJIFOCPOYHATA CTAOMITHOCT
Ha KIETKATE MPH PA3JIMYHU YCJOBHSI Ha EKCIUIOATAIMs, KaTO HEMPEKhCHATO OCBETIICHHE WU
MTOBUIIICHA TEMIIEPATypPH, C€ BIIUsE B pa3IMYHA CTEIICH OT TOILIONPOBOIUMOcCTTa. PaspaboreHara
YCTAaHOBKA 3a IMpUJaraHe Ha MeToaa 3@ € aJanTHpaHa 3a ThHKOCIOWHH MPOOM W MOXKE Ja ce
MPWIOKH HA BCHUYKH CJIOCBE, y4YacTBAIld B CJIbHUEBATa KJIETKA, KATO TakKa C€ OMIpeels
WHIUBUAYATHHSIT UM TPUHOC KBbM O0IaTa TOIUIMHHA Jerpajaius Ha ycrpoiictBoro. Cropen
MIPOBEJICHUTE W3MEPBaHUs, KOS(HUIIMEHTUTE HAa TOIUIONMPOBOJHOCT 33 HOBHTE MaTepHald Ca
CIICTHUTE: 3a TICPOBCKUTHUS CJIOM Ha OCHOBara Ha ¥ox, Toi ¢ 0,14 W/m.K, a 3a nmepoBCKUTHHUS
cJioi Ha ocHoBara Ha xJiop, € 0,084 W/mK. B pesynrar, TepmuuHaTa HECTaOUITHOCT U CTEIICH Ha
BJIOIIIABAHE MPHU MPOIABIDKATETHO HEMPEKbCHATO OCBeTsABaHE ca choTBeTHO 10,6% 1 200 nV/min
3a CTbHUEBATA KJIETKAa HAa OCHOBaTa Ha o, 1 6,5% u 20 nV/min 3a KJ1eTKkaTa Ha OCHOBAaTa Ha XJIOp.
[Tpu noBumenu temmneparypu a0 54 °C, cbOTBETCTBAIIUTE CTOMHOCTH Ha HecTaOWIHOCTTa ca 15
pV/°C cbc cKOpoCT Ha BiOIIaBaHe OT cpeaHo 2,2 nV/min 3a KjIeTkaTta ¢ MepoOBCKUT HA OCHOBATa
Ha Hox u 300 nV/°C cbc ckopocT Ha BiomaBaHe oT 66 nV/min 3a KiIeTKaTa ¢ MEPOBCKUT Ha
OCHOBATa Ha XJIOP.

B.5. Aleksandrova, M., Tudzharska, L., Nedelchev, K., Kralov, 1., Hybrid Organic/Inorganic
Piezoelectric Device for Energy Harvesting and Sensing Applications, Coatings, 2023, 13(2), 464,
ISSN: 2079-6412 (IF 2.9, Q2)

Novel hybrid organic/inorganic flexible devices with composite films, consisting of Bao 5Sro.sTiO3
(BST), were prepared by inserting BST nanocoating under spray deposited Poly-vinylidene
fluoride-based co-polymer PVDF-TrFE. The study validated that the crystalline structure of BST
remains unaffected by the presence of polymer. The 3D atomic force microscopic image of the
composite sample confirmed the improved surface roughness and contact conditions after spraying
the polymer. As a result, the hybrid sample exhibited a higher polarization current with reduced
impedance and parasitic inductance. The enhancement of the stability of the piezoelectric



parameters at multiple bending was observed for the hybrid sample in comparison with the BST
single film transducer. The drop of the root mean square (RMS) voltage was 70% after
approximately 340,000 numbers of bending against less than 3% for the hybrid BST+PVDF-TrFE
device. Due to the effect of the separate layers and summed net charges, the piezoelectric voltage
of the hybrid device was competitive to the piezoelectric oxide films, despite the lower
piezoelectric coefficient of the polymer. The proposed solution paves the path toward lead-free,
wearable energy harvesting devices for low-power consuming electronic devices.

HoBu xubpuanu opraHuuHU/HEOPraHUYHU I'PBKABH YCTPOMCTBA C KOMIIO3UTHU CIIOEBE, CHCTOSIIH
ce oT BaosSrosTiO3 (BST), 6sxa nzrorBenu upe3 Hanacsine Ha BST nanonokputus, Gopmupanu
noa mynBepusupan nuezonoiaumep PVDF-TrFE, na 6a3ata Ha monmBuUHWIMACH IU(IyOpHUI.
W3cneaBanero mnoTBBbpAM, 4Ye KpucranHata crpykrypa Ha BST ocraBa HeumsmeHeHa 1oj
BB3/IeiicTBUETO Ha ToauMepa. 3D nzobpaxeHusiTa 0T aTOMHO-CHIIOB MUKPOCKOI Ha KOMITO3UTHATa
npo6a MOTBbPM HaMaJIeHa IParnaBoCcT Ha MOBBPXHOCTTA U MO100psABaHE HA KOHTAKTHUTE YCIOBHS
Ha IPEeXOUTE clie]] HaHACSHE Ha rmoiuMepa. B pesynrat, XuOpugHusaT 00pasell moka3Ba mo-BUCOK
MOJIAPU3ALMOHEH TOK C HaMaJeHU MMIIEJaHC M Mapa3uTHAa MHAYKTHBHOCT. beie HabmronaBaHo
no00peHne Ha CTAOMIIHOCTTa Ha MHE30€IeKTPUYHUTE ITapaMeTpy MPHU MHOTOKPATHO OT'bBAaHE 3a
XxuOpugHHs 00paselr] B CpaBHEHHE C €IHOCIIOCH IpeolpasyBaTen Ha ocHoBaTa camo Ha BST. 3a
BST, namanenuero na cpeqnokBaapatuynata (RMS) croitHoct Ha Hanpexkenueto oeme 70% cnex
npubm3uTeHo 340,000 oreBaHus, B CPABHEHHE C MO-MAIKO OT 3% 3a XHOPUIHOTO YCTPOHCTBO
BST+PVDF-TrFE. Ilopaau BiIuSHUETO Ha OTAEIHUTE CJIOEBE U CyMapHHUTE 3apsiiM,
MUE30€TICKTPUIHOTO HANPEKECHWE Ha XUOPUAHOTO YCTPOHMCTBO O€ KOHKYPEHTOCHOCOOHO C
MTUE30KEPAMUYHUTE OKCHIHH CIIOEBE, BHIIPEKU €CTECTBEHUS MO-HUCHK MMME30MOYJI Ha MOJIMMEpA.
[IpemioskeHOTO pereHre OTBaps MbTSA KbM pa3BUTHE Ha O€30JI0BHU HOCHMH CTPYKTYPH 32 TOOUB
Ha CHEprus, MpeTHa3HAuCHH 32 3aXpaHBaHEe Ha MAJIOMOIIIHYU €JIEKTPOHHH yCTPOICTBA.

B.6. Tomov, R., Aleksandrova, M., Study of Lead-Free Perovskite Photoelectric Devices with
TiO» as a Buffer Layer, Sustainability, 2022, 14(16), 10043, ISSN: 2071-1050 (IF 3.9, Q2)

In this work, a titanium oxide buffer layer was explored as a possible buffer electron transporting
layer (ETL) with iodine-tin-based perovskite material for enhancement of a thin-film lead-free
perovskite solar cell. The open-circuit voltage of the device was used as an indicator for the
interface energy barrier’s change with the thickness of the TiO,. The buffer and photoabsorbing
layers were deposited by vacuum reactive sputtering and a low-temperature ion-assisted process
from a confocal sintered source, respectively, allowing precise tuning of the film properties and
reproducibility of the solar cell behavior. The surface roughness of the buffer layers was
investigated by atomic force microscopy and together with the measured absorbance spectra
conclusions about the optical losses in the device were made. It was found that the highest voltage
was generated from the structure with 75 nm-thick ETL. The electrical behavior of the cell with
this buffer layer was additionally studied by impedance measurements. Small interface capacitance
and contact resistance were obtained and considered suitable for photodetector fabrication. The
practical applicability of the structure with a dual function of self-powered photodetection was
demonstrated by the measurement of the response time.



B nHacrosmoTo u3zciensane 6eiie u3ciaeBaH TUTAHOB JUOKCH]I KaTO Bb3MOXKeH OydepeH ciaoi 3a
npeHoc Ha enektpoHu (ETL) B komOuHANMs ¢ MEPOBCKUTEH MaTepHasl Ha MOJHA OCHOBA, C LIEJ
noo0psiBaHe Ha MPOM3BOJICTBOTO HA OE30JI0BHU THHKOCIOHHHM MEPOBCKUTHU CIIbHYEBU KIIETKH.
Hanpexenuero Ha oTBOpeHa Bepura Ha YCTPOWCTBOTO Oe€llle M3MOJI3BAHO KAaTO MHJMKATOP 3a
poMsiHaTa B eHepruiiHaTa 6apruepa Ha Mpexo/1a MeXy CIIOEBETE B 3aBUCUMOCT OT AeOeInHaTa Ha
TiO2. Bydepuute u ¢oroabcopOupammre cioeBe Osxa HAHECEHH Ype3 BaKyyMHO DPEAKTUBHO
pasmpariBase, aIalTHPAHO Ype3 HUCKOTEMIIEPATypeH Mpolec ¢ HOHHO-aCUCTUPAHO KOH(OKATHO
pasmpalliBaHe, KOETO I103BOJIsIBA IPEIM3HO HACTPOilBAaHE Ha CBOWCTBaTa Ha Closd U
BB3IPOU3BOIMMOCT Ha IOBEJACHUETO Ha coJjlapHaTa KieTka. [loBbpXHOCTHaTa rpamaBoCT Ha
OydepHuTe ciioeBe Oelie W3CiIeIBaHA ¢ AaTOMHO-CHUJIOBA MUKPOCKOIUS M 3a€JHO C M3MEPCHHUTE
CIEeKTpH Ha abcopOmust OsiXxa HampaBeHW 3aKIIOYEHHs OTHOCHO ONTHYHUTE 3ary0Mm B
YCTPOMCTBOTO. Y CTAaHOBEHO Oellle, Ye Hali-BUCOKOTO HAIMPEKEHUE € TEHEPUPAHO OT CTPYKTypa C
ETL ¢ nebenuna 75 nm. EnexTpuueckoTo MmoBeAeHUE Ha KJeTKaTa ¢ To3u OydepeH cinoii Oerre
JOMBIHUTETHO M3YyYEHO 4pe3 UMIEIaHCHU M3MepBaHUs. bsixa MoilydeHH Malku CTOWHOCTH Ha
MPEXOJHUTE KamalUTeTH U KOHTAKTHU CBHIPOTUBJICHHS, KOUTO C€ CUMTAT 3a MOIXOSNIM 3a
MpOU3BOJICTBO Ha ¢otoaerekTopu. [IpakTuueckara MpUIOKUMOCT Ha CTPYKTypara C JBOMHA
GbyHKIMS Ha caMo3axpaHBalll ce (OTOAETEKTOp Oellle IeMOHCTPUPAaHa Ype3 U3MEpPBaHe Ha BPEMETO
3a peaxiusl.

B.7. Aleksandrova, M., Tomov, R., Vrublevsky, 1., Study of Lead-Free Perovskite Solar Cells at
Elevated Temperatures and UV Irradiation, 2022 3Ist International Scientific Conference
Electronics, ET 2022 - Proceedings, Sozopol, 13 September 2022-15 September 2022, Sozopol,
ISBN:978-1-6654-9879-1

In the present work, the change of the electrical performance is investigated for two lead-free
perovskite materials with novel iodide-based and bromide-based compositions under different
exploitation conditions, such as light-induced stress, elevated temperatures and ultraviolet light
exposure. The charge transport properties are studied in more detail by spectroscopic methods for
the cell with the iodide layer due to its greater stability, aiming to understand the degradation
mechanism. The results show that this perovskite exhibited excellent stability at UV exposure and
acceptable stability at continuous illumination at 600 nm. The device is stable up to 55 °C, when
the photovoltage drops. Beyond this threshold temperature, a phase change transition occurs related
to traps formation and charge carriers escaping, which affects the photovoltage and it slightly
increases.

B nacrosimara paboTta ce u3ciieBa IMpoMsiHATa B EIEKTPUUYECKUTE XapaKTEPUCTUKH Ha JIBa
0€30JI0BHU TIEPOBCKUTHU MaTepHalia ¢ HOBU ChCTaBH Ha OCHOBaTa Ha WOAUIU U OpOMUIM TpHU
pa3IMYHU YCIIOBUS HA EKCIUTOaTallus, KaTo CTpec, WHAYIHpPAaH OT OCBETSABaHE, MOBUIIECHU
TEMIEpaTypy U U3JIaraHe Ha yITPaBHOJIETOBA CBeTNUHA. [I[peHOCHT Ha TOKOHOCUTENH € U3CIIeBaH
MO-TI0JIPOOHO € MMOMOIITAa Ha CIEKTPOCKOIICKH METOJIM CaMo 3a KJIIETKaTa C HOUIHUS CIIOH, TTopaIn
MO-BHUCOKaTa M CTA0MIIHOCT, C IeJ Ja ce pa3depe MeXaHWu3MbT Ha Jerpanainus. Pesynrature
MTOKa3Bar, 4e TO3M MEPOBCKHUT JEMOHCTPHPA OTINYHA CTAaOMITHOCT TipH m3naraHe Ha UV cBeTHA
U TpUeMiIMBa CTaOMJIHOCT MpPH HENMPEKbCHATO OCBETJIEHHE C JIbJKMHA Ha BbiaHata 600 nm.



YerpoiicTBoTO ocTaBa cTadbmitHo 110 55 °C, koraTo (hOTOCIESKTPOABHMIKEIIIOTO HAMPEKEHUE 3aIT09Ba
na cnana. Crex TO3M TpaHMUYEH TEMIEpaTypeH Npar HacThlBa (a3soB MpPEXOi, CBBP3aH C
oOpa3yBaHeTo Ha JedeKTH (,,YIIOBKH * 32 TOKOHOCUTEIIUTE) U OCBOOOKIABAaHETO HA TOKOHOCHUTENH
OT YJIOBKHTE, KOETO BiIHsie Ha (POTOHATIPEIKEHUETO, KOETO JIEKO Ce YBEINYaBa.

B.8. Vrublevsky, I.A., Lushpa, N.V., Tuchkovsky, A.K., Aleksandrova, M.P., Bunevich, M.A.,
Applying Aniline for P-doping of PEDOT:PSS Films to Improve Their Conductivity and
Efficiency of Perovskite Solar Cells, 2022 31st International Scientific Conference Electronics, ET
2022 - Proceedings, 2022, Proceedings, Sozopol, 13 September 2022-15 September 2022, Sozopol,
ISBN:978-1-6654-9879-1

Poly(3,4-cthylenedioxythiophene):polystyrene sulfonate (PEDOT:PSS) is responsible for hole
extraction efficiency and hole transport in the perovskite solar cell structure. The inclusion of PSS
reduces the conductivity of the PEDOT films, which inhibits hole transport and results in a low
photo current of the perovskite solar cell. In this work, an aniline solution was used as an additive
in the PEDOT: PSS thin film to increase electrical conductivity. Two different methods were used
to incorporate the additive: surface and volume treatment. The results show that the surface
treatment with aniline solution can significantly increase the conductivity of PEDOT:PSS film.
Moreover, the photoconversion efficiency of the perovskite solar cell with such a PEDOT:PSS
layer is increased 1.5 times compared to the untreated one.

[IpoBogsmuar noaumep PEDOT:PSS e otroBopen 3a epekTUBHOCTTa Ha U3BJIMYAHE HA TYIKU U
IIpEHOCAa Ha JAYyNKH B CTPyKTypaTa Ha IIEpOBCKUTHATa cCOJapHa KIETKa. BKiIouBaHETO Ha
nonucTupencyndponaTHa kucennna PSS namanssa mpoBoaumocTTa Ha ciioeBere oT PEDOT, koeto
BB3IPENATCTBA IPEHOCA Ha TyNIKH U BOJU 10 HUCHK (DOTOTOK Ha MEPOBCKUTHATA COJapHa KIIETKa.
B ToBa u3cnenBane, pa3TBOp Ha aHWJIMHOBA KHCEIUHA Oellle U3MOA3BaH KaTo Jerupaina Jo0aBKa
3a ThHKUA ci10it oT PEDOT:PSS ¢ nen yBennuaBaHe Ha eIeKTpONpoBoAUMOCTTA. M3non3Banu 6s1xa
JIBa pa3IM4YHM METOJa 3a HMHTErprupaHe Ha J100aBKaTa: MOBBPXHOCTHO U OOEMHO TpETHpaHe.
Pesynrarure nokaspar, 4e MNOBbPXHOCTHOTO TPETUPAHE C PA3TBOP HA AaHWJIMHOBA KHUCEJIMHA MOXKE
3HAQYUTENHO J1a yBennuu mpoBoguMoctTa Ha ciosi PEDOT:PSS. Ocsen ToBa, ehekTUBHOCTTA Ha
(boToeneKTpUYHO Npeodpa3zyBaHe Ha NEPOBCKUTHATA cojlapHa kiieTka ¢ TakbB ciioif PEDOT:PSS e
nonod6peHa 1,5 mbTu B cpaBHEHUE ¢ HEOOPAaOOTEHNUs IO TO3U HauMH oOpasell.

B.9. Sohan, A., Banoth, P., Aleksandrova, M., Nirmala Grace, A., Kollu, P., Review on MXene
synthesis, properties, and recent research exploring electrode architecture for supercapacitor
applications, International Journal of Energy Research, 2021, 45(14), pp. 19746—19771, ISSN:
0363-907X (IF 4.2, Q1)

MXenes have potential applications in the field of supercapacitors. As a two-dimensional material,
how its structure, properties, and surface chemistry facilitate energy storage is discussed. A detailed
analysis of the synthesis of MXenes and factors affecting energy storage in supercapacitor grounds
is explained in detail. Possibilities of anode architecture to improve supercapacitor performance on



industrial standards are discussed. This review will aid in planning better MXene hybrid anodes to
assemble supercapacitors with desired electrochemical performance. Ways to improve capacitance,
energy density, and voltage window of electrodes are explained based on literature reports.
Electrochemical performance is evaluated by the effect of hierarchical structures, heterostructures,
transition metal oxides, carbon compounds, polymers, and so on. Anode fabrication methods for
modern micro-supercapacitors are also incorporated in this study. A good selection of electrolytes
and fabrication techniques adapted for MXene-based anode fabrication is emphasized. This review
will help in future options of supercapacitor anode designing.

MXenes uMat MOTEHIMATHYU MPUIIOKEHUS B 00J1acTTa Ha CylepKoHaeH3aropurte. Kato nBymepen
MaTepual, B CTaTUsTa ce 00ChKAa KaKk CTPYKTypara, CBOMCTBAaTa U MOBBPXHOCTHATA XUMHS Ha
MXenes yiecHABaT ChbXpaHEHHETO Ha eHeprus. HampaBeH e moapoOeH aHaiau3 Ha CHHTE3a Ha
MXenes u (akTOpuTe, KOUTO BIUSSAT Ha ChXPAHEHHUETO HA €HEPIUsl B CyNEpPKOHICH3ATOPHUTE.
OO6chaeHn ca BB3MOXKHOCTUTE 3a apXUTEKTypa Ha aHojda, KOWTO Ja MOA0OpAT
MIPOM3BOIUTEIIHOCTTA Ha CYyNEePKOHICH3aTOPUTE CIIOpEe]] MHyCTpUAIHUTE cTaHaapTu. Ha 6a3ata
Ha JUTEpaTypHU [aHHU Ca CpPaBHEHUE pA3IMYHU HAYMHU 3a MOAO0OpsSBaHE Ha KaraluTeTa,
IINITBTHOCTTA Ha CHCprusiTa nu HAITPEIKCHUCTO Ha CJIICKTPOAUTCE. EJIGKTI)OXI/IMI/I‘IHaTa
MIPOU3BOIUTEITHOCT CE€ OICHSBA B 3aBUCUMOCT Ha MEPApXUUHUTE CTPYKTYPH, XETEPOCTPYKTYPUTE,
OKCHAWTC HAa NPCXOAHHUTE MCTAJIU, BBITICPOAHUTC CHbCANHCHUSA, ITOJIMMCPUTEC U AP. MCTOIII/ITe 3a
MoJTyyaBaHe Ha aHOIU 32 ChbBPEMEHHH MHKPO-CYNEPKOHIEH3aTOPH CHIIO Ca BKJIIOYEHU B TOBA
nscnenBane. [logpoOHO KOMEHTHpPaH € MOJA00PHT HA EICKTPOJIUTH U TIPOU3BOJACTBCHH TCXHHKH,
aJanTUPAHU 3a U3TPAKIAHE HA aHOAU HAa OCHOBaTra Ha MXene.

B.10. Aleksandrova, M., Pandiev, 1., Application of Thin Film Ultralow-Power Lead-Free
Perovskite Solar Energy Harvesters in Power Management Systems, Proceedings of 28th
International Conference on Mixed Design of Integrated Circuits and Systems, MIXDES 2021,
2021, pp. 197-202, 9497505, 24-26 June 2021, Lodz, Poland. ISBN:978-1-6654-4348-7

Lead-free thin film perovskite solar cell is fabricated and characterized in terms of short-term
stability at temperature and light exposure intensity variations. The performance of the proposed
energy harvesting element is analyzed for its applicability to charge a supercapacitor (SC). Two
possible power management systems are studied and recommendation for using is given based on
the charging rate. It is found that the combination of quantum dots with lead-free perovskites
expands the absorption in the visible spectrum below 500 nm, which improves the spectral
sensitivity of the cell and stabilizes its response at white light. It is found that the power processing
system with discrete components exhibits maximum charging rate of 1.2 mV/min, vs. 53 uV/min
obtained with monolithic DC-DC convertor, which results in faster reaching the full capacity of
the SC for less than 5 hours (the typical charging time of the selected storage element). The
temperature instability of the output electrical power during this time is 1.8 %/°C at maximum light
intensity of 10 000 cd/m2. This is superior, when compared to the non-perovskite thin film solar
cells, exhibiting typical instability values of 2-2.2 %/°C.

be3osoBHa THHKOCIIOWHA TIEPOBCKUTHA COJapHA KJIETKA € KOHCTpyHpaHa M XapakTepu3upaHa Io
OTHOIIIEHHE Ha KPAaTKOCPOYHA CTAOMIHOCT NPU M3MEHEHHUS B TeMIlepaTypaTa ¥ WHTEH3UBHOCTTA
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Ha cBeTIMHHMS NOTOK. [IpencraBenarta eHepruiiHa cucreMa 3a JOOMB Ha €HEPrUsl € aHaJIU3upaHa
110 OTHOLICHHE Ha MPHUIIOKUMOCTTA CH 3a 3apeXkIaHe Ha cynepKoHeHs3arop. Mzciensanu ca aBe
BB3MOKHU CHCTEMH 3a YIPaBICHHE HA CHEpPrusATa, Karo ce MpaBsT Mpernopbku Ha Oazara Ha
CKOpOCTTa Ha 3apexJaHe. YCTAaHOBEHO €, 4e KOMOMHAIMATa OT KBAaHTOBHU TOYKH C O€30JI0BHU
MIEPOBCKUTH TpeMecTBa abcopOuMoHHHMS pbhO BBB BUAMMHUA crekTbp mon 500 nm, Koero
noo0psiBa CHEKTpaJHATa YyBCTBUTEIHOCT HA KJIETKAaTa W CTaOMIM3Upa OTroBopa M mnpu Osia
ceernuHa. OTKpUTO €, ye cucTemara 3a o0paboTKa Ha MOIIHOCTTA C JMCKPETHH KOMIIOHEHTH
MOKa3Ba MaKCUMaJIHA CKOPOCT Ha 3apexnaane ot 1,2 mV/min, ciupsmo 53 pV/min, nonxydeHu c
moHonuter DC-DC npeoOpasyBaren, KOETO BOAM JI0 TO-0BbP30 JOCTUTAHE HA MTBIHUS KalaluTeT
Ha SC 3a mo-mMaJko OT 5 yaca (TUIIMYHA CKOpPOCT Ha 3apeXJaHe 3a M30paHus €JIEMEHT 3a
cbxpaHeHne). HectaOnirHOCTTa Ha U3XO/AHATA €IEKTPUYECKa MOIIHOCT MO0 BpEME Ha TO3H IEPHO
e 1,8 %/°C npu mMakcumaieH ceeTiuHeH uHTeH3uteT oT 10 000 cd/m?. ToBa € 3HAYMTENHO TIO-
no0pa CTOMHOCT B CpaBHEHHE C THHKOCIOWHU COJIAPHM KIIETKH, KOUTO He ca Oa3upaHu Ha
MEPOBCKHUTH U MOKA3BaT TUIIMYHU CTOMHOCTH Ha HECTaOMIHOCT OT 2-2.2 %/°C.

B.11. Aleksandrova, M.; Pandiev, 1. Electrical Characterization of a Novel Piezoelectric-
Enhanced Supercapacitor with a PET/ITO/PVDF-Tr-FE/PEDOT:PSS:Graphene/LiTaOs/Al
Structure. Crystals 2025, 15, 660, ISSN: 2073-4352 (IF 2.4, Q2)

This paper presents the electrical characterization of a flexible supercapacitor with a unique
architecture incorporating a piezoelectric PVDF-TrFE film sandwiched between
PEDOT:PSS:Graphene and LiTaO; as a charge-generating and charge-transferring layer.
Impedance spectroscopy measurements reveal frequency-dependent capacitance behavior,
reflecting the contributions of both piezoelectric and supercapacitor capacitances. Charge—
discharge cycling tests demonstrate the device’s energy storage capabilities and indicate a potential
enhancement through the piezoelectric effect. Supercapacitor cycling tests demonstrate the
device’s energy storage capabilities, with an estimated specific capacitance of 10.14 F/g, a power
density of 16.3 W/g, an energy density of 5.63 Wh/kg, and a Coulombic efficiency of 96.1% from
an active area of 1 cm?. The proposed structure can serve as an independent harvester and storage
for low-power, wearable sensors.

Ta3m craTus mpencraBs €IEKTPUUECKOTO XapaKTEpU3MpaHE Ha I'bBKAaB CYNEPKOHJIEH3ATOp C
YHUKAJIHA apXHUTEKTypa, BKIIOYBama nuesocnekrpudyeH ciod PVDF-TrFE, Hanecen Mexny
PEDOT:PSS:rpaden u LiTaOs, koifTo cioyku KaTto Cloi 3a reHepupaHe W NPEHOC Ha 3apsj.
N3mepBaHusATa ¢ MMIEAAHCHA CIEKTPOCKONMS II0Ka3BaT 3aBUCHUMO OT 4YECTOTaTa IIOBEICHHE,
OTpa3sBalll0 MPHUHOCA KaKTO HA MHE30eNIeKTPUYHHMS e(eKT, Taka M Ha KaramuTera Ha
CyNEpKOHJEH3aTopa. TecToBeTe IIpU LUKIMYHO 3apeKIaHe-pa3pexaaHe JIEeMOHCTpUpar
CIOCOOHOCTHUTE Ha €JIeMEHTa 332 ChbXpaHEHHE Ha €HEeprus U MOKa3BaT MOTEHIIMAIHO MOJ00peHue
OnarosapeHue Ha Jo0aBeHHs MOTEHIMAM OT NHe30eseKTpuuHus edekT. [Tomyyasa ce cnenuduueH
KamauTeT Ha cynepkoHaeHn3zaropa ot 10.14 F/g, mretHOCT Ha MomHocTTa 16.3 W/g, enepruiina
mwibTHOCT oT 5.63 Wh/kg u KynonoBa edextuBHoct or 96.1% or aktuBHa miouy 1 cm?.
[IpennoxxenaTta CTpyKTypa MOXKe J1a CIY>KH KaTo HE3aBHCHM T'€HepaTop U OaTepus 3a eHeprus 3a
MaJIOMOIIHA HOCUMU CEH30PH.



B.12. Hashmi, A., Jain, B., Singh, J., Aleksandrova, M., Kumar Singh, A., Facile Synthesis of
Bismuth-Based Perovskite and Solvent Engineering for Improving the Crystallinity of Lead-Free
Perovskite Material: A Microstructural Exploration, Proceedings of the 2021 6th International
Symposium on Environment-Friendly Energies and Applications, EFEA 2021, Sofia, 24-26 March
2021, 9406228, ISSN: 2641-5925

In this work, bismuth based perovskite thin film has been synthesized and the different solvent
precursor in lead-free methyl ammonium bismuth bromide (MABiBr3) perovskite thin film was
investigated. Initially, we have focused on the bismuth based material for the synthesis of lead-free
perovskite thin film, because this material is non-toxic elements and fulfil requirements of being
environmentally friendly. Moreover, bismuth is relatively stable as compared to other metal halides
and has a variety of uses in the commercial application field. There were three precursor solvents
used i.e., N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO) and gamma-butyrolactone
(GBL) for improving the crystallinity of the synthesized perovskite thin film and also increasing
the efficiency of the synthesized material. Thus, the present work compared the effect of five
different combinations of MABiBr3 with various solvents, i.e. only MABiBr3;, MABiBr;/DMSO,
MABIiBr;/DMF, MABiBr3;/GBL and MABiBr; with all three DMSO, DMF and GBL. The
synthesized MABiBr3 perovskite thin film was characterized by X-Ray diffraction (XRD) analysis
for structural investigation and the lattice strain was estimated by the Williamson-hall plot. The
results showed ordinary grain size, average interlayer spacing, dislocation density, and micro strain
of MABIBr3 perovskite film. MABiBrs/DMF/DMSO/GBL showed a good average particle size.
The stress of the synthesized perovskite thin film with different solvent precursor was compressive
to tensile stress as the solvent variation. The combined use of all three solvent precursors show a
good response to induce crystallinity of perovskite thin film.

B nacrosimaTta paboTta € CHHTE3UpaHO ThHKOCIIOMHO MEPOBCKUTHO MOKPUTHE Ha Oa3aTa HAa OMCMYT
U € W3CJe/IBaHO BIIMSHUETO Ha PA3IMYHU Pa3TBOPUTENM NPH MPOU3BOJICTBOTO Ha 0€30JI0BEH
MEPOBCKUT ¢ MeTuiaMoHueB 6ucMmyTeH O6pomusa (MABIiBr3). ITbpBoHadamHusT GOKyC € BbpXY
OMCMYTHHUSI MaTepuall 3a CUHTE3MpaHe Ha 0€30JI0BHO NMEPOBCKUTHO MOKPUTHE, Thi KaTo TOH e
HETOKCUYEH U OTrOBapsl Ha U3MCKBAHMATA 32 €KOJIOTHYHA Oe3omacHocT. OcBeH TOBa, OUCMYTHT €
OTHOCUTEJIHO CTa0WJIEH B CpaBHEHHME C JAPYIM METaJHM XaJOreHMIU U HMa pa3HOOOpasHH
npunoxenus.  M3nmom3Banu ca  Tpu  pastBopuTens:  aumMerwigopmamuy  (DMF),
mumetuicyndokens (DMSO) u rama-6ytuponakton (GBL) 3a nogoOpsiBaHe Ha KpHUCTaTHOCTTa
Ha CHUHTE3UPAHOTO MEPOBCKUTHO MOKPUTHE M yBEIMYaBaHE Ha €(PEKTUBHOCTTAa Ha MaTepuaia.
[IpoBeneHo e cpaBHeHue Ha edekTa OT MEeT pa3nudyHu komOunanmu Ha MABIiBr; ¢ paznuunmn
pastBoputenu: camo MABiBr3, MABiBrs/DMSO, MABiBr;/DMF, MABiBr:/GBL u MABiBr3 ¢
Benuku Tpu pastBoputens (DMSO, DMF u GBL). CunTe3upanoTo ThbHKOCIOMHO MEPOBCKUTHO
nokputue MABiBr; e xapakrtepusupaHo ¢ momorira Ha peHtreHoBa audpaxnus (XRD) karto
nepopmanusaTa Ha peuierkata € oueHeHa upe3 meroa Williamson-Hall. Pesynrature mokassat
oOnyaifHM pa3Mepu Ha 3bpHATA, CPETHO MEXK]TYCIONHO pa3CTOSHUE, TUTBTHOCT HA AUCIOKAIIMHUTE
U MUKpOHampeXeHue Ha  mnepoBckuTHMs  cioili ot  MABiBr;.  KomOunanusra
MABIiBr;/DMF/DMSO/GBL noka3Ba Hail-moaxoAs1I0 MoBeaeHNe 3a (oTonmpeodpa3yBaTean Thil
KaTo MMa Hail-moObp e(eKT 3a yBelnyaBaHe Ha KPUCTAIHOCTTA HAa ThHKOCIOWHOTO MEPOBCKUTHO
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IIOKPUTHC. HaHpe}KGHI/IeTO B CJIOCBETEC, IIOJIYYCHH C PpPa3IM4YHU pa3TBOPUTCIUM Bapupa OT
HAIIpCKCHNUEC HAa CBUBAHC /10 TAKOBA HA OII'bH, B 3aBUCUMOCT OT U3IOJI3BAHHUA PA3TBOPHUTCIIL.

B.13. M. Aleksandrova, T. Ivanova, V. Strijkova, T. Tsanev, A. K.Singh, J. Singh, K. Gesheva,
Ga-doped ZnO coating—a suitable tool for tuning the electrode properties in the solar cells with
CdS/ZnS core-shell quantum dots, Crystals, 2021, 11(2), pp. 1-11, 137, ISSN: 2073-4352 (IF 2.67,

Q2)

Two layer system from sputtered indium tin oxide (ITO) and gallium doped zinc oxide (Ga:ZnO,
GZO) were studied for transparency in the visible electromagnetic range, reflectivity in the near
infrared range, conductivity and valent band for a solar cells with quantum dots. The bi-layer
coatings produced at optimized oxygen partial pressure, films thickness and surface roughness
exhibit improved optical properties without worsening the electrical parameters, even if additional
oxygen introduction during the reactive sputtering of the GZO. With an average optical
transmittance of 91.3% in the visible range, average reflection and resistivity lower than 0.4 x 1072
Q.cm, these coatings are suitable for top electrode in the solar cells. The obtained results reveal
that multilayered stacks of transparent ITO/Ga-doped ZnO coatings possess relatively low surface
roughness (7-9 nm) and appropriate refractive index. The additional oxidation of GZO films
induces modification of the film thickness and respectively of their optical performances.

W3cnenBana e nBycioiiHa cuctema oT HaHeceH uHaueBokanaeH okcua (ITO) u nerupan ¢ ranuii
uuHkoB okcua (Ga:ZnO, GZO) 3a nocTurasHe Ha MPO3PayHOCT BBB BHUJMMAaTa YacT Ha
CJIEKTPOMArHUTHHUS CHEKTHP, OTPAKEHHE B ONM3KUSA WH(padepBEH CIEKTHP, MPOBOAUMOCT H
BaJICHTHA 30Ha, MOJXOI11a 3@ U3I10JI3BaHE B CIIbHUEBH KJIETKU C KOMOMHAIUS OT KBAHTOBU TOUKH.
JIBycnoiHUTE OKPUTHS, IPOU3BEIEHHU IPU ONTUMHU3HPAHO KUCIOPOJAHO NaplUaIHO HalsraHe Ha
BaKyyMHO pa3lpaliBaHe, JeOeluHa Ha CJI0eBeTe M MOBBPXHOCTHA TIpamaBoOCT, IOKa3BaT
oI00peHN ONTHUYHHU CBOMCTBA, 0€3 Ja BJOLIABAT EJIEKTPUYECKUTE MapaMeTpu, JOpU IpU
JOMBJIHUTEITHO BBBEXK/IaHEe Ha KUCJIOPOJ MO0 BpeMe Ha peakTUBHOTO pasmpamiBane Ha GZO. Cne
CpeAHa ONTHYHA MpomyckiauBocT oT 91.3% BBB BHAMMara 0O0JNACT, CPEIHO OTPAKEHUE U
cbrnpoTusienne ot 0,4x102 Q-cm, Te3u NOKPHTHUS ca MOAXO/IAIIM 3a TOpeH (I'bPBU UM BXOJIEH)
€JIEKTPOJI B CTbHUEBUTE KIIETKHU. [lomydeHnTe pe3ynraTu nokas3Bar, 4€ MHOIOCIIOMHUTE CTPYKTYpPH
ot npo3paynu ITO/Ga-nerupanu ZnO NOKPUTHS IPUTEKABAT CPABHUTEITHO HUCKA IOBBPXHOCTHA
rpanasocT (7-9 nm) u noaxoadu] KoeQUIUEHT Ha npeyynBaHe. JJonbIHUTETHOTO OKUCIEHUE Ha
GZO cnoeBere npenn3BUKBa MOAU(pUKAIUSA Ha JeOeIMHATa U ChOTBETHO HAa ONTHUYHHUTE UM
XapaKTePUCTUKH.

B.14. Aleksandrova, M. Study of lead-free perovskite and quantum dots core-shell infrared
photodetector integrated with the silicon technology, Proceedings of 4th International Conference
on 2021 Devices for Integrated Circuit Devic 2021 (online), 2021, pp. 494-497, 9455855, ISBN:
978-1-7281-9955-9
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An approach for optoelectronic infrared detection is demonstrated by combining conventional
silicon technology, lead-free perovskite-type material, and quantum dots core-shell. It is shown
that the device is sensitive to wavelengths in the infrared range of the electromagnetic spectrum up
to 1055 nm. The detector is characterized by a high responsivity of 947 mA/W at 1055 nm. The
detectivity and the external quantum efficiency at the same wavelength are found to be 5x107 Jones
and 114 % respectively. This is considered as very good performance and can be ascribed to the
presence of a photoelectric effect, producing a voltage that affects the silicon/IR material interface,
controlling the depletion layer. These results are a good initial step to further optimization of the
lead-free perovskite-based optoelectronics realized with compatible silicon technology.

[IpencraBeH e MoaAX0/ 3a pErUCTpUpPAHE HA EIEKTPOMArHUTHU BBJIHU OT UHGpauepBEHHS CIIEKThP
ype3 KOMOMHHMpaHE Ha KOHBEHIMOHAJIHA CHJIMIIMEBA TEXHOJIOTHSA, OE30JI0BEH IEPOBCKUTEH
MaTepual M KBAaHTOBM TOYKH OT THUIa sapo-oO0BuBKa. [lokazaHo e, 4e yCTpOMCTBOTO €
YYBCTBUTEIHO KbM €JIEKTPOMArHUTHOTO JIbYCHHE C IBKUHA Ha BbaHaTa 10 1055 nm. [leTexkTopbT
MIPUTEKaBa BUCOKA UyBCTBUTETHOCT 0T 947 mA/W npu 1055 nm. OTkpuBaeMocTTa Ha CUTHAJA U
BBHIIIHATA KBAaHTOBA €()EKTUBHOCT IIPH ChIllaTa JbJDKWHA HA BBJIHATA Ca 5x107 Jones u 114 %,
CHOTBETHO. TOBa ce cyMTa 3a MHOTO JOOPO MOBEACHUE U MOXKE J1a C€ IBJDKA Ha HAMYMETO HA
doToenekTpuueH ePeKT, KOMNTO MPOW3BEXKIAa HAIpPEKEHHE, BIUICIIO HA HHTEepdeiica MEeKIy
cwmnug U MY nonynpoBOJHUK, KOHTpOJMpallku oOenHeHaTa 30Ha. Te3u pesyiraru
MpEeACTABISIBAT JOOBP HAYaJICH €Tam 3a JOMBIHUTEIHA ONTUMH3AIMA B ONTOCJIIEKTPOHUKATA Ha
0a3aTa Ha OC30JI0BEH MEPOBCKUT, pEATH3UPAHA ChC ChBMECTUMA CHIIUIINEBAA TCXHOJIOTHSL.

B.15. T Tsanev, M Aleksandrova, Investigation of Blade Printing Technique for Nano-Structuring
Piezoelectric Polymer Ink in a Porous Anodic Aluminum Oxide, Polymers 17 (21), 2839, 2025,
ISSN: 2073-4360 (IF 4.9, Q1)

In this work, we investigated the use of a piezoelectric flexible device for energy harvesting. The
main goal of the study was to fill the nanostructured pores of anodic aluminum oxide (AAO) films
with piezoelectric polymer (PVDF-TrFE) via a modified conventional screen printing technique
using blade printing. In this way, it is possible to obtain a composite from nanostructured thin films
of polymer nanorods that shows improved charge generation ability compared to other non-
nanostructured composites or pure (non-composite) aluminum with similar dimensions. This
behavior is due to the effect of the highly developed surface of the material used to fill in the AAO
nanopore template and its ability to withstand the application of higher mechanical loads to the
structured piezoelectric material during deformation. The contact blade print filling technique can
produce nanostructured piezoelectric polymer films with precise geometric parameters in terms of
thickness and nanorod diameters, at around 200 nm, and a length of 12 um. At a low frequency of
17 Hz, the highest root-mean-square (RMS) voltage generated using the nanostructured
AAO/PVDF-TrFE sample with aluminum electrodes was around 395 mV. At high frequencies
above 1700 Hz, the highest RMS voltage generated using the nanostructured AAO/PVDF-TrFE
sample with gold electrodes was around 680 mV. The RMS voltage generated using a uniform
(non-nanostructured) layer of PVDF-TrFE was 15% lower across the whole frequency range.
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B nacrosimara pa®oTa e u3cieqBaHo H3MOJI3BAHETO Ha MHE30€JIEKTPUYHO I'bBKABO YCTPOMCTBO 3a
no0uB Ha eHeprus. OcHOBHaTA 111 Ha paboTarta Oellle /1a ce 3aIbIHAT HAaHOCTPYKTYPUPAHUTE IOPU
Ha aHoaupaHu anryMuHueBookcuaHu (AAQO) cioese ¢ nuesoenekrpudeH noiaumep (PVDF-TrFE)
ype3 MoIuUIpaHe HA TEXHOJIOTUATA Ha cuTonedaT. [1o To31 HauKH € BH3MOXKHO Ja ¢e MOTY4H
KOMIIO3UT OT HaHOCTPYKTYPHUpPAaHU THHKU CJIOEBE C HAHOCTBJIOYETa, KOMTO MOKa3Ba MofoOpeHa
CIOCOOHOCT 3a TeHEpUpaHe Ha 3apsa B CPAaBHEHUE C IPYT'M HEHAHOCTPYKTYPUPAHU KOMITO3UTH.
Tasu ocobeHoct ce 1bpJkH Ha eekTa oT JoOpe pa3BUTaTa MOBBPXHOCT HA MaTepUalia, U3MOJI3BaH
3a 3ambpiBaHe Ha MaTtpunara or AAQO HaHOmOpW, W Ha CIOCOOHOCTTa My Ja YCTOM Ha
IIPUJIOKEHUETO Ha MTO-BUCOKM MEXaHUYHU HATOBApBaHUS 110 OTHOILIEHUE Ha CTPYKTYPHUPAHETO HA
MUE30€TICKTPUYHUS MaTepHall o BpemMe Ha Jedopmanus. MeToasT Ha 3ambiBaHe ¢ KOHTAKTHO
pakeIHO IMeyaTaHe MOXKE Jla NPOMU3BEIE HAHOCTPYKTYPUPAHU IHME30€TIEKTPUUHU IOJIUMEPHU
MOKPUTHS C TOYHH TEOMETPUYHH TapaMeTpH - JAUaMeThp Ha HaHocThiaO4eraTa okoino 200 nm,
nbikuHa oT 12 pm. [Ipu Hucka yectora ot 17 Hz, Haii-Bucokoto edextuBHo (RMS) Hanpexxenue,
reHepupano ¢ momoinra Ha HaHocTpykrypupanuss AAO/PVDF-TrFE o6pazen ¢ amymuHueBu
enexkrpoau, € okoio 395 mV. Ilpu Bucoku yecrotu Han 1700 Hz, nait-Bucokoto RMS
HampexeHue, reHepupaHo ¢ nomoinra Ha HanocTpykrypupanus AAO/PVDF-TrFE obpazen cbe
3JIaTHU €NEeKTpoau, € okoio 680 mV. RMS HampexeHuero, reHepupaHo C IOMOIITa Ha
HenpekbcHaT (HeHaHocTpykTypupan) cioid PVDF-TrFE, e ¢ 15% mno-Hucko B Lenus 4ecToTeH
JTMATa30H.

B.16. Aleksandrova, M.P., Tsanev, T.D., Pandiev, .M., Dobrikov, G.H., Study of piezoelectric
behaviour of sputtered KNbO3 nanocoatings for flexible energy harvesting, Energy, 2020, 205,
118068, ISSN: 0360-5442 (IF 8.9, Q1)

Novel potassium niobate (KNbOs3) nanocoatings were sputtered on polyethylene naphthalate
(PEN) substrates at different sputtering voltages and concentrations of sputtering gas. The relations
growth time - thickness and sputtering voltage-deposition speed were established and the vacuum
deposition modes were optimized. This was realized, in order to correlate the microstructure,
surface morphology and the growing conditions for the nanosized KNbOs films. Uniform coatings
with variety of thicknesses were obtained without overheating degradation of the substrates at
process parameters Us and Par varying from 0.6 kV to 0.9 kV and from 1 x 1072 Torr to 9 x 1073
Torr, respectively. New AI/KNbO3/Al energy harvesting element was fabricated and tested on
tension-compression cycles. For the samples, showing the lowest surface roughness of the KNbO;
film (3.6%), maximum piezoelectric voltage of 431 mV was measured at loading up to 3 kg. Basic
electric parameters, such as capacitance, contact and bulk resistance of the piezoelectric element,
involving KNbOs film, produced at the optimum sputtering conditions, were measured as a
function of the applied mass load. Output electrical power of 2.324 uW was obtained at maximum
mechanical loading, which is comparable with the results for lead-containing thin film harvesters.
Theoretical analysis of the novel elements was made based on their dielectric behaviour in terms
of polarization type. They were connected to passive power management system for operation as
an independent power supply for low-power electronics.
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Hosu Hanonokputus ot kanueB HHoOat (KNbO3) 6s1xa HaHECeHH Ype3 BAKyyMHO BUCOKOYECTOTHO
pasmnpaliBaHe BbpXY MOMJIOKKH OT noiuerwieH Hadranar (PEN) npu paznuyHu HanpexeHus
HaJIATaHe HA PEaKTUBHUS ra3 10 BpeMe Ha pas3lpaliBaHe. Y CTAaHOBEHHU 0sxa 3aBUCHMOCTU MEXTY
BpeMeTo 3a (opMuUpaHe Ha HAyaleH CJIOM M IocjenBamiara My AeOelnHa, KaKTO M MEeXIy
HaNpe)KCHUETO Ha pas3MpaliBaHe M CKOPOCTTa Ha pacTeX, a BAKyyMHHTE pEXHMHU Osxa
ontumusupanu. ToBa Oemie peanu3upaHo, 3a Ja ce HaMepu Bpb3KaTa MEXIy MHKPOCTPYKTYpa,
MOBBPXHOCTHATAa MOP(OJIOTHA U yCIOBHUsATA 3a GopMHpaHe U pacTex Ha HaHocioeBeTe 0T KNbOs.
bsaxa momyueHH paBHOMEpPHH MOKPUTHUS C PA3IWYHU AeOCIMHU, Oe3 TOIIMHHA Aerpafanvs Ha
TIOJIIOKKMTE TPU mapameTpu Ha rponeca Us u Par, Bapupamu ot 0,6 kV 10 0,9 kV u ot 1 x 1072
Torr 10 9 x 103 Torr, chorBeTHO. HOBHAT enemeHT 3a n00uB Ha eHeprus Al/KNbOs/Al Geme
KOHCTPYHpaH M TECTBaH NPHU IMKJIM HA CBUBAHE W OMBbH. 3a MpoOWTE, MOKa3Ballld Hai-HUCKA
noBbpxHocTHAa TpamaBocT Ha KNbO3 cros (3.6%), Oeme M3MEpEHO MAaKCHMAJIHO
MMEe30eNeKTPUYHO HanpexkeHue ot 431 mV npu HatoBapBaHe 10 3 kg. OCHOBHUTE €IEKTPUUYECKU
napaMmeTpH, KaTo KamlaluTeT, KOHTAKTHO M O0EMHa CBHIPOTUBJIICHHE HA MUE30€ICKTPUYHUS
eneMeHT, BkimrouBail KNbO3 ciioil, mpousBeieH Mpy ONTUMATHH yCIIOBUS Ha pa3MpaliBaHee, 0sxa
M3MEpPEHU B 3aBHCHUMOCT OT MPHJIOKEHOTO MacoHaToBapBaHe. bemie moiydyeHa H3X0qHA
elnekTpudyecka MomHocT oT 2.324 pW npu MexaHMYyHO HAaTOBapBaHe, KOETO € CPaBHUMO C
pe3yNTaTUTe 32 THhHKOCIOMHM YCTPOICTBA C MaTepUalu, ChAbPIKAIIU OJIOBO. TE€OpeTHYEH aHaIHU3
Ha HOBHUTE €JIEMEHTH Oe HalpaBeH Ha 0a3aTa Ha TEXHUTE MOJIIPU3ALMOHHH CBOMCTBa. EneMenTuTe
0s1xa CBbp3aHU C MacHBHAa CHUCTEMa 3a yIpaBlIEHHWE Ha MOIIHOCTTA, 3a Ja (pyHKIHOHUpAT KaTo
HE3aBHCHUM M3TOYHHK HA EHEPTUsl 32 MAJIOMOIIIHA EICKTPOHHKA.

B.17. Aleksandrova, M., Ivanova, T., Hamelmann, F., Strijkova, V., Gesheva, K., Study of
sputtered ZnO:GaxOs3 films for energy harvesting applications, Coatings, 2020, 10(7), 650, ISSN:
2079-6412 (IF 2.88, Q2)

Thin films of ZnO:Ga,03 (ZGO) were deposited by radio frequency (RF) sputtering at voltages of
0.5,0.9 and 1.1 kV. The films were studied with respect to their suitability in flexible piezoelectric
nanogenerators. The analysis of the spectroscopic and microscopic results showed that
piezoelectric features were revealed for the films grown at all sputtering voltages, but the most
favorable morphology in terms of low roughness was achieved at 1.1 kV. The effect of the
sputtering voltage on the films crystallinity and lattice strain was studied. It was found that the
increasing sputtering voltage promoted the films crystallization. Additionally, the presence of
oxygen vacancies in the piezoelectric films was negligible as it is not a major factor affecting their
performance. The electrical measurements of the Ag/ZnO:Ga;0s/Ag harvester on a flexible
substrate in the low-frequency range showed a piezoelectric voltage of 414 mV, and an electric
power output of 1.4 W at a mass load of 100 g. These results were achieved by a simple architecture
of a single piezoelectric layer with a relatively small size of 3 cm2 and small piezoelectric film
thickness (600 nm) containing lead-free material. It was proven that the sputtered ZGO films are
suitable for energy harvesting elements and their performance could be tuned by the sputtering
voltage. Another possible application of the proposed device, excluding low-frequency vibrational
harvesting, could be a pressure sensor or strain gauge, due to the good linearity of the electrical
parameter dependences on the strain.
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TeaKH croeBe oT Zn0O:Ga03 (ZGO) 6s1xa HaHneceHu 4pe3 BucokodecToTHO (RF) pasmpamBane
npu Hanpexxenus ot 0,5, 0,9 u 1,1 kV. CrnoeBere 0sixa u3cieBaHN MO OTHOIIIEHUE HA TAXHATA
IIPUTOHOCT 3a I'bBKABU MHME30€JIEKTPUUYHU HAHOEJIEMEHTH. AHAJIU3BT HA CIIEKTPOCKOICKUTE U
MUKPOCKOIICKUTE PE3YyJITaTH I10Ka3a, Ye MUE30€JIEKTPUYHUTE XapaKTEPUCTUKU Ca U3MEPUMU 3a
cioeBe, (hOpMUPAHU TPU BCAKO OT HANPEKEHHUATAa Ha paslpaliBaHe, HO Hail-OmarompusTHa
MopGoJIOoTHsl C HHCKAa MOBBPXHOCTHA rpamaBocT € mocturHata mpu 1.1 kV. Mscrneasano e
BIUSHUETO Ha HANpPEKEHWETO Ha pAa3[pallBaHE BBPXY KPUCTAIHOCTTa HA CIIOEBETE U
negopManuuTe B pelIeTKaTa. YCTAaHOBEHO Oelle, 4Ye yBETMYAaBAHETO HA HAMPEKEHHETO Ha
pasmpalllBaHe CTUMYJUpa KpucTanuzauusta Ha cinoeBere. OCBEH TOBa, NPUCBCTBUETO Ha
KHMCJIOPOJIHM BaKaHTHU MECTa B IHME30€JIEKTPUYHUTE CJIOEBE € HE3HAYUTEIIHO U HE OKa3Ba
CBIIIECTBEHO BIIUSHUE BBPXY TIXHATA MPOU3BOAUTEIHOCT. EjekTpuueckuTe H3MEpBaHUsS HaA
ycrpoiictBara Ag/Zn0:Ga>03/Ag Ha rbBKaBa MOJUIOKKA B HUICKOYECTOTHHUS TMAMa30H IMOKa3axa
MUE30€JIEKTPUYHO Hamnpexenue oT 414 mV u enekrpudecka mMouiHocT ot 1.4 W mpu maco-
HatoBapBane oT 100 g. Te3u pe3ynTatu 0sixa MOCTUTHATH C MPOCTA €THOCIOWHA apXUTEKTypa C
OTHOCHUTEITHO MaJIbK pa3Mep OT 3 cm? U MaJyika JeOenrHa Ha ue30eneKTpuaHus ciioi (600 nm),
chIbpika] 6e3om0BeH MaTepuai. JlokasaHo e, ue pasmnpamenure ZGO crnoeBe ca MOAXOIAIIH 3a
€JIEMEHTH 3a 0OMB Ha €Heprusi M TIXHATa MPOU3BOJUTEIHOCT MOXKE Ja ObJe peryiupaHa B
IIMPOKK TPAHUIM 4Ype3 HANpPEKEHUETO Ha pasmpamiBaHe. Ipyro BB3MOXXHO MPUIIOKEHUE Ha
MPEIJI0KEHOTO YCTPOMCTBO, OCBEH 3a JOOMB HA HUCKOUECTOTHA BUOpAIIMOHHA €HEPTHUsl, MOXKeE Ja
ObJle CeH30p 3a HalsiraHe WM cTaTuyHa JAedopmanus, mnopaad ao0Opara JIUHEHHOCT Ha
3aBUCHUMOCTHUTE Ha EIEKTPUUYECKUTE IMapaMeTpu OT Hesl.

B.18. Pandiev, 1., Aleksandrova, M., Kolev, G., Design and Implementation of Interface Circuits
Intended for Printed Piezoelectric Micropower Harvesters on Flexible Substrates, /OP Conference
Series: Materials Science and Engineering, 2020, 876(1), 012007, ISSN: 1757-8981 (SJR 0.249)

Interface circuits with low power dissipation is proposed and implemented, which is useful for
efficient AC/DC voltage conversion of thin-film piezoelectric micro-power stack mounted
harvesters. The focus is on low-power (< 1 pW) elements consisting of printed PVDF-TrFE
piezoelectric polymer on BaSrTiOs coated flexible substrate with total thickness of the stack 3.1
um. Using silver thin films as bottom and top electrodes, the samples exhibited stable piezoelectric
rms voltage between 200 mV and 400 mV produced from functional area of ~1.5 cm2 when
stimulates it with sine-wave vibration with frequency of 50 Hz and intensity equivalent to mass
loading between 1-80 g. The current registered from a single harvesting element is not greater than
1 pA. For this type of harvesters two power processing circuits intended are designed and built.
The first circuit is a voltage doubler, for which the rectified output voltage is approximately equal
to twice of the amplitude of the input voltage. The second circuit is a voltage quadrupler; as
compared to the first one it provides higher voltage for charging a small and thin-size chip
supercapacitor connected to the output port, but due to diodes voltage drops a smaller value of the
energy efficiency can be obtained. For the implementation of the electronic circuits, low-power
Schottky diodes with a forward voltage below 100 mV at current up to 0.1 mA are chosen. An
experimental study to verify the efficiency of the proposed circuits is performed with laboratory
made thin-film piezoelectric harvesters.
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[IpennoxxeHu u peaM3upaHu ca UHTEPPEHCHU CXEMHU ¢ HUCKO €HEePTUifHO pa3ceiiBaHe, KOMTO ca
MOJIE3HH 32 €EKTUBHO MpeobpaszyBaHe Ha mpomMeHnBO B noctossHHO (AC/DC) HampexeHnwue,
FEHEPUPAHO OT THHKOCIOWHU MHE30CJCKTPUUHU MUKpoerieMeHTH. {DOKyChbT € BbpPXY
HuckoeHepruiinute (< 1 uW) enemMeHTH, ChCTOSIIM CE OT OTIIEYaTaH MUE30€JIEKTPUUECH MOTUMED
PVDF-TrFE Hna reBkaBa momnoxkka, mokpura ¢ BaSrTiOsz, ¢ obma nebenmna Ha 3,1 pm.
N3non3Baiiku cpeOBPHH THHKH CIIOEBE KATO JOJHU W TOPHU EIEKTPOJH, MPOOUTE IMOKa3BaT
cTabMIHO e(PEeKTUBHO MHe30eNeKTpHyHO Hanpexenue Mexay 200 mV u 400 mV, renepupaHo ot
(GyHKIIMOHATHA IUIoN OKOJo 1,5 cm? KOraro ce CTHMYJIHMpAT ChbC CHHYCOWIAITHU BUOpAIUH C
yectora 50 Hz u uWHTEH3UTET, EKBUBAJIGHTEH HA Maco-HaToBapBaHe Mexay 1-80 g.
Peructpupanust TOK OT €IMH JOOWBEH €lIeMEHT He HajBuimaBa 1 PA. 3a To3u TUI JOOWBHHU
yCTPOMCTBA ca MPOSKTUPAHU W M3rPAJCHHU JBE CXeMHU 3a 00paboTka Ha MomHOCTTa. [IbpBaTa
cXxeMa € YJBOWUTEN Ha HaNpeKEeHHE, IPHU KOSITO IMOCTOSIHHOTO H3XOJHOTO HAINpEXEHUE €
NpUOTU3UTENHO PaBHO Ha JIBa MIBTH aMILTUTYJaTa Ha BXOJHOTO HampexeHue. Bropara cxema e
y4eTBOpUTEJ HA HaIlPeKEHUE; B CPaBHEHHE C IbpPBATa OCUTYpsBa MO-BUCOKO HAMPEKEHHE 3a
3apek/laHe Ha MalbK U ThHBK CYNEPKOHJIEH3aTOp, CBHP3aH KbM HM3XOJHHS MOPT, HO 3apalu
MaJoBeTe Ha HANPEKEHHETO B JIMOJAUTE € BH3MOXKHO Ja C€ MOJIy4d MO-HHCKa CTOMHOCT Ha
eHepruiiHata e()eKTUBHOCT. 3a pean3alusTa Ha eJIeKTPOHHUTE CXEMH ca U30paHu MaJOMOIIHH
[Hotku auonu ¢ HampexeHue Ha ormymBaHe noja 100 mV npu tok no 0.1 mA. IlpoBeneno e
EKCIIePUMEHTATHO H3CJIeIBaHe 3a MpOBepKa Ha e(EeKTHMBHOCTTA Ha MPENJIOKEHUTE CXEMHU C
nabopaTtopHo U3paboTeHH THHKOCIONHH MUE30eJIeKTPUYHU TeHEPATOPH.

B.19. Aleksandrova, M., Aepuru, R., Dobrikov, G., Study of printed polymeric flexible energy
harvesting elements - Impact of the electrode materials and patterns, /OP Conference Series:
Materials Science and Engineering, 2020, 876(1), 012006, ISSN: 1757-8981 (SJR 0.249)

In this paper is presented study of flexible pressure piezoelectric energy harvesting developed with
an screen-printing of polyvinylidene fluoride-trifluoroethylene (P(VDF-TrFE)) ink on three
different metal electrodes (silver, gold and aluminium) with three different topologies - rectangular,
meander and side comb. The influence of the electrode type and pattern is studied in terms of
polymer coating distribution and morphology, piezoelectric voltage generation and stability at
multiple bending, as well as piezoelectric coefficient. The elements are studied at low mass loading
of up to 100 g and frequency up to 50 Hz. They produce voltage between 916 and 362 mV from
active area of 1 cm2 and piezoelectric polymer film of 3 pm, according to the electrode metal nature
and shape. It was found that the silver electrode with meander shape is the optimal for electrical
performance and mechanical stability giving superior piezoelectric coefficient of 0.332 V.m/N to
the reported values and only 8.6 % decrease of the piezoelectric voltage at 1500 repeating bending
cycles.

B Ta3u cratus e mpeacTaBeHO M3CIIEBAHE HA I'bBKAB MUE30CIICKTPUYCH €IIEMEHT 3a JOOMB Ha
€Heprusi OT HATHUCK, pa3pabOTEeH Ype3 CUTOMeYaT Ha MACTHJIO OT TOJWBHHIINIEHA (iryopu-
tpudayoperuiner (P(VDF-TrFE)) Bbpxy Tpu pas3iaudau MeTana - cpedpo, 37aTo U allyMUHUH, C
TPHU Pa3aTUYHM TOIOJIOTHH: NTPABOBI'bIIHA, MEAHIbPHA U rpebeHuara. M3cienBano € BIMSHUETO Ha
Tuma U ¢opMara Ha EIEKTPOIUTE BBPXY pasMpeaeiCHHeTO U MOP(OJIOTHATA HAa TTOJTUMEPHOTO
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MIOKPUTHE, TE€HEPUPAHETO Ha MUE30€JIeKTPUYHO HAIPEKEHHE U CTAOMIIHOCTTAa IPU MHOXECTBO
OT'bBaHUs, KAKTO M MHE30eNIeKTpUYHIs Koeuuent. EnemenTute ca u3cieaBanu npu HUICKO Maco-
HaroBapBane 710 100 g u yectota 10 50 Hz. Te renepupar Hanpexenue Mexay 916 u 362 mV or
aKTUBHA TUIONI OT | ¢cm? ¥ MUEe30eeKTPUUCH MOJIMMEPEH CIIoM ¢ nebennHa 3 um, B 3aBUCUMOCT OT
€CTEeCTBOTO M (popMaTa Ha METajia Ha eNIEKTPO1a. Y CTAHOBEHO €, Y€ CPEOBPHUST eNEKTPO ¢ popma
HAa MEaHIbp € ONTHMAJCH 3a EJEKTPHUYECKa MPOU3BOAUTEIHOCT W MEXaHWYHAa CTAOMIIHOCT,
MPEJOCTaBINKN U3KIIOUHUTENIECH Mue3oenekTpuueH koedpumment ot 0.332 V-m/N, xoero
HaJBUIIaBa W3BECTHUTE B JMUTepaTypaTa CTOMHOCTH, M MposiBiBa camo 8,6 % cmag Ha
[IME30€JIEKTPUYHOTO HarpekeHue ciel 1500 moBTopHM LMKbiIa Ha Or'bBaHE.

B.20. Aleksandrova, M. Integrating Microelectronic Solutions in Renewable Energy Education:
A Course Development Initiative, Proceedings of 19th International Conference on Electrical
Machines Drives and Power Systems ELMA 19-21 June 2025, Sofia, Bulgaria, ISBN 979-8-3315-
2635-1

This paper discusses the development of a curriculum designed to address the growing need for
education in energy harvesting and renewable energy technologies. The course offered by the
Laboratory of 'Thin-film electronics' (Dept. of Microelectronics, Faculty of Electronic Engineering
and Technology at TU-Sofia) enables students to leverage their existing knowledge in power
electronics, control systems, and materials science within this emerging domain. Additionally, it
introduces them to cutting-edge methods and trends across various scales of energy harvesting
applications with a focus on the small scale. The curriculum covers diverse techniques such as
solar, thermal, vibration, electrostatic, radiofrequency, and both passive and active human power
generation methods, along with their underlying operational principles. Students participate in
research, simulation, and experimental projects focusing on microelectronics for energy harvesting
systems. Detailed descriptions of the course content and key concepts, supported by project results,
highlight the educational approach and practical insights gained.

Ta3u cratus pasriexnaa pa3paboTBaHeTO Ha yueOHa Mmporpama, mpejHa3HavyeHa Jla OTTOBOPH Ha
HapacTBallaTa HyXAa oT oOyueHHe B o0yiacTTa Ha J00MBa Ha €HEprust U TEXHOJOTMUTE 3a
BBb300HOBsieMa eHeprus. Kypcwt, npemnaran ot Jlabopatopusara "TBHKOCIONHA eleKTpOHUKA"
(xarenpa ,,MukpoenekTpoHuka™“ kbM PakynTeT Mo eIeKTPOHHO MHKEHEPCTBO U TEXHOJOIMU Ha
TY-Codust), mo3BossiBa Ha CTyI€HTUTE J1a U3I0J3BaT Bedue NPUI0OUTUTE CH 3HaHUS B 00JIaCTTa HA
CWJIOBaTa €JIEKTPOHUKA, CUCTEMM 3a YIPABIECHUE M MaTEpPUAJO3HAHUE B TO3M HOBOBB3HHKBAILL
cexkTop. OCBEH TOBa, KypChT I'M 3all03HAaBA C HAW-HOBUTE METOIM WU TEHIAEHIMH B Pa3IU4HU
Mamaby Ha MPUIOKEHUs 3a TOOMB HA €HEeprus, C aKIEHT BbPXY MAJKUTE CUCTEMH. YueOHaTa
nporpama o6xBaiia pasHooOpas3ue OT CUCTEMH 3a Mpeodpa3yBaHe Ha HeeNeKTpUYecKaTa eHeprus
B  CJIEKTPUYECKA, BKIIOYUTETHO  (OTOCNEKTPUYHHM, TEPMOEIEKTPUYHHU, BHOPALMOHHH,
€JIEKTPOCTAaTUYHH, PAJUOYECTOTHHU, KAaKTO M IMACUBHU U AKTUBHU METOAM 3a I'E€HEpUpAaHE Ha
YOBEIIIKAa €HEPrus, 3aeIHO C OCHOBHUTE NMPUHIUIHN HA TAXHaTa padota. CTy/IeHTUTE y4yacTBaTr B
U3CNE0BATEICKU TMPOEKTH, W3MBIHSABAT CHUMYJIAlMOHHH M EKCIIEpUMEHTaJHH 3ajauH,
(doKycHpaHu BbPXY MUKPOEIEKTPOHUKATA 3a CUCTEMH 3a I00MB HA EHEPTrusl.
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B.21. Aleksandrova, M.P., Kolev, G.D., Tomov, R., A Singh, Mohite, K.C., Dobrikov, G.H., Role
of the CdS/ZnS core/shell quantum dots in the thin film lead-free perovskite solar cells, Bulgarian
Chemical Communications, 2020, 52, pp. 65—71, ISSN: 0324-1130 (SJR 0.179, Q4)

The performance of the thin film solar cells has been enhanced in recent years by development of
new materials broadening the spectral response of the cell and supressing the long wavelength
absorption close to the near infrared range. Absorber layers are developed to improve the collection
of photo-carriers when perovskites are used as photoelectric converting films. This is due to the
easy tuning of the energy levels alignment at the films interface. For the new types of lead-free
perovskites, the interaction between sulphide based absorber and the perovskite is not yet
investigated. First, the deposition and processing conditions for the perovskite coatings were
optimized in terms of crystallization degree and uniform surface. The perovskite films crystal
morphology and the crystal growth kinetics were found to be similar like the films’ morphology
consisting of organic molecules having non-perovskite structure. Optimized perovskite films,
containing this absorber with different thickness were applied in combination with lead-free
perovskite films. Homogeneous core/shell type CdS/ZnS films with high density were produced.
Simple cell construction is proposed, containing ITO/Zn0:Ga203 front panel electrode, lead-free
CH3NH313-xClIx based perovskite and gold back contact. The cells were tested at open circuit
conditions at different illumination intensity and different wavelength of the illuminating source.
At optimal conditions the fabricated solar cells showed which 1.9% higher conversion efficiency,
to the reference cell without absorber. The results demonstrated the applicability of the lead-free
perovskite material and the effect of sulphide layers on the solar cell electrical parameters
improvement. This is a basic step to further optimization of this technology.

[Tpon3BOIUTENHOCTTa HA THHKOCIONHHUTE CIIbHYEBH KIJIETKU € M0100peHa B MOCIEAHUTE TOJAUHU
OnarosapeHue Ha pa3pabOTBaHETO HAa HOBU MaTepHalii, KOUTO pa3IInpsIBaT CHEKTPATHUS OTKIMK
Ha KJIETKUTE M MOTUCKAT abcopOuMaTa Ha IBJITM BBJIHU B OiM3KaTa MH(pavyepBeHa 00JACT.
Pazpabotenu ca abcopOupariu cioese, 3a J1a ce HoJo0pu cbOUpaHeTo Ha (POTOHHO TeHEPUPAHUTE
€JIEKTPOHH, CbBMECTHMHU C MIEPOBCKUTHU, U3MOI3BAHU KaTO (POTOENEKTPUUECKH NPeoOpazyBaTey.
ToBa ce 1bKM Ha JIECHOTO HACTPOWBAHE HA M3PaBHABAHETO HA CHEPIMIHMTE HMBA Ha Mpexoia
MEXIy cjoeBeTe. 3a HOBUTE THUIIOBE OE€30JIOBHM IEPOBCKUTH B3aUMOJIEHCTBUETO MEXITY
abcopbepa Ha 0azaTta Ha cya(uI U NEPOBCKUT BCe Ollle He € u3ciensaHo. [IbpBo, ycinoBusTa 3a
HaHacsgHe M 00pabOTKa HA TEPOBCKUTHUTE MOKPUTUS OsiXa ONTUMHU3UPAHM MO OTHOIICHHE Ha
CTENEeHTa Ha KpUCTaJIU3alisl U paBHOMEPHOCTTA Ha MOBBbpXHOCTTA. OTKPUTO €, Y€ KpUCTaIHaTa
Mop(}oorus Ha NEPOBCKUTHUTE MOKPUTHS M KHHETHKATa Ha KPUCTAJIHO HapacTBaHE ca M0JI00HU
Ha MOP(QOJIOTUATA HA CIIOEBE, ChCTOSIIU CE OT OPraHUYHU MOJIEKYJIM C HEHACTPOEHA EPOBCKUTHA
CTpyKTypa. ONTUMU3HpPAHUTE TEPOBCKUTHHU CJIOEBE, ChIbpPKAIIM TO3U abcopOep ¢ paziuyHa
nebenuHa, 0sxa MPUIOKEHN B KOMOMHAIINS ¢ O€30JI0BHH NEPOBCKUTHU MOKpUTHSL. [Ipon3Benenu
0s1Xa XOMOT€HHHU CTPYKTypHU OT Thma s;1po/oosuBka CdS/ZnS c Bucoka mubTHOCT. [Ipemioxkena e
pocTa KOHCTPYKIUSI Ha KIJETKaTa, ChAbpKalla mnpeaHo-naHeneH enektpoa 1TO/Zn0:Gax0s,
6e3ooBeH nepoBckuT Ha 6aza CH3NH313.xClx u 3maten 3amen kontakT. Kinetkure 0sxa TecTBaHH
IIpY OTBOPEHA BEpUra, Pa3IMYHU MHTEH3UTETH HA OCBETSIBAaHE U Pa3jIMYHU IbJKMHU HA BbIHATA
Ha OcBeTsABalIMs M3TOYHMK. [IpyM onTHManHu yClIOBHSA, NPOU3BENCHUTE CIIBHYEBH KIIETKU
nokasaxa ¢ 1,9% no-Bucoka e(eKTUBHOCT Ha IpeoOpa3yBaHe B CpaBHEHHE ¢ pedepeHTHATa KJIeTKa
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6e3 abcopOep. Pesynrarure neMoHCTpUpAaT MPHUIOKUMOCTTA Ha MaTepuana 0€30J10BEH EPOBCKUT
U BIMSHHUETO Ha CyJI(UIHHUTE CIOEBE BBPXY MOJOOPEHUETO HA EJIEKTPUYECKUTE MapamMeTpHu Ha
ClIbHYEBaTa KJETKa. ToBa € OCHOBHA CTBIIKA KbM JOIBJIHUTEIHA ONTHMHU3ALMA Ha Tasu
TEXHOJIOTHSL.

B.22. Aleksandrova, M., Tsanev, T., Dobrikov, G., Kolev, G., Sophocleous, M., Georgiou, J.,
Denishev, K, Sputtering of Ga-doped ZnO nanocoatings on silicon for piezoelectric transducers,
1OP Conference Series: Materials Science and Engineering, 2019, 618(1), 012014, ISSN: 1757-
8981 (SJR 0.198)

In this study, lead-free, piezoelectric devices were fabricated by vacuum radiofrequency (RF)
sputtering of Ga-doped, ZnO (GZO) nanocoatings at different deposition modes on silicon
substrates. Several deposition rates were varied (2 to 16 nm/min) by tuning the sputtering voltage
and pressure, in order to control the microstructure and surface morphology of the films. The
dependences of the piezoelectric properties of GZO thin films on the different deposition
conditions were investigated. Significant dependency of the films' microstructure and surface
roughness was observed to the deposition modes used for fabrication. The results showed that after
optimization, the surface roughness of the films grown using sputtering voltage 1.1 kV and
Ar=2.5.102 Torr, is 6 nm. Films with such microstructures are characterized with crystallites
orientation (002) and exhibit the highest piezoelectric coefficient of 96.3 pC/m, which is superior
compared to other known, lead-free, piezoelectric materials. A simple, membrane-based, vibration
sensor was fabricated at the optimal set of conditions to demonstrate the functionality of the coating
in a real microelectromechanical (MEMS) device. The working range of the device is between 2
and 800 g and the piezoelectric voltage generated after minimum deformation of 5.4 nm (2g), was
9.66 mV.

B ToBa u3cnenBane 6s1xa mpou3BeieHN O€30JI0BHU MUE30€TIEKTPUYHHU YCTPONHCTBA UpE3 BaKyyMHO
BucokouectoTHO (RF) pasmpamBane Ha HaHomokputus ot Jyerupadn ¢ Ga ZnO (GZO) npu
Pa3IMYHM YCIIOBHS Ha HaHACSIHE BPXY CHJIMIIMEBU MOJUIOKKH. Pa3muuHu CKOPOCTH Ha HaHACSHE
(o 2 1o 16 nm/min) Gsixa 3ajaBaHM 4Ype3 HACTpPOHKa Ha HANpPEeKEHHETO Ha paslpalliBaHe U
NapLUUAIHOTO HAJSTaHe B KamepaTa, 3a Jla ce KOHTPOJIUpa MUKPOCTPYKTypaTa 1 MOBbPXHOCTHATA
MopdoJorus Ha cioeBere. M3cnenBanu 0s5xa 3aBUCMOCTUTE Ha NHE30eJIeKTPUYHHUTE CBOICTBA HA
ThHKHUTE cnoeBe GZO B 3aBUCUMOCT OT pa3jIMYHUTE yCJIOBUS Ha HaHacsHe. bsxa HabmonaBaHu
CHJIHHU 3aBUCUMOCTH Ha MUKPOCTPYKTYypaTa ¥ NOBbPXHOCTHATA I'PAraBOCT Ha MOKPUTHUSATA CIPSIMO
PEKUMHUTE Ha HaHACsSHE, U3IOJ3BaHU 3a MPOM3BOJCTBOTO MM. Pe3ynTatuTte mokaszaxa, 4e cliej
ONTUMU3AIMs, MOBBPXHOCTHATA TIpAlaBOCT Ha CioeBeTe, (OpPMHpAHH IPH HAMpPEXKEHHE Ha
pasnpamBane ot 1.1 kV u Hansrane Ha aprona Ar=2.5x107 Torr, e ensa 6 nm. CioeBeTe ¢ Takapa
MHUKPOCTPYKTYpa ca XapakTepu3upaHH Cc opueHTanus Ha kpuctanute (002) u mokasBar Haii-
BUCOKHSI ITHe30eNIeKTprueH KoeduuueHt ot 96.3 pC/m, KoeTo ri npaBu MPEBb3XOJHH B CPABHEHHE
C IpYT'H U3BECTHU OE€30JI0BHU MUE30€IEKTPUYHN MaTepuaiu. [Ipu ycTaHOBEHHTE KaTO ONTUMATHH
ycioBHs, Oere Ch3/1a/IeH MPOCT CeH30p Ha 06a3aTa Ha MeMOpaHa YyBCTBHUTENIHA Ha BHOpanuu, 3a
Ja ce JeMOHCTpupa (YyHKIMOHATHOCTTA HA MOKPUTHUETO B PEATHO MHKPOEIEKTPOMEXaHUYHO
(MEMS) ycrpoiictBo. PaboTHusT o6xBar Ha yctpoiictBoTo € Mexay 2 u 800 g, a
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MUE30€JCKTPUYHOTO HAMPEKEHUE, TeHEPUPaHO Clie] MHUHHMAaHaA aedopmars ot 5,4 nm (2g),
Oemre 9,66 mV.

B.23. Pandiev, 1., Aleksandrova, M., Kolev, G., Analysis and Design of Power Processing Circuits
for Thin Film Piezoelectric Energy Harvesters on Flexible Polyethylene Terephthalate Substrates,
Proceedings of the IEEE 31st International Conference on Microelectronics, MIEL 2019 - Nis,
Serbia, 16 September - 18 September 2019, pp. 313-316, 8889614, ISSN: 2159-1660

Piezoelectric potassium niobate based harvesters with active films' thickness between 200 nm and
400 nm are fabricated by vacuum radiofrequency (RF) sputtering on plastic polyethylene
terephthalate substrates. Using gold electrodes at the opposite sides of the samples, they show
piezoelectric rms voltage between 300 mV and 600 mV generated from 3 ¢cm? area, according to
the film's thickness. The obtained current from a single harvester is up to 1pA. An AC/DC power
processing circuit topology intended for this type of piezoelectric energy harvesters is proposed
and investigated. A DC/DC monolithic low-power converter is connected between the output port
of the bridge rectifiers with smoothing capacitor and the load (such as rechargeable battery or
supercapacitor (SC)) in order to properly regulate the rectified voltage. Experimental tests,
conducted by using the synthesized piezoelectric energy harvesters on flexible substrates, validate
the theoretical analysis and results.

[Tue3oeneKTpuYHN YCTPOMCTBAa Ha OCHOBaTa Ha KalMeB HMOOAT C aKTHBHA JeOEIMHA Ha CJof,
Bapupama Mexay 200 nm u 400 nm ca nmpousBelleHH 4pe3 BakKyyMHO BucokouecToTHO (RF)
pasmnpariBaHe BbPXY I'bBKaBH MOJUIOKKH OT MOJMETHIIEH TepedTanaT. ChC 3IaTHH €NEKTPOAH,
pa3noJI0KEeHH Ha MPOTHBOMOJIOKHHUTE CTpaHW Ha oOpasmure, Te mokazpar edekruBHo (RMS)
nue30eNeKTpuyHo HarnpexeHnue Mexay 300 mV u 600 mV, rerepupano oT 1oml ot 3 cm?, B
3aBHCUMOCT OT Jie0ennHaTa Ha akKTUBHUS CJIOH. [10TydeHHIT TOK OT eMH JOOMBEH EJIEMEHT € JI0
1 pA. Ipennoxkena u npoydera e tomojorus Ha AC/DC cxema 3a 00paboTka Ha eHeprus,
npeqHa3sHaueHa 3a TO3W THII MMHE30€NeKTPUYHHA YCTPOWCTBA 3a TOOMB Ha eHeprus. MOHOIUTEH
DC/DC manomolneH mpeoOpa3yBares € CBbpP3aH MEXIy H3BOAAa Ha MOCTOBU M3MPABUTEIH C
M3MIIaX/IaIl KanaluTeT U ToBap (KaTo akyMyJaTopHa Oatepus uinu cynepkonaensarop (SC)), 3a
Jla MO’KE€ Jla peryjiMpa NpaBWIHO M3MPaBEHOTO HampexeHue. [IpoBeneHuTe ekcriepuMeHTaTHH
TECTOBE C M3MOJI3BaHE Ha JJaOOPaTOPHO CUHTE3MPAHUTE MUE30eNEeKTPUYHN YCTpOicTBa 3a JOOUB
Ha €Heprus BbpXYy I'bBKABU MOAJIOKKU BAIUAMPAXa TEOPETUUHUS aHAIN3 U PE3yJITaTUTE.

B. 24. Aleksandrova, M., Kolev, G., Vucheva, Y., Pandiev, 1., Denishev, K., Flexible Oxide-
Polymeric Composites for Piezoelectric Energy Harvesting, Proceedings of the IEEE 3lst
International Conference on Microelectronics, MIEL 2019 Nis, Serbia, pp. 141-144, 8889602, 16
September - 18 September 2019, ISSN: 2159-1660

In this study is presented technology for fabrication of a piezoelectric element as an alternative
energy source (energy harvesting). The elements are produced on flexible polyethylene naphthalate
(PEN) substrates and consist of novel lead-free nanocomposite [Ga-doped ZnO (GZO)-
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polyvinylidene fluoride (PVDF)]. The oxide film is deposited by vacuum radiofrequency (RF)
sputtering and PVDF is pulverized by spray coating system. Aluminum and gold metal coatings
are investigated as electrodes for optimal extraction of the generated electric energy from the
piezoelectric coating. It was showed that PVDF spray deposition reduces the surface roughness of
GZO film with 1.4 %. Piezoelectric response is measured at different applied dynamic loads with
the two types of electrodes, as well as for oxide-only film. It was found that PVDF based composite
leads to improved interface conditions for electrode coating, such as low parasitic capacitances.
The highest obtained piezoelectric voltage is 586 mV at 40 g mass weight load with frequency of
50 Hz for gold coated GZO+PVDF. This voltage is 41% higher and more stable in the time sweep
in comparison with the case at PVDF-free piezoelectric film, and 29% higher than the composite
element, but with aluminum electrode. The interface capacitance is 3 orders of magnitude lower
(nF vs pF) and the contact resistance is 15 times smaller (Q vs k) when the interfaces are with
gold, which optimizes the electric energy collection and enhances the energy harvesting
performance.

B ToBa u3cnenBaHe € npencTaBeHa TEXHOJIOTHUS 33 IPOU3BOJICTBO HA TUE30€TIEKTPUYHU €JIEMEHTH
KaTo aJITepHAaTUBEH U3TOYHUK Ha eHeprus. EneMeHTuTe ce u3rpaxkaatr BbpXy I'bBKAaBU MOJI0KKH
ot noymerwieH Hadranar (PEN) u ce cheTosT ot Ge3omoBeH HaHOKOMITO3UT [Ga-nerupan ZnO
(GZO)-nonuBununuaeH auduyopun (PVDF)]. OxcumHusT cioii ce HaHacs 4pe3 BaKyyMHO
BrucokouecToTHO (RF) pasnpamBane, a PVDF ce mynBepusupa ynrpasBykoBo. M3cneasanu ca
QIyMUHUEBU M 3JIaTHU METAJIHU TOKPUTHUS KaTo €JIEKTPOAW 3a ONTHUMAJIHO HM3BIMYAHE Ha
reHepupaHara eJeKTpUUecKa EHEprusi OT KOMIIO3UTHOTO OKPUTHE. Y CTAHOBEHO €, Y€ METOABT Ha
HaHacsiHe Ha PVDF upe3 nynBepusupane HamansiBa noBbpxHocTHaTa rpanaBoct Ha GZO ciioeBete
c 1,4 %. Ilue30eneKTpUYHUAT OTKIMK € HU3MEPEH IpU DPA3NIUYHU NPUIOKEHH TUHAMUYHU
HATOBAapBaHUS C ABAaTa THUIA €JIEKTPOJIN, KAKTO U 3a CII0s CaMo C OKCHJ KaTo pedepeHTeH. OTKpUTO
e, ye KoMno3uTsT Ha 6a3za PVDF Boau 10 nogoOpenu unTepdelicHu ycioBus ¢ e1eKTPOAUTE, KaTo
HanpuMmep (QopMUpaHE Ha MaJKM [apa3uTHU Kamauuterd. Hall-BUCOKOTO MOJIydeHO
MME30€JIEKTPUYHO HanpexeHue € 586 mV npu HaroBapBane oT 40 g m dvecrora 50 Hz 3a
GZO+PVDF cbe 3naren enekrpon. Tasu croiiHocT € ¢ 41% mo-BHcOKa M TO-CTaOuUITHA BBHB
BpPEMETO B cpaBHEHHE ¢ OKcuaHU cioil 6e3 PVDF u ¢ 29% mo-Bucoka OT KOMIO3UTHHS €IEMEHT
C allyMHHHEB enekTpoa. IIpexonHusaT kamamuter e ¢ 3 nmopsabka no-manbk (nF cpemty pF) u
KOHTAKTHOTO ChIIPOTUBIIEHUE € 15 mbTu mo-mainko (Q cpenty k€2), koraro npexoauTe ca cbe 31aTo,
KOETO ONTHUMM3Hpa ChOMPAHETO Ha eJIEKTpUYecKa eHeprus U NoJo0psiBa NPOU3BOIUTEITHOCTTA.

B.25. Aleksandrova, M., Dobrikov, G., Kolev, G., Y Marinov, Vlakhov, T., Denishev, K.,
Flexible and Lead-Free Barium Strontium Titanate Based Generatrors, Proceedings of the

International Spring Seminar on Electronics Technology, ISSE 2018, Zlatibor, Serbia, 16 May
2018-20 May 2018, 8443666, ISSN: 2161-2536 (SJR 0.219)

In this study BST thin films were RF sputtered on gold/polyethylene dioxithiophene coated
polyethylene naphthalate flexible substrate and piezoelectric generator with top patterned
electrodes was designed. The composition of the films, piezoelectric response of the device,
dielectric losses, capacity and mechanical stability were investigated. It was found that device
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consisting of barium strontium titanate (BST) films with thickness of 420 nm and composition of
Bayg 5Sro5TiO3, exhibited high capacity of 4.65 uF, low dielectric losses of 107 - 102 in a broad
range of frequencies and produced average voltage of 80 mV at applied low frequency vibrations
with intensity of 350 g. The average produced power was 7.02 uW per bending cycle and the power
density was 2.34 pW/cm?. Maximal longitudinal piezoelectric coefficient d33 was found to be 10.8
pC/N The mechanical stability is satisfying, as the variation of the capacity was not greater than
17% up to 320 bending cycles, and the device resisted to 500 cycles without degradation. This
might be due to the presence of elastic polymer at the bottom electrode interface. The results show
superior performance of the generator, as compared to the available results.

B ToBa m3cneaBane ThHKHM cinoeBe oT BaSrTiOs (BST) ca HaneceHw uYpe3 BHCOKOYECTOTHO
pasmpailBaHe BbpPXY TI'bBKaBa IMOMJOXKKA OT TOJMETWSIeH Hadranar, T[OKpUTa CbC
3naro/mommmermwieHaunokcutuoden (PEDOT), un Gemie mpoekTupaH MUE30€IeKTPUICH TeHEPATOP
ChC TEOMETPUYHO CTPYKTYpUPAHH €NeKTpoau. M3ciieqBanu ca XUMUYHHSAT ChCTaB Ha CIIOEBETE,
MUE30CNIEKTPUYHHAT OTKJIMK Ha YCTPOMCTBOTO, MAUEICKTPUUHUTE 3aryOu, KamaluTeTbT H
MEeXaHUYHaTa CTAa0MIIHOCT. Y CTAHOBEHO €, Y€ YCTPOMCTBOTO, CHCTOSIIIO C€ OT CJIOE€BE OT 0apHeBO-
crponreB tutaHat (BST) ¢ mebenmmuaa 420 nm u enemMeHTeH chcTtaB BaosSrosTiOs3, nmposisBa
BHCOK KamauuTet ot 4,65 uF, Hucku auenekTpuunu 3aryou ot 10~ g0 10 B IIMpoK Auana3oH ot
YEeCTOTH U F€HEpUpa CpeIHO HarpexkeHne oT 80 mV npu npuiiokeHn HUICKOYECTOTHU BUOpALUH C
nHTeH3uBHOCT OT 350 g. Cpeano nmpousseneHara MoutHocT € 7.02 uW Ha IUKBJI Ha Or'bBaHe, a
IUTBTHOCTTa Ha MomHocTHata ¢ 2.34 pW/cm? Hal-BUCOKHMAT W3MepeH HaIIhKeH
nme3oenekTpudcH koepuimenT dsz € 10.8 pC/N. MexannyHata cTaOUITHOCT € 33JJ0BOJIMTEITHA, Thid
KaTo U3MEHEHHETO Ha KananuTera He Haauiasa 17% a0 320 nukbia Ha Or'bBaHe, @ yCTPOHUCTBOTO
ycrosiBa Ha 500 rukbia 0e3 aerpangaius. ToBa MOXke J1a ce IBJDKUA HA MPUCHCTBUETO HA €TACTUYCH
oJInMep Ha uHTepderica mpu JOJHUS EIEKTPOI.
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I'pyna , 1.7

I'.7.1. Aleksandrova, M., Ustova, B., Tsanev, T., Raptis, 1., Tserepi, A., Gogolides, E., Kolev, G.,
Microheater Topology for Advanced Gas Sensor Applications with Carbyne-Enriched
Nanomaterials, Applied Sciences (Switzerland), 2024, 14(5), 1728, ISSN: 2076-3417 (IF: 2.5, Q2)

The response characteristics of carbyne-enriched surface-acoustic-wave (SAW)-based gas sensors
utilizing meander and rectangular microheater topologies were investigated to assess their
desorption and recovery properties. Comparative analysis of contact resistance and interface
capacitance before and after heating revealed minimal deviation in contact resistance, signifying
strong thermal stability in the carbyne-enriched layer. However, the interface capacitance varied
with the microheater size. Our analysis reveals that a small meander microheater configuration
(line width: 300 um) facilitates efficient sensor recovery at ethanol concentration measurements in
the range of 180-680 ppm, maintaining a low deviation in time delay across different
concentrations (~2.3%), resulting in a narrow hysteresis and linear sensor response. Conversely,
the large meander microheater (line width: 450 um) and rectangular dense microheater induce
irreversible changes in the sensing structure, leading to a widened hysteresis at higher
concentrations and increased power consumption. Recovery patterns display substantial deviations
from initial values at different concentration levels. Higher concentrations exhibit broader
hysteresis, while lower concentrations show narrower hysteresis loops, compared to the small
meander microheater. The study offers insights into desorption rates, power consumption
variations, and recovery behaviors related to different microheater configurations. It demonstrates
the importance of microheater topology selection in tailoring recovery properties and response
characteristics, contributing to the advancement of carbyne-based sensor technology.

N3cnenBanu ca XapakKTepUCTUKUTE HA OTKIMKA HA Ta30BH CEH30pH, 0a3UpaHU HA TTOBBPXHOCTHHU
aKyCTH4YHU BbJU (SAW), U3110J13Balll UyBCTBUTEIIHHU CIIOEBE 000raTeHU C KapOMH, C IPUIIOKEHNE
Ha pa3JIMYHU TOMOJIOTMH HAa MUKPOHArpeBaTeM C MEaHIbpHA W MpaBOBIbIHA (opMma, 3a aa ce
OIICHAT TEXHUTE CIIOCOOHOCTH 3a JecopOuusi U Bb3cTaHOBsiBaHE. CpaBHUTEIHHAT aHAIU3 HA
KOHTAKTHOTO CBIIPOTHBICHHE M MPEXOJHUS KamauuTeT MNpeau W CJeJ HarpsBaHe IOoKa3Ba
MUHHMMAJIHU OTKJIOHEHHUS Ha CHIIPOTUBIEHUETO HA MPEX0Ja, KOETO O3HAauaBa CHUJIHA TEPMHYHA
CTaOUITHOCT B C€/10s ¢ KapOuH. BeIpeku ToBa, MPEeXOJHUAT KalaluTeT Bapupa B 3aBUCUMOCT OT
pa3Mepa Ha MHKpoOHarpeBaTens. AHATU3bT pa3KpuBa, 4Ye KOHPUTYypalUATa HA MAaJKHUSI
MUKpOHarpeBaten MeaHasp (¢ mmpuHa Ha jauHHATa: 300 um) yrnecHsiBa e(EKTUBHOTO
BH3CTAaHOBSIBAHE HA CEH30pa IIPU U3MEPBAHMS Ha KOHIEHTPALU Ha €TaHoJ B Auana3zoHa 180—-680
ppm, NOAABPXKAUKH HUCKO OTKJIIOHEHHWE BbB BPEME3aKbCHEHUETO MPU PA3IUYHU KOHUEHTpaIuu
(~2,3%), K0oeTo BOU 10 TECEH XUCTEPEe3UC U JUHEHHA peakius Ha ceH3opa. OOpaTHO, TOIIMOTO
MEaHAbpPHO KOH(UTypupaHe Ha MUKpoHarpeBarens (mupuHAa Ha JauHHATa: 450 um) u
MPABOBI'BIHUAT IUIBTEH MUKpPOHArpeBaTes MpeAu3BUKBAT HEOOpaTUMHM MPOMEHU B CEH30pHATa
CTPYKTYpa, KO€TO BOIM JO Pa3IIUPEH XUCTEPE3UC MPHU MO-BUCOKH KOHIIEHTPAIMH U yBEIHMYCHA
KOHCyManusi Ha eHeprus. KpuBuTe Ha BBH3CTAaHOBSIBAHE TMOKA3BaT 3HAYUTEIHU OTKJIOHEHHS OT
HaYaJTHUTE CTOMHOCTH TPHW Pa3IMYHU HUBA HAa KOHIEHTparus. [1o-BUCOKHTE KOHIICHTPAIMH
MOKAa3BaT MO-ITUPOKA XUCTEPE3UC, TOKATO MO-HUCKUTE KOHIIEHTPAIIUH - TIO-TECHU XUCTEPE3UCHU
[UKJIA, B CPaBHEHHE C MaJKWsA MHUKpoOHarpeBarenl. M3cieaBaHeTo mpeaocTaBs WHQPOpPMAIIHS
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OTHOCHO CKOPOCTUTE Ha JecOpOIlHs, Bapuallid B KOHCYMAIlUsATa Ha SHEPrUsl M MOBEICHUS MPH
BBH3CTaHOBSIBAHE, CBbP3aHH C Pa3IMYHUTE KOH(PUTYpallui Ha MUKpOHarpeBatens. To reMoHcTpupa
3HAYCHUETO Ha M300pa Ha TOIMOJIOTHS Ha MUKpPOHAIrpeBaTessl IPU HACTPOMBAHETO HA CBOWCTBATa
Ha Bb3CTAHOBSIBAHE U XapaKTEPUCTHUKUTE HA OTKJIMKA, JOIPUHACSIHKH 32 Pa3BUTUETO HA CEH30PHH
TEXHOJIOTHH Ha 0a3a KapOuH.

I'.7.2. Georgieva V., Aleksandrova M., Stefanov P., Grechnikov A., Gadjanova V., Dilova T.,
Angelov T., Study of quartz crystal microbalance NO» sensor coated with sputtered indium tin
oxide film, Journal of Physics: Conference Series, 2014, 558 (1), art. no. 012037, ISSN: 1742-
6596 (SJR 0,26)

A study of NO2 gas sorption ability of thin indium tin oxide (ITO) deposited on 16 MHz quartz
crystal microbalance (QCM) is presented. ITO films are grown by RF sputtering of indium/tin
target with weight proportion 95:5 in oxygen environment. The ITO films have been characterized
by X-ray photoelectron spectroscopy measurements. The ITO surface composition in atomic % is
defined to be: In-40.6%, Sn-4.3% and O-55%. The thickness and refractive index of the films are
determined by ellipsometric method. The frequency shift of QCM-ITO is measured at different
NO; concentrations. The QCM-ITO system becomes sensitive at NO> concentration > 500 ppm.
The sorbed mass for each concentration is calculated according the Sauerbrey equation. The results
indicated that the 1.09 ng of the gas is sorbed into 150 nm thick ITO film at 500 ppm NO;
concentration. When the NO; concentration increases 10 times the calculated loaded mass is 5.46
ng. The sorption process of the gas molecules is defined as reversible. The velocity of sorbtion
/desorption processes are studied, too. The QCM coated with thin ITO films can be successfully
used as gas sensors for detecting NO- in the air at room temperature.

[IpencraBeno e m3cienBane Ha crocoOHOCTTa 3a copOiust Ha NO; ra3 BbpXy THHKH CIIOEBE OT
nnaueBo-kanaeH okcuj (ITO), nanecenn BBpxy 16 MHz kBapuoBokpucTaliHa MHKPOBE3HA
(QCM). CroeBetre ot ITO ca nanecenn upe3 RF pasmpamBane Ha MullieHa WHAM:Kamal c
TErVIOBHO CBOTHOIIEHHME 95:5 B cpema Ha kucinopogHa masma. [TO mnokputusita ca
XapaKTepU3UpaHU Ype3 HM3MEpBaHHUs C PEHTIeHOBa (OTOENEKTpOHHA crekTpockonus (XPS).
CucraBbT Ha NoBbpXxHOCTTA HAa ITO B aTroMHM niponieHTH € onpeneneH Ha: In-40.6%, Sn-4.3% u O-
55%. JlebenunHara u Koe(pUIIMEHTHT Ha NpedylBaHEe Ha CIOEBETE ca ONPEIENICHH C METO/Aa Ha
enuncomerpus. YectorHata npomsiHa Ha QCM-ITO e nzMepeHa npu pa3auyHU KOHLEHTPALUU Ha
NOz. Cucremata QCM-ITO craBa uyBcTBUTENHA Npu KoHIEeHTpauus Ha NOz > 500 ppm.
Copbupanara Maca 3a BCSIKa KOHIEHTpallMs € HM3YMCIEHA 10 ypaBHEHHETO Ha 3ayepOpei.
Pesynrature mokassat, ue 1,09 ng ot raza e copbupan B 150 nm geben ITO cnoii npu
koHueHtpauus Ha NO;z ot 500 ppm. Koraro koHuenrpauusara Ha NO; ce yBennuu 10 mbTH,
u3YHMCIeHaTa HaTtoBapeHa Maca e 5,46 ng. IlpomechT Ha copOIMs Ha ra30BUTE MOJIEKYJIU €
orpejesneH kKato oOparuM. M3yyeHH ca M CKOPOCTHTE Ha MPOILECUTe Ha COpOLUs/IecopOIus.
QCM, nokput ¢ ThHKM cioeBe oT ITO, Moke yCHemHo aa ce M3MOJ3Ba KaTo ra3oB CEH30p 3a
oTkpuBaHe Ha NO2 BbB Bb3]lyXa IPU CTallHAa TeMIEpaTypa.
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I'.7.3. Tomov, R., Strijkova, V., Katrova, V., Aleksandrova, M., Investigation of Spray-Coated
Titanium Carbide MXene Thin Films and Their Application in Biosensors, 2024 33rd International
Scientific Conference Electronics, ET 2024 - Proceedings, Sozopol, 17 September - 19 September
2024, ISBN: 979-8-3503-7645-6.

In this study, a water-based eco-friendly solution of Titanium Carbide MXene was ultrasonically
spray coated on Si/SiO; substrate for the detection of sweat substances. The optimal flow rate of
the solution was found to be 0.15ml min, and the resulting films had a surface roughness of ~ 17
nm and sheet resistance of 156 /sq. Chemoresistive sensors with titanium and aluminum contacts
were fabricated and their response to MgCl,, NH3 and NaCl was measured. The most stable and
strongest response was toward MgCl, from sensors with Ti contact.

B ToBa m3cienBaHe € MpUIIOKEH BOJEH, €KOJOTMYHO YHCT Pa3TBOpP HAa TUTAHOB KapOun MXene
gpe3 YATPa3BYKOBO ITyJIBEpU3HpaAHE BHPXY MoIokka Si/Si02 3a OTKpHBaHE HA BEIIECTBA OT
norta. OnTuManHuAT 1eOUT Ha pa3TBopa € ycranoseH Ha 0,15 ml/min, a momyyeHuTe cioeBe UMaT
MMOBBPXHOCTHA TPAaBOCT OKOJIO 17 nm u TUCTOBO chiipoTuBIeHHE OT 156 Q/sq. [IpoekTrpanu ca
XEMOPE3UCTHBHH CEH30pH C KOHTAKTH OT THTAaH M AIyMHHUN M € U3MEPEH TEXHHUAT OTIOBOp Ha
MgClz, NH3 u NaCl. Haii-cTaOmiiHuAT U cHileH OTKIMK e HaOronaBaH npu MgCls 3a ceHzopure ¢
TUTAHOB KOHTAKT.

I'.7.4. More, P.B., Bansode, S.B., Aleksandrova, M., Jadkar, S.R., Pathan, H.M., Synthesis of
Zn0O Thin Films Using Chemical Bath Deposition and Investigation of Physicochemical Properties,
ES Energy and Environment, 2023, 22, 983, ISSN: 25780646 (SJR 0,594, Q2)

In the present work, we have synthesized ZnO thin films on the FTO (fluorine-doped tin oxide)
substrate by chemical bath deposition method (CBD) at 70 °C temperature. X-ray diffraction
studies reveal that ZnO films have a hexagonal wurtzite structure with texturing along the (002)
direction. In addition, scanning electron microscopy confirmed the formation of micron-sized rods
oriented along the vertical (c-axis) direction. Moreover, various optical and photoelectrochemical
(PEC) properties are examined. From U-V spectroscopy, the optical band gap of the ZnO thin film
was found to be 3.1 eV. Photoluminescence spectra revealed that the film deposited which consists
of a sharp emission in the UV region and broad emission in the visible region could be related to
defects in ZnO. Electrochemical impedance spectroscopy shows that under illumination, the ZnO
film shows PEC performance in terms of higher photocurrent density. The chronoamperometry
shows stability test with photocurrent density vs. time was 60 pA/cm?. Furthermore, the Mott-
Schottky curve confirms that the as-deposited ZnO films are n-type with a charge carrier density
of 8.55x10'8 cm™,

B Hacrosmara pabota ca cuHTe3upaHu ThHKH ciioeBe 0T ZnO Bbpxy nonoxka ot FTO (dnyopHo-
JIETUPaH KajlaeH OKCUa) ¢ MeTo Ha xuMuuHa 6anst (CBD) npu temneparypa 70 °C. 3mepBanusita
Yype3 peHTreHoBa JUQPaKLUs pa3KpUBaT, 4e MOKpUTuATa oT ZnO nMat BIOPTIIMTHA XEKCaroHaHa
CTpyKTypa ¢ TekcTypa (kpuctanorpadcka opuentranus) B mocokata (002). OceH ToBa,
CKaHMpallaTa eJeKTPOHHA MUKPOCKOIUS MOTBbPKIaBa 00pa3yBaHETO HA MUKPOHHU CThJIOYETa,
OpUEHTHpPAHU BHB BEpPTHKAIHA IOCOKAa CHOPSMO MOBBpXHOCTTA. Pasrimenanu ca W pasiauyHu
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ontruuau U potoenekrpoxumudnu (PEC) croiictBa. OT UV criekTpockonusiTa € ycraHoBeHa 3,1
eV ontuyHa 3a0paHeHa 3oHa Ha ThHKHA ciod ZnO. Cnekrpure Ha (OTOTYMUHECLECHIIHS
pa3KpHBar, 4e CIOST, KOWTO MOKa3Ba OCTHpP MUK Ha u3nbuBaHe B UV 005acTTa v MUPOK MUK Ha
U3TbYBAaHE BHB BUAMMUS MANa30H, MOXeE Aa € cBbp3aH ¢ aedextu B ZnO. EnexTpoxuMudHaTa
UMIIEJAHCHA CIEKTPOCKONUS IOKa3Ba, u€ IpU OCBETsIBaHe, cioAT ZnO mposiBsBa I0-BHUCOKA
IUTBTHOCT Ha )OTOTOKA. XPOHOAMIIEPEOMETPHATA IIOKa3Ba CTAOMITHOCT Ha TECTA, KaTO IITbTHOCTTA
Ha Qororoka BBB BpemeTo € 60 pA/cm? Ocsen ToBa, Mott-Schottky kpuBara moTBbpxkIaBa, ue

cunTesupanute ZnO clioeBe ca N-THUII ¢ IUIHTHOCT Ha TOKOHOCHTenuTe oT 8,55x10'8 cm™,

I''7.5. Tomov, R., Aleksandrova, M., Metallization and bonding approach for carbyne
nanomaterial, /nternational Journal on Technical and Physical Problems of Engineering, 2023,
15(57), pp. 338343, ISSN: 2077-3528 (SJR: 0,228, Q3)

In this paper, carbyne film applicable in gas sensors, was metallized by vacuum sputtering with
different materials, aiming formation of Ohmic and Schottky contacts. The metal top layers were
bonded by different metal wires and bonding conditions to prepare the samples for packaging. The
effect of the bonding force and temperature on the penetration of metal particles in the carbyne was
investigated. Silver was bonded by aluminum wire and palladium — by gold wire. The cross-section
of the carbyne/metal interface was observed by scanning electron microscope and chemical
analysis was made in depth across the layer thickness to explore the elemental profile of each layer.
The sheet resistance variation was also used to confirm the results from the interface imaging and
mapping. It was found that silver particles diffuse slowly in the carbyne, but the palladium ones
diffuse strongly and significantly increase the conductivity of the carbyne material. A possible
solution to prevent this process is nickel barrier thin film insertion under the palladium. It was
proved that the Pd/Ni interface is stable at bonding and the properties of the carbyne were kept
unmodified. The results are of great importance for the prototyping of novel carbon nanomaterials-
based gas sensors.

B Tasu cratus e onucaHo MeTtanu3upaHe Ha KapOWHOBU CIOEBE, IPUIOKUMHU B Ta30BU CEH30PH.
Peanusupa ce upe3 BakyyMHO pa3mpaliBaHe Ha pa3IMuyHu METalH, ¢ 11el 00pa3yBaHne Ha OMUYHH
u HloTku KOHTAaKTH. MeTallHUTe TOPHHU CI0eBe 0s1Xa CBBP3aHH C Pa3IM4YHU METAIHU MTPOBOAHHIIN
U yCIIOBUSI Ha CBBp3BaHE, 3a Jla C€ MOJrOTBAT MPOOHUTE 3a OMPOBOJsABAaHE 4pe3 OOHAMpaHE H
koprmycupane. M3crnenBan Oe epekThT Ha cuiaTa Ha HATHUCK Ha OOHupamaTta Huria u
TeMIlepaTypara Ha MoAJI0KKaTa BbPXY MPOHUKBAHETO HA METAJTHHU YacTHIIH B kKapouHa. CpedpoTo
Oete OOHIMPAHO C ATyMHHUEB MUKPOTIPOBOTHUK, a MaNaJUsT — ChC 371aTeH. HampeuHoTo ceyeHue
Ha uHTepdelica kapOuH/Meran Oemie HaOMIOJAaBaHO C TOMOIITa Ha CKaHUpAIl EJIeKTPOHEH
MHUKPOCKOII, 2 XUMHUYECKHIT aHaliu3 Oellle MPOBEAICH B AbI00UYMHA 10 AeOenrHaTa Ha cJos, 3a J1a
Ce MPOYYH EIEeMEHTHUAT Mpodui Ha BCEKHU clOi. VI3MEHEHHETO Ha JTUCTOBOTO CHIPOTUBIICHHE
ChIl0 Oemie W3MON3BaHO 3a TMOTBBPXKIaBaHE Ha peE3ylATaTHTe OT HW300paxeHusITa U
KapTorpadupaHeTo Ha mpexoaa. Y CTaHOBEHO Oellle, 4ye cpeObpHUTE YacTULU JUPYyHAUpaT OaBHO
B KapOWHA, HO TAJAJWCBUTEC YaCTUIM JUPYHIApPAT CHIHO ¥ 3HAYWTEITHO YBEIUYaBaT
MIPOBOJMMOCTTa Ha MaTepuayia KapOWH, KOETO € HEKOHTPOJIMPYEeMO M HEXeJIaHO. BB3MOKHO
pelIeHre 3a MPeJ0TBpaTsIBaHe Ha TO3H MPOIIEC € BMBKBAHETO HA THHBK OapUEPEH CIIOW OT HUKET
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nox nanaaus. Jlokazano e, ye uarepdeiicbt Pd/Ni e ctabuien npu O0OHIUpaHEe W CBOMCTBATa HA
KapOWHA 0CcTaBaT HEM3MEHEHHU. Pe3ynraTure ca OT rojisiMo 3HaYSHHE 3a MPOTOTUITUPAHETO HA HOBH
ra30BU CEH30pH Ha 0a3a BBIIIEPOIHI HAaHOMAaTEpUAIIH.

I'.7.6. Tomov, R., Kolev, G., Dobrikov, G., Aleksandrova, M., Study of bonding parameters with
Al and Au wires on Pd and Ag coatings, Journal of Physics: Conference Series, 2024, 2710(1),
012022, ISSN: 1742-6596 (SJR 0.187)

The process of electrical connection with gold and aluminium wires to palladium and silver
electrodes is studied. Parameters of the wire bonding, such as bond force, ultrasonic power, bond
time and temperature of the layers, controlled by heating the substrate are varied to explore the
reliability of the bonds in terms of mechanical strength, electrical conductivity and interdiffusion
of particles between the electrode and functional material at different bonding conditions. The
importance of this study is due to the need of electrical connectivity at the stage of wiring and
packaging of gas sensors with a novel organic nanomaterial (carbyne), requiring different types of
electrodes - Ohmic or Schottky - according to the measurement principle and sensor architecture.
Pd and Ag are identified as the most suitable for Ohmic and Schottky contacts, respectively,
because of their favourable energy level alignment at the organic/metal interface. The chosen
method for bonds testing is measurement of the pull force causing bond failure. The results show
that Pd coating was bondable by Au wire, and Ag coating by Al wire, as well as Au on Pd bonds
have 4 times higher strength. It is found that the bonding procedure doesn't affect negatively on the
Au/Pd/carbyne interface in terms of diffusion and redistribution of metal particles, but
Al/Ag/carbyne is characterized by poor adhesion and the bonds are peeled-off. The results give
new knowledge for the fabrication of advanced gas sensors and for the interaction of the carbyne
with different metals, which will serve as a base for further optimization of the manufacturing
technology toward their commercialization.

W3cnensan e npouechT Ha OOHIUpPaHE ChC 3JIATHU U ATyMHHUEBH TPOBOIHUIIN KBM ITaaIUCBH H
cpeobpHu enektponu. [IpoMmeHsHH ca mapameTpuTe Ha OOHAMpaHEe, KaTo CUJIa HA HATHUCK,
yITpa3ByKOBa MOILIHOCT, BpeMe Ha OOHAMpaHe M TeMIepaTypa Ha CIO0EBETEe, KOHTPOJIUPaHa upes3
HarpsiBaHe Ha TMOJUJIOKKAaTa, 3a Ja Ce M3CJe/Ba HAJIeKAHOCTTa HA BPB3KUTE MO OTHOIICHHE Ha
MEXaHMYHA YCTOWYMBOCT, €NEKTPHUUECKa MPOBOJAUMOCT U B3aMHA AUQPY3Hs HA YACTHIIH MEXKITY
eNneKkTposa U pyHKIMOHAHUS MaTepual. V3cienBanero e BaXKHO 3a €JIeKTpUUecKaTa CBbP3aHOCT
MIPH OTPOBOJIIBAHE M KOPITyCHPaHe Ha Fa30BU CEH30PH C HOB OPraHUYeH HaHOMaTepua (KapOuH),
msuckBamm Omuyan unn LloTku enekTpoan, B 3aBUCUMOCT OT MIPHUHIIMIIA Ha u3MepBaHe. Pd u Ag
ca uneHTuduIMpanu kato noaxoasauy 3a Omuunu u llloTku koHTakTH. MEeTOABT 3a TeCTBaHE Ha
BPB3KHTE € 4Ype3 M3MepBaHE Ha CWiIaTa Ha OMbH, NMPUYUHSBAIIA pa3pyllaBaHe Ha Bpb3KaTa.
Pesynrature mokasBar, 4ye NalaJAMeBOTO IMOKPUTHE MOXKE Ja ObJae OOHIUPAHO ChC 3J1aTEH
MIPOBOJIHUK, a CpedpOTO C allyMMHHEB, KaTo Bpb3kara Au/Pd mma 4 mbTH mo-BHUCOKa SIKOCT.
[IpouechT Ha CBBp3BaHE HsIMa HEraTUBHO BiMsSHHE BbpXy HHTepdeiica Au/Pd/kapbun, HO
Al/Ag/xapbun ce xapakTtepuzupa C Jiolmma aaxe3us W oOelBaHe Ha KOHTaKTUTe. Pesynrature
MPEIOCTaBAT HHPOPMAIIHS 32 IIPOU3BOJICTBOTO HA YCHBBPIICHCTBAHN Ta30BU CEH30PU U MTOTOTBS
o0pa3nu Ha TEXHOJIOTUYHO HUBO 32 OBJeIIa KOMEepCHaTnu3aIus.
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I'.7.7. Tomov, R., Aleksandrova, M., Improving Gold and Palladium Ohmic Contacts of Carbyne-
Based Devices, Journal of Circuits, Systems and Computers, 2025, vol. 34, issue 16, 2441001,
ISSN: 0218-1266 (IF 1, Q3)

The effects of the sequence of technology steps of electrical contact formation between carbyne
layers and metal electrodes (gold, platinum) on contact parameters were explored. Enhancements
in contact parameters were achieved through thermal annealing of the samples. Contact parameters
were measured by transmission line method (TLM) and impedance spectroscopy after annealing
at atmospheric conditions. Lowering of contact resistivity and sheet resistance of the carbyne layer
after annealing was observed for temperatures up to 150 °C for palladium contacts and up to 100
°C for gold contacts. It was found that exceeding these temperatures is not recommended, as higher
annealing temperatures led to a reduction in the sheet resistance of the carbyne layer. Based on
these findings, it can be concluded that the electrical losses at metal contacts of carbyne-based
devices, with Au or Pd metallization, can be reduced through annealing. This is particularly critical
in carbyne-based gas sensors, where decreasing contact resistance enhances sensitivity.

W3cnenBanu ca epeKTUTE OT MOCIEAOBATEIHOCTTa HA TEXHOJIOTMYHUTE CTHIKH IIPH 00pa3yBaHEToO
Ha €JEKTPUYECKU KOHTAKTU MEXAy KapOMHOBU CEH30PHHU CIIOEBE U METAJIHU EIEKTPOAHU (3J1aTo,
IUIaTUHA) BbpXY MapameTpuTe Ha KoHTakTute. [logoOpeHus B mapameTpuTe Ha KOHTAKTUTE ca
IIOCTUTHATH Ype3 TEPMUUHO OTIpsiBaHe Ha rpoduTe. [lapamerpuTe Ha KOHTAKTUTE Os1Xa U3MEPEHU
¢ MeToJia Ha npeaasarenHarta auHus (TLM) n uMnenaHcHa CEKTPOCKONUS CJell OTTpsIBaHE IIPU
arMocdepHH ycioBus. HabmonaBa ce HaManeHue Ha KOHTAaKTHOTO CHIIPOTUBJIEHUE U JIMCTOBOTO
CBIIPOTUBIICHUE HAa KapOMHOBUS CIION ciie] HarpsiBaHe npu Temmneparypu 10 150 °C 3a nanaguesu
koHTakTH 1 10 100 °C 3a 3nmaTHU KOHTakTU. Ha 6a3aTa Ha Te3u KOHCTAaTalluK MOJXKE J1a Ce 3aKJII0UH,
4e eJeKTPUUECKUTE 3aryOu MpHU METalHU KOHTAaKTH Ha ycTpoicTBa Ha 6a3a kapOuH, ¢ Au uinu Pd
MeTajau3alus, MoraT Ja ObJAaT HaMaJeHH 4ype3 OTrpsiBaHeTo. ToBa € 0COOEHO KPUTHYHO IpH
ra3oBU CEH30pH, KBJIETO HAMalIBAHETO HA KOHTAKTHOTO CBIIPOTUBIIEHUE YBEJIMYaBa
YyBCTBUTEITHOCTTA UM.

I'.7.8. Tomov, R., Aleksandrova, M., Overview of the Metallization Approaches for Carbyne-
Based Devices, Molecules, 2023, 28(17), 6409, ISSN: 1420-3049 (IF 4,2, Q1)

Metallization for contacts in organic electronic nanodevices is of great importance for their
performance. A lot of effects can appear at the contact/organic interface and modify the contact
parameters, such as contact resistance, adhesive strength, and bonding ability. For novel materials,
it is important to study the interactions with metal atoms to develop a suitable technology for
contacts, fulfilling to the greatest extent the above-mentioned parameters. A novel material is
carbyne, which is still under intensive research because of its great potential in electronics,
especially for sensing applications. However, the most appropriate metallization strategy for
carbyne-based devices is still unknown, so the interactions between carbyne and metal films should
be studied to more precisely direct the development of the metallization technology, and to form
contacts that are not limiting factors for device performance.
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Meranu3anusra Ha KOHTAaKTUTE B OPTAaHUYHUTE CJIICKTPOHHU HAHOYCTPOWCTBA € OT CHUIECTBEHO
3HAYCHHE 3a TAXHATA MPOU3BOIUTEIHOCT. MHOrO e)eKTH MOoraT Jia ce MOSBSAT Ha MHTepdeiica
MEK/y KOHTaKTa U OPraHMYHUS Marepuall, KOUTO Aa MOJU(HUIUpAT MapaMeTpUTe Ha MPEexXoia,
KaTO KOHTAKTHO CBIIPOTHBIICHHE, aJXE3WBHA SKOCT M OOHIMpalNia CIOCOOHOCT. 3a HOBHTE
MaTepHaIl € Ba)KHO Jla Ce M3CIIeABAT B3aNMOJCHCTBUATA C METAIHU aTOMH, 32 Ja ce pa3padoTH
MOJIXO/ISIIIA TEXHOJIOTHUS 32 KOHTAKTH, KOSITO J]a OTrOBapsl B MAKCHMMaJIHA CTEIICH Ha MIOCOYCHHUTE
napametpu. Cpell HOBUTE Marepuaiy ¢ KapOUHBT, KOWTO BCE OIE € MPeAMET Ha WHTECH3MBHU
M3CIICIBAHUS, TIOpaadl CBOS OTPOMEH IIOTCHIMAT B EJIEKTPOHUKATa, OCOOCHO 3a CEH30pHH
NPUIOKEHHs. BbIpeKn ToBa, Hal-MOAXOAAIIATA CTPATETUsl 32 METATU3allMs 32 YCTPOMCTBA Ha
0a3a kapOMH Bce OIIE HE € M3BECTHA, Taka Y€ B3aMMOJCHCTBHATA MEXIy KapOMH U METATHHUTE
cioeBe TpsAOBa 1a ObJIaT U3CIIEIBaHM, 3a Ja CE HACOYM I10-TOYHO Pa3BUBAHETO HA TEXHOJIOTUATA 32
MeTanu3aiys u 1a ce GopMUpaT KOHTAKTH, KOUTO HE Ca OrpaHHYUTENIHU (pakTopH 3a paboTrara Ha
YCTPOUCTBOTO.

I'.7.9. Tomov, R., Aleksandrova, M., Palladium Films as Electrodes on Carbyne-Based Devices,
2023 IEEE 33rd International Conference on Microelectronics, MIEL 2023, Nis, Serbia, 16
October 2023 - 18 October 2023, ISBN: 979-8-3503-4777-7

Palladium contacts were deposited on a carbyne-enriched nanocoating, and the sheet resistance of
the carbyne material was measured before and after the deposition of different thicknesses of the
electrode films, to explore if there is unwanted interaction between the materials in contact. It was
deduced diffusion of palladium particles into the carbyne, and it was found that it is thickness
dependent. It was found that ~200 nm Pd films caused variation of the carbyne film's sheet
resistance from 130 to 118 k€Q/sq and 400 nm Pd resulted in a 27.9 kQ/sq of the carbyne, which
requires an additional blocking layer to prevent the diffusion process. Nickel thin film proved to
be an effective barrier to resolving this issue. Studying contacts between a variety of metals and
carbyne film is of great importance for the fabrication of future organic chip devices.

[TananyueBr KOHTAKTH ca HAHECEHHW BHPXY HAHOMOKPUTHE OOOTraTe€HO ¢ KapOWHO, a JIMCTOBOTO
CHIIPOTHUBIICHHE Ha KapOWHOBUS MaTepual € U3MEPEHO MPEAH U CIIe/l HAHACSHETO Ha eIeKTPOJIHU
CIIOEBE C pa3inyHa JebennHa, 3a J1a ce U3CJIeBa AU ChIIECTBYBAT HEXKEIAHU B3aUMOICHCTBUS
MEXAy Marepuanute, (opMUpalid KOHTAKT. YCTaHOBEHO €, 4Ye TMalaJueBUTE YaCTHIIH
mudyHIupar B KapOMHA M TOBa € 3aBUCHMMO OT aebenuHara - Pd ¢ gebenmna okorno 200 nm
MpeJU3BUKa U3MEHEHNE Ha JIMCTOBOTO CHIIPOTUBIIEHNE HAa KapOuHHU cioit ot 130 mo 118 k€/sq,
a 400 nm Pd Boau o 27.9 kQ/sq 3a kapOuHa, KOETO U3KCKBa J00aBsHE HA OapuepeH cIoi, 3a Aa
ce TPeaoTBpaTH MpouechT Ha Audy3us. THbHBK CION HUKEN MposBsiBa e()EeKTHBHU OapuepHH
CBOMCTBa 3a pa3peliaBaHe Ha TO3W MpoOieM. M3yyaBaHETO Ha KOHTAKTUTE MEXAY pa3INuHU
METaJIi ¥ MaTepuaina KapOuH € OT TroJiIMO 3Hau€HHUE 32 MPOU3BOJCTBOTO HA OBACIIN OPraHUIHH
YHI-CEH30PHH YCTPOICTBA.

I'.7.10. Rusev, R.P., Tzaneva, B.R., Ruskova, I.N., Aleksandrova, M.P., Kolev, S.V., Substrate
Effects on Flectrophoretic Deposited Biocompatible Piezo-Salts, Proceedings of the 58th
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International Scientific Conference on Information, Communication and Energy Systems and
Technologies, ICEST 2023 — Nis, Serbia, 29 June 2023-1 July 2023, pp. 235-238, ISBN: 979-8-
3503-1073-3

Piezo layers of non-toxic and biocompatible salts are formed for the green microelectronics, such
as Rochelle Salt and ammonium dihydrogen phosphate. These layers were deposited with
electrophoresis on aluminum and copper substrates. The influence of the substrates on the
morphology of the layers and their piezo-response were studied. The obtained structures are
polycrystalline, but have the piezo-moduli comparable to monocrystals and inorganic ceramics.

HI/IG?;OCJ'ICKTPI/I‘-IHI/I CJI0€BE OT HETOKCUYHHU U OMOCHEBMECTUMU COJI4, KaToO COJI Ha Pomre u amonuen
muxuapored ¢ocdar, ca CHHTE3MpaHM 3a HYKIUTE Ha ,,3€JIeHaTa’ MUKPOEJIEKTPOHUKA. Te3u
CJIOEBE Ca HAHECEHU upe3 eleKTpodopesa BbpXy allyMUHHEBU M MEIHU TOUI0KKU. V3cnensano e
BJIMAHHUCTO HA MOAJIOXKUTC BBPXY MOp(bOJIOFI/ISITa Ha CJIIOCBCTC U TAXHATAa IMUC3O0CIICKTpUYHA
peakuus. [lonydeHUTE CTPYKTYpH Ca MOJUKPUCTATHU, HO UMAT MUE30-MOAYJHU ChC CTOMHOCTH,
CbIIOCTaBUMHU C TC3HU HA HAKOW MOHOKPUCTAJIN U HCOPraHWYHHU KCPAMHKHU.

I'.7.11. Tomov, R., Aleksandrova, M., Exploring Gold Contacts on Novel Carbyne-enriched
Material, Proceedings of the International Spring Seminar on Electronics Technology, ISSE 2023,
Timisoara, Romania, 10 May 2023-14 May 2023, ISBN: 979-8-3503-3484-5

Gold contacts were deposited on a carbyne-enriched film, and the resistance between two
electrodes and the sheet resistance of the carbyne-enriched film were measured before and after
annealing at different temperatures, to explore the applicability of the gold as an electrode and the
possibility for lowering the contact resistance. Resistances were measured and their relative
changes were determined to qualitatively deduce the extent to which the annealing affects the
contact resistance between the gold and the carbyne-enriched material. Exploring contacts between
different metals and the carbyne-enriched film is of importance for the fabrication of future
carbyne-based devices, for example, organic sensors detecting a variety of molecules such as
harmful gasses.

3MaTHU KOHTAaKTH Ca HAaHECEHU BBHPXY KapOMHOBO 00OTaTE€H CIOH, a CHIIPOTHUBICHUETO MEXKIY
JIBaTa €JICKTPOJIa ¥ TUCTOBOTO CHIIPOTUBIICHNE HA KApOWHOBUS MaTepuai 0sxa U3MEPEHU MPeIu 1
clle]] OTrpsiBaHe MPU Pa3InYHU TEMIEPATypH, 3a J1a ce U3Cie/IBa IPUI0KUMOCTTA Ha 3J1aTOTO KaTo
€JIEKTPOJT ¥ BB3MOXKHOCTTA 3a HAMaJIsIBAaHE HA KOHTAKTHOTO ChIPOTHBJICHUE. CHIIPOTUBIICHUSTA
ca U3MEpPEHU U ca ONPEJECIIEHH OTHOCUTEIHUTE UM M3MEHEHHMs, 3a /1a Ce HalmpaBH KayeCTBEHO
3aKJTIOYEHHUE 32 CTETEeHTA, 10 KOSITO OTTPSBAHETO BIIMSAEC HA KOHTAKTHOTO CHIIPOTHUBIICHUE MEXKITY
37IaTOTO M KapOWHOBUS MaTepuan. M3clieJBaHETO HAa KOHTAKTUTE MEXIY pPa3IuYHH METalu |
KapOMHOBHSI CIIOM € OT 3Hau€HUE 3a MPOU3BOJCTBOTO Ha OBJCHIN yCTpOWicTBa Ha 0a3za KapOWH,
HaIrpuMep, OPraHUYHU CEH30pH, OTKPUBAIIM PA3IMUHUA MOJIEKYJIH, KAaTO BPEAHU T'a30BeE.

I'.7.12. Aleksandrova, M., Badarov, D., Recent Progress in the Topologies of the Surface

Acoustic Wave Sensors and the Corresponding Electronic Processing Circuits, Sensors, 2022,
22(13), 4917, ISSN: 1424-8220 (IF 3.9, Q1)
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In this paper, we present an overview of the latest achievements in surface acoustic wave (SAW)
sensors for gas or liquid fluid, with a focus on the electrodes’ topology and signal processing, as
related to the application of the sensing device. Although the progress in this field is mainly due to
advances in the materials science and the sensing coatings, the interdigital (IDT) electrodes’
organization is also an important tool for setting the acoustic-wave-distribution mode, and, thus,
for improvement of the SAW performance. The signal-conditioning system is of practical interest,
as the implementation of the SAW, as a compact and mobile system is dependent on this electronic
circuit. The precision of the detection of the SAW platform is related not only to the IDT electrodes’
geometry but also to their location around the sensing layer. The most commonly used architectures
are shown in the present paper. Finally, we identify the needs for the future improvement of these
prospective sensors.

[IpencraBen e mperiiea Ha MOCIEIHUTE MOCTHXKEHUS B CEH30pUTE Ha 0a3ara HAa MOBBPXHOCTHU
akycTuuHU BBIHU (SAW) 32 u3MepBaHe Ha KOHIICHTpAIUS HA Ta30BE WM TEYHOCTH, C aKIICHT Ha
TOTOJIOTUSATA HA EJNEeKTpoAuTe W oO0paboTKaTa Ha CHUTHajda, CBbp3aHa C MPHIOKEHHETO Ha
CEH30pHOTO YCTPOWCTBO. BhIpeku ue HampeabkbT B Ta3u 00JAcT € MPEAMMHO Pe3yiTar OT
Pa3BUTHETO Ha MATEPUAIIO3HAHUETO U CEH30PHUTE MOKPUTHS, OpraHu3aluaTa Ha rpedeHvaTuTe
€JIEKTPO/IM CBHIIO € Ba)XEH HMHCTPYMEHT 3a OIpeNesHE Ha peXxuma Ha paslpesesieHue Ha
SHeprusATa Ha aKyCTUYHHTE BBJIHU. CucTemara 3a oOpaboTKa Ha CHTHaja € OT MPAKTHYECKO
3HaueHue, ThI KaTo peanuzupaHeTro Ha SAW KaTo MOpPTaTMBHA CUCTEMA 3aBUCH OT Tas3H
€JIeKTPOHHA cxeMa. TouHocTTa Ha peructpupane Ha SAW mnardopmara € cBbp3aHa HE camo ¢
reOMETpUSITa Ha EJIEKTPOJUTE, HO U C TAXHOTO pa3MOJIOKEHHE OKOJIO CEH30pPHHUS CIIOMl.
[IpencraBenn ca Haii-4eCTO M3MOJ3BAHUTE apXHUTEKTypH. Hakpas ca neduHUpaHW HACOKUTE 3a
Obe1o MoJ00pEeHNe Ha TE3H MEPCIIEKTUBHU CEH30PH.

I'. 7.13. Rusev, R.P., Ruskova, LLN., Tzaneva, B.R., Aleksandrova, M.P., Tzonev, A.N., Piezo
Effect of Collagen Layer with Rochelle Salt Nanocrystals, 3/st International Scientific Conference
Electronics, Sozopol, 13 September-15 September 2022, ET 2022 - Proceedings, 2022, ISBN:
978-1-6654-9878-4

A piezo layer from Collagen was deposited by electrophoresis for bio-electronics needs. Natural
piezo materials are characterized with low piezo module. The value of the piezo module is
increased by electrophoretic deposition (EPD) of Rochelle Salt/Collagen. The resulting layer
consists of a Rochelle Salt nanocrystalline sublayer and inhomogeneously distributed Collagen
aggregates on it. This layer has a high piezo response comparable to inorganic piezo materials.

[Tue3oenekTpuveH CIIOM OT KojareH € HaHeceH 4dpe3 enekTpodopesa 3a HYKIUTE Ha
OwmoenekTpoHuKaTa. HaTypalHHTe NMHE30€IeKTPHYHU MaTepHalld Ce XapaKTEePH3UpPaT ¢ HUCHK
MTUE30€TICKTPUYCH MOJYJI, HO CTOMHOCTTAa Ha THE30CNIEKTPUYHHS MOJYJI Ce yBelndaBa upes3
enektpodopernyno HanacsiHe (EPD) na PomenoBa cosn/konares. [lomydeHUST Ciioi ce ChCTOH OT
HAHOKPHUCTAJICH MOICTION Ha coll Ha Pole M HepaBHOMEPHO pa3npeelieHH arperat OT KOJIareH
BBpPXY HETO. To3m cioll MMa BHUCOK MUE30CTICKTPUUCH OTKIHUK, CpaBHUM C HIKOU OT
HCOPTraHNYHUTE MUEC30CIICKTPUYHU MaTCPpHUAIIA.
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I'. 7.14. Aleksandrova, M., Kolev, G., Brigadin, A., Lukin, A., Mass-Sensitive Gas Detectors
Based on Bulk Micromachined Silicon Cantilevers Coated by Carbyne-Enriched Nanolaver,

Proceedings of the International Spring Seminar on Electronics Technology, ISSE 2022, Vienna,
Austria, 11 May 2022 - 15 May 2022, ISBN: 978-1-6654-6589-2

Cantilever elements were designed and fabricated by silicon microfabrication technologies to
create gas sensor architecture, employing a novel class of carbyne-enriched nanomaterial. It was
intended to explore the potential of the element as a sensitive sensor of volatile organic compounds
(VOCs), in particular of ethanol vapors. The fabrication technology was described in detail and the
mass sensitivity and response times were compared for cantilever structures with different beam
lengths. The carbyne-enriched nanolayer was deposited on the silicon cantilevers by ion-Assisted
pulse-plasma deposition. The results showed better sensitivity and broader linear dynamic range
for the longer beam cantilever of 240 um (0.71 mHz/ppm vs. 0.3 mHz/ppm), but shorter response
and recovery time, as well as smaller hysteresis for the shorter beam cantilever of 200 pm
(14.8/17.5 s vs. 16/27.9 s). This is the first demonstration of the novel coating implemented in a
practically useful ethanol sensing structure with electromagnetically driven, mass-sensitive
principle of operation and possible application in the food industry, medicine, pharmacology, or
microelectronic industry.

[IpoekTupanu u u3pabOTEHU ca KAHTUJIEBEPHU €JIEMEHTH C IOMOLITa HAa TEXHOJOTUU 3a
MHUKpO0OpadOTKa Ha CHIIMIIMH, C IIeJl Ch3/laBaHEe Ha apXWTEKTypa Ha Ta30B CEH30p, U3IOJI3BaIIA
HOB KJIac Ha KapOMHOBO oOoraTeH HaHoMmaTepuai. Llenrta e ga ce m3cinenBa MOTEHUMATBT Ha
€JIEMEHTa KaTo YyBCTBUTEJIEH CEH30p 3a JIEeTIMBH opraHnyHu cbeaunenus (VOC), B 4acTHOCT 3a
napu OT eTaHos. TexHoJorusiTa 3a IPOU3BOJACTBO €€ ONMCaHa MOAPOOHO, a MacoBaTa
qyBCTBUTEIHOCT M BPEMETO 3a OTIOBOP Ca CPABHEHM 3a KAaHTHJIEBEPHHU CTPYKTYPH C pa3IHuHU
IBJDKUHU Ha MUKporpeante. KapouHoBo o0oraTeH HaHOCOM Oellle HaHeCeH BbpPXY CUIMIIMEBUTE
KAHTUJIEBEPH YPE3 MOHHO-IIOANIOMAraHo MMIIYJICHO IUIa3MEHO HaHacsiHe. PesynraTure nokassaT
0-7100pa YyBCTBUTEITHOCT U MO-IIMPOK JIMHEEH YYaCThK B JIMHAMUYHMS IMANa30H 3a MO-ABJITUS
kanTwieBep ¢ abikuHa 240 pm (0.71 mHz/ppm cpemty 0.3 mHz/ppm), HO mo-kpaTko Bpeme 3a
OTrOBOP U BB3CTAaHOBSBAHE, KAKTO U MO-MAIbK XMCTEPE3UC 3a MO-KbCHSI KAHTUJIEBED C IBJDKUHA
200 um (14.8/17.5 s cpemy 16/27.9 s). ToBa € mbPBOTO JEMOHCTPHUpPAHE HA HOBOTO TMOKPHUTHE,
peaIn3upaHo B NPAKTHUYECKU IOJIE3HA CTPYKTYypa 3a OTKPUBAHE HA €TAHOJ C €JIEKTPOMAarHUTHO
3aJIBU’KBaH MacOYyBCTBUTEJIEH MPUHILIUII HA padoTa U Bb3MOXKHO NMPUIOKEHHE B XpaHUTEITHATA
UHIYCTpHsI, MEIUIIMHATA, (hapMalleBTUKAaTa UM MUKPOEIEKTPOHHATA UHYCTPHSI.

I'.7.15. Mariyva Aleksandrova, Chaitali Jagtap, Vishal Kadam, Sandesh Jadkar, Georgi Kolev,
Krasimir Denishev and Habib Pathan, An Overview of Microelectronic Infrared Pyroelectric
Detectors, Engineered Science, 2021, 16, pp. 82—89, ISSN: 25769898 (SJR 2.4, Q1)

Pyroelectric materials can operate with a high thermodynamic efficiency, compared to
thermoelectric, it do not require bulky heat sinks to maintain the temperature gradient. Many
materials that can be used for the production of infrared pyroelectric detectors exist. The choice of
one is a difficult task because of the many parameters involved in the calculation of the desired
characteristics of the device that has to be designed, such as detector size, operating temperature,
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frequency of operation, and etc. A material of lower performance than triglycine sulphate (TGS),
but possessing high chemical stability, low loss, good figure of merit, high Curie temperature and
good insolubility in water is the lithium tantalite. In this review, the pyroelectric properties of the
various materials are discussed how they can improve the properties of detector in potential
applications.

[MupoenexkTpuyHUTE MaTepuaId MOTatr Ja paboTAT ¢ BUCOKA TepMOJAMHAMUYHA epeKTUBHOCT. B
CpaBHEHHE C TEPMOEJEKTPUUHUTE, T€ HE W3MCKBAT OOEMMCTU paguaToOpH, 3a Ja MOAABPKAT
TeMreparypHus rpaguent. ChlnecTByBaT MHOTO MaTepHali, KOUTO MOTraT Jia ce M3I0JI3BaT 3a
MIPOM3BOJICTBOTO HA MH(ppauepBEHN TUPOCICKTPUYHH ACTEKTOpH. MI300pbT Ha TaKbB MaTepual €
TpyJIHA 3ajlaya MOpajd MHOXECTBOTO MapaMeTpH, KOUTO TpsOBa /a ce B3eMaT HpPEIBU[ IpH
M3UYUCIISIBAHETO HA JKEeJIAHUTE XapaKTEPUCTUKU HA MPOEKTHPAHUTE YCTPOMCTBA, KaTO pa3Mep Ha
neTekTopa, paboTHa Temieparypa, paOoTHa uYecToTa M T.H. Matepuan c¢ mo-HHCKa
npousBoauTeNHOCT OT TpurmuuH cyindar (TGS), HO mnpuTexaBaml BHCOKAa XHUMHUYECKa
cTaOUITHOCT, HUCKU 3ary0u, BUCOKa TeMreparypa Ha Kiopu u 106pa HEpa3TBOPUMOCT BBB BOJA, €
JTUTHEB TaHTajnaT. B Ta3u craTtus ce mpaBuU Mperjiell Ha HUPOCIEKTPUYHUTE CBOMCTBA Ha
pa3IMYHUTE MaTepUaId U KaK T€ MOrar Ja HoJoOpSAT XapaKTepUCTUKUTE HAa HH(pavyepBEeHU
JETEKTOPH B TIOTCHIIMAIHU MTPUIIOKEHUS.

I.7.16. Tsanev, T., Aleksandrova, M., Ivanova, T., Dobrikov, G., Investigation of Lead-free
Potassium Niobate Thin Films on Silicon for Piezoelectric Transducers, Proceedings of the 10th
National Conference with International Participation, ELECTRONICA 2019, Sofia, 16 May -
17 May 2019, 8825592, ISBN: 978-1-7281-3622-6.

KNbO3 thin films are explored with possible application as piezoelectric transducers. The films are
grown by vacuum radiofrequency sputtering and their thickness, uniformity, composition and
piezoelectric response are studied as a function of the sputtering voltage, sputtering pressure and
plasma power. Single layer sensing structure with aluminum electrodes is fabricated. The relation
between the deposition conditions and the structure capacity and piezoelectric voltage is
established. The peak value of the generated voltage is 2.89 V and its effective value is ~483 mV.

W3cnensar ce ThHKU cinoeBe oT KNbO3 ¢ BB3MOXKHO MPHIIOKEHHE KaToO IMHE30€IEKTPUYHH
npeoOpasyBarenu. CioeBeTe ca HaHECEHU upe3 BakyyMHO BU pasnpariBane, a TsaxHaTa n1e0ennHa,
PaBHOMEpPHOCT, CbCTaB M IHE30€JEKTPUYEH OTrOBOp C€a U3CIEABAaHM B 3aBUCHMOCT OT
HaIpeKEHUETO Ha paslpallBaHe, HAIATAaHETO Ha paslpaliBallys ra3 ¥ MOLIHOCTTA Ha IJla3Mara.
N3paboreHa e CTpyKTypa C e1H CI0H MUE30€IEKTPUK U C AITyMUHUEBH €JIEKTPOJU. Y CTAHOBEHA €
3aBUCHUMOCTTA MCXKY YCJIOBHUATA HA HAHACAHEC, KAllalMUTETAa HA CTPYKTYpaTa U MUE30CICKTPUIHOTO
HanpexeHue. [IukoBara CTOMHOCT Ha TeHEpUpaHOTO HampexeHue € 2.89 V, a edexruBHara
CTOHHOCT € mpuOnu3uTeNnHo 483 mV.

I'.7.17. Shahi, K., Singh, R.S., Singh, N.P., Aleksandrova, M., Singh, A.K., Synthesis and
characterization of PEDOT:PSS/ZnO nanowires heterojunction on ITO coated plastic substrate for
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light-emitting diodes, Materials Today: Proceedings, 2019, 15 (3), pp. 394-399, ISSN: 2214-7853
(SJR 0,304)

In this paper we report on heterojunction between the hole transporting polymerpoly (3, 4-
ethylenedioxythiophene) polystyrene sulfonate (PEDOT: PSS) and zinc oxide (ZnO) nanowires
grown on an indium tin oxide (ITO) coated polyethylene terephthalate (PET) plastic substrate. For
the fabrication of heterojunction simple and low cost solution methods are used. The deposited
films and heterojunction are characterized by scanning electron microscope (SEM), X-ray
diffraction (XRD), photoluminescence (PL) and electroluminescence (EL) measurements.
Electroluminescent and photoluminescent spectra of the hybrid heterojunction show one ultraviolet
(UV) near-band-edge emission peak. The current-voltage characteristic confirms the junction
formation between the polymer and ZnO nanowires and shows good rectifying p-n junction diode
type behaviour of the fabricated structure. The charge transfer process in heterojunctionis explained
by band energy diagram.

B Tasm cratus ce mpeACTaBAT JAaHHM 3a XETEPONPEXOJ] MEXAy MOJMMEp 3a IMPEHOC Ha
MOJIOKUTEITHU 3apsiii (Iynku) - moiu (3, 4-eTWICHIUUOKCU-THO(EH) TOJUCTHPOJICYI(PoHAT
(PEDOT:PSS), n unnkoBo-okcuHu (ZnO) HaHO)KUYKUU, U3PACHAIHN BHPXY I'bBKaBa I1OJIOKKA OT
nonuerwieH tepedranar (PET), mokpura ¢ nuaaueBo-kanaen oxcun (ITO). 3a mpou3BoacTBOTO Ha
XETEPONPEXo/1 ca U3IOI3BAHN IPOCTH M €BTUHH TEXHOJIOTUYHH MPOLIECH 32 HAHACSHE OT Pa3TBOP.
Hanecenute cioeBe W XETEpONPEXOIUTE MEXKIY TAX Ca XapaKTEpU3WpaHH C IOMOMITa Ha
cKaHupaill enekTpoHeH Mukpockon (SEM), pentrenosa nudpakuus (XRD), poTonymuHecieHTHH
(PL) u enexrponymunecuenTHu (EL) mamepBanus. CrnekTpuTe Ha €IEKTPOIYMUHECHEHIUS U
dboTodyMUHECHEHIINS Ha XHOpUAHATA XETEpPOCHUCTeMa IOKa3BaT €IUH EMHUCHOHEH IHK B
ynrpaBuonetoBus (UV) paumamason Onu30 [0 TpaHHUIaTa Ha [uana3oHa. BonT-ammepHaTa
XapaKTepUCTHKa MOTBBbpPXk/AaBa 00pa3yBaHETO Ha ChEeIMHEHHE Mexay mnoaumepa u ZnO
HAaHOXXHMUYKUTE U IMOKa3Ba JoOpo mojo0ue Ha p-n Ipexoa Ha AMOJA B U3paboTeHaTa CTPYKTypa.
[IporiechT Ha mpeHOC Ha 3apsj B XeTeponpexoa € 00sICHEH C MOMOIITa Ha 30HHATa Juarpama.

I'.7.18. Shahi, K., Singh, R.S., Singh, A.K., Aleksandrova, M., Khenata, R., CdTe quantum-dot-
modified ZnO nanowire heterostructure, Applied Physics A: Materials Science and Processing,
2018, 124(3), 277, ISSN: 09478396 (IF 1.88, Q2)

The effect of CdTe quantum-dot (QD) decoration on the photoluminescence (PL) behaviour of
ZnO nanowire (NW) array is presented in the present work. Highly crystalline and vertically 40—
50 nm diameter range and 1 pm in length aligned ZnO NWs are synthesized using low-cost
method. The crystallinity and morphology of the NWs are studied by scanning electron microscopy
and X-ray powder diffraction methods. Optical properties of the nanowires are studied using photo-
response and PL spectroscopy. CdTe QDs are successfully synthesized on ZnO nanowire surface
by dip-coating method. ZnO NWs are sensitized with CdTe QDs characterized by transmission
electron microscopy, energy-dispersive X-ray spectroscopy, and PL spectroscopy. The highly
quenched PL intensity indicates the charge transfer at interface between CdTe QDs and ZnO NWs
and is due to the formation of type-II heterostructure between QDs and NWs. Photo-response
behaviour of heterostructure of the film is also been incorporated in the present work.
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B nacrosimara padota e npencraBeH eheKThT OT JAeKopanusaTa ¢ kBaHToBu Touku (QD) Ha CdTe
BBpXy (QoromymuHecuenTtHoTo (PL) moBenenue nHa macuB ot Hanoxuukuu (NW) ot ZnO.
CuHTe3upaHM ca CHUJIHO KPUCTAJIHU U BEPTUKAIHO HoApeneHu ZnO HaHOXKHUYKU C JUAMETHD B
muanazona 40-50 nm w gbppkuHa | um, UW3NO0N3BAMKKM €BTHH TEXHOJIOTHYEH MPOIEC.
Kpucranaocrra u mopdonorusita Ha NWs ca u3cineBanu ¢ MOMOIITA HA CKAHUPAL] €JIEKTPOHEH
MHUKPOCKON ¥ peHTreHoBa Audpakius. ONTUYHUTE CBOMCTBA Ha HAHOXKUUYKUTE Ca HU3CIIEIBAHU
ype3 ¢oro-otkimk U PL cnexrpockomnusa. KBanroBure Toukn CdTe ycmemHo ca CHUHTE3UpaHU
BbpPXy IOBBPXHOCTTa Ha HaHOXUYKUTE OT ZnO upe3 xumuueH meroa. ZnO NWs ca
cerncubmmuzupanu ¢ QDs ot CdTe u HaOmroiaBaHu Upe3 TPaHCMUCHOHEH €JIEKTPOHEH MUKPOCKOII,
€HEPruiiHOAUCIIEPCUOHHA PEHTIeHOBa ceKkTpockonus U PL cnexkrpockonus. CUIIHO MOHMXKEHATA
PL uHTEH3MBHOCT IMOKa3Ba MPEHOC Ha 3apsn Ha mHTepdeiica mexay QDs u ZnO NWs u e
CIIEZICTBHE OT 00pa3yBaHETO Ha XeTepocTpyKTypa Tul Il Mexay Tax.

I.7.19. Kolev, G., Aleksandrova, M., Dobrikov, G., H. Pathan, Fartunkov, M., Denishev, K.,
Piezoelectric energy harvesting device with nanobranched ZnO on Polymer/Metal/Polymer coated
flexible substrate, Proceedings of the [/5th International Conference on Electrical Machines,
Drives and Power Systems, ELMA 2017, 2017, pp. 320-324, 7955456, ISBN: 978-1-5090-6691-
9

This work reports about the fabrication of piezoelectric energy harvesting with ZnO nanostructure
grown on polymeric based electrode. The piezoelectric film exhibits nanobranched morphology,
which provide favorable conditions for dipoles orientation and thus the device is characterized with
relatively low dielectric losses in the range of 0.4-3.9%10-2 and piezoelectric voltage of 3.8V at 4.8
kg mechanical loading. The minimum weight at which piezoelectric reaction arises is 3 gr,
corresponding to generated piezoelectric voltage of 200mV.

JloknanBa ce 3a MPOU3BOJCTBOTO HA EHEPrUsl MHE30€JICKTPUYHA HAHOCTPYyKTypa OT ZnO,
dbopMmupaHa BBPXYy OCHOBA OT TIOJMMEpPEH eNeKTpoA. [IMe30eNeKTpUYHHAT CJIOW TOoKa3Ba
HaHOpA3KJIOHEHa MOpPQOIOTHs, KOSTO OCUTYpsiBa OJArompuATHU YCIOBHUS 3a OpUEHTAIMs Ha
JTUTIONUTE U TaKa YCTPOMCTBOTO CE€ XapaKTepU3Upa ¢ OTHOCUTEIHO HUCKU AUETIEKTPUYHU 3aryOH B
nuanazoHa ot 0,4-3,9x102 wu MME30€NIEKTPUYHO HampexeHue oT 3,8 V mnpu MexXaHW4yHO
HaToBapBaHe oT 4,8 kg. MUHMMAaTHOTO HaTOBapBaHE, MPU KOETO BBH3HUKBA MHUE30€IEKTPUYHATA
peakius, € 3 g, KOeTO ChOTBETCTBA HA T€HEPUPAHO NMHE30€JIEKTPUUHO Hanpexxenue oT 200 mV.

I'.7.20. Stoynova, A., Aleksandrova, M., Dobrikov, G., Bonev, B., Influence of the heat generated
in flexible OLEDs on their electrical behavior, Proceedings of the International Spring Seminar
on Electronics Technology, ISSE 2016, Pilsen, 18 May - 22 May 2016, pp. 12—-16, 7562872, ISBN:
978-1-5090-1389-0 (SJR 0,176, Q4)

In this work, variation of the main electrical parameters of flexible organic light-emitting diodes
(FOLED:s) is studied as a function of the thermal conditions. Tested structures are consisted of
polyethylene terephthalate (PET) as a flexible substrate, indium-tin oxide transparent conductive
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anodes, polyphenylene vinylene derivative based emissive films and aluminum cathodes. Thermal
degradation analysis of the FOLEDs characteristics is performed by IR thermography in broad
range of voltages and driving current densities at different temperatures. The study of thermal
distribution with the time provides important information for the thermal events in the operating
FOLED, as well as for the local temperature change, due to the presence of hidden defects. CFD
thermal simulations of two types of test FOLED samples were conducted. Experimental
measurements of the distribution of surface temperature of the samples were carried out with an
infrared camera. The obtained difference between the simulated and measured values is not greater
than 5 °C at the beginning of degradation processes.

B ta3u crartus ce u3cneaBa U3MEHEHUETO Ha OCHOBHUTE €JIEKTPUYECKU MapaMeTpH Ha I'bBKAaBU
oprannyau cBeroguoau (FOLEDs) B 3aBHCHMMOCT OT TOIUIMHHHUTE YCJIOBHUS. TeCTBaHHTE
CTPYKTypHU ce checToAT oT noiuerusieH Tepedranar (PET) kato reBkaBa mojioxkKa, IpoO3payHu
MPOBOAMMH aHOAU OT MHAMEBO-KaJaeH OKCHUJI, W3IIbUBATEIIHU Cll0OeBe Ha 0a3a MPOU3BOJHU Ha
nonudeHusIeH BUHWIEH M aJyMHUHUEBHM KaToAu. AHanM3 HAa TEpMHYHATa JAerpajganus Ha
xapakrepuctukute Ha FOLEDs e nmpoBezieH ¢ moMorira Ha nH(padepBeHa TepMorpadus B IIMPOK
JUana3oH OT HAIpeKEHUS U IUTBbTHOCTH HA YIPABIABALLUS TOK MPH Pa3IMYHU TEMIIEpaTypH.
W3cnenBaHeTo Ha TOIUIMHHOTO Pa3Npe/ieiieHue C BPEMETO MPEAOCTaBs BaXKHAa MHPOpMALUsS 3a
mpoueca Ha TonooTBexjaaHe B paboremns FOLED, kakro M 3a JIOKQIHWUTE TEMIIEpaTypHU
M3MEHEHHS, TIOPAIi HAINYHETO Ha CKpUTH AedekTu. [IpoBeeHn ca TOIUIMHHY CUMYJIAlliK Ha JBa
tuna TectoBu FOLED mnpo6u. ExcnepuMmeHTamHUTE H3MEpPBAHHS Ha pas3lpeiecsiCeHHEeTO Ha
MOBBPXHOCTHATA TEMIIEpaTypa Ha MPoOHTE ca U3BBPIICHU ¢ HH(ppauepBeHa kamepa. [lomyueHara
pasiuKa MEXIy CUMYJIMpPAaHUTE U U3MEPEHUTE CTOMHOCTM He HajaBumaBa 5 °C B Ha4aJloTO HA
IIPOLIECUTE HA TOIUIMHHA JIerpajariysl.

I'.7.21. Deo, S.R., Singh, A.K., Deshmukh, L., Singh, N.P., Aleksandrova, M.P., Studies on
Structural, Morphological and Optical Properties of Chemically Deposited CdS1xSex Thin Films,
Journal of Fluorescence, 2016, 26(2), pp. 459—469, ISSN: 10530509 (IF 1.48, Q3)

The thin films of CdSi.xSex were successfully deposited over glass substrates by chemical bath
deposition technique. Cadmium acetate, thiourea and sodium selenosulfate were used as source
materials for Cd**, S and Se? ions, while 2-mercaptoethanol was used as capping agent. The
various deposition conditions such as precursor concentration, deposition temperature, pH and
deposition time were optimized for the deposition of CdSixSex thin films of good quality and the
films were annealed at 200° and 300 °C. The structural, morphological, chemical and optical
properties were examined by various characterization techniques and discussed in detail. The
optical band gap of CdSixSex thin film samples were estimated and found in the range from 2.11
to 1.79 eV for as-deposited and annealed thin films.

Teukute punmu Ha CdSixSex ca HaHECEHH YCIIEIHO BhPXY CTHKJICHH TOAJI0KKH C TOMOIITA Ha
xuMuuecka Oans. Kagmuer arnerat W HaTpueB celieHOCYNI(AT ca M3MOM3BaHH KaTO M3XOIHU
matepuany 3a noaute Cd**, S u Se?”. PasznmuuHNTe YCIOBHUS HA HAHACSHE, KATO KOHIIEHTPAIHS HA
npeKypcopa, TemiepaTypa Ha HaHacsiHe, pH ¥ BpemMe Ha HaHacsiHE, ca ONTUMH3HMPAHU 32
nojiy4aBaHe Ha ThbHKHU ciioeBe oT CdSixSex ¢ 100po kauecTBo, a cinoesere ca oTrpsiHu npu 200° u
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300 °C. CrpyktypHHUTE, MOPHOJIOTUIHUTE, XAMUICCKUTE U ONITUYHUTE CBOMCTBA Ca U3CIIEABAHU C
MOMOIITa HAa Pa3MYHU TEXHUKHU 3a xapaktepusupane. OnTudHata 3a0paHeHa 30Ha HA OMUTHHUTE
obOpa3iu O6e m3MmepeHa B nuamnazoHa ot 2,11 mo 1,79 eV, choTBeTHO 3a HEOOpPaOOTEHUTE H
OTTPSITUTE THHKU CIIOCBE.

I'.7.22. Deo, S.R., Singh, A.K., Deshmukh, L., Aleksandrova, M., CdZnSSe Thin Film for
Photovoltaic Device, Materials Today: Proceedings, 2017, 4(4), pp. 5537-5543, ISSN: 22147853

II-VI group quaternary semiconductor alloy thin films of cadmium zinc sulfoselenide (CdZnSSe)
were prepared by chemical bath deposition technique on glass substrates. The deposition was
carried out with various optimized deposition parameters such as concentration of precursor ions,
deposition temperature, time, pH, etc. In order to obtain homogeneous thin films, triethanolamine
(TEA) was wused as complexing agent. A common cationic surfactant, cetyl-
trimethylammoniumbromide (CTAB) was used as a capping agent. The as-deposited thin films
were annealed at different temperatures (i.e. 100°, 300°and 500°C) and their structural and optical
properties have been investigated by XRD, SEM, EDS and UV- visible optical absorption studies.
The optical band gap energy was found to decrease from 2.21 to 2.01 eV, with increase in annealing
temperature exhibiting a red shift.

ThHKH Cll0€BE OT NOJIyIPOBOJHHUKOBM TBbpAM paszrBopu orT II-VI rpyma, xagmMueB IMHKOB
cyndocenenua (CdZnSSe), 6s1xa moaydeHH 4pe3 TEXHUKA 32 XUMUYHO TMOTAMsHE Ha CTHKJICHU
noanoxxku. HaHacsHeTo Oemie M3BBPLIEHO € pa3iMYyHA ONTHUMM3UPAHU MapaMmeTpH, KaTo
KOHIIEHTpaLKs Ha IPEKYPCOPHU MOHHU, TEMIIEpaTypa Ha HaHACsiHe, BpeMme, pH u ap. 3a monyyaBane
Ha XOMOTE€HHH THHKH cJoeBe € m3rnon3BaH TpuetaHoigamuH (TEA) xaTto komriekcooOpa3yBarig
areHT. [lomydyeHuTe THHKU CJO€BE ca OTIpsBaHM Npu pasnuyHu Temnepatypu (100°, 300° u
500°C), a TeXHUTE CTPYKTYPHHU U ONITHYHU CBOMCTBA Ca U3CIIEBAHU UPE3 PEHTTEeHOBA AU PAKIIUs
(XRD), ckanmpamny enekTpoHeH Mukpockon (SEM), enemMeHTeH aHain3 C pPEHTTEHOBA
cnekrpockonusa (EDS) u ontumuna abcopOumst B UV-Buaum nuama3zoH. YCTaHOBEHO €, 4e
IIMpUHAaTa Ha ONTHWYHAaTa 3a0paHeHa 30Ha HamaisBa oT 2,21 mo 2,01 eV c yBenuuaBaHe Ha
TeMIlepaTypara Ha OTTpsIBaHE, TOKa3BallKi U3MECTBAHE Ha CIIEKThpa Ha MOIJIbIIAHE B IOCOKA IbM
IBJITOBBIHOBATA My 4acT.

I'.7.23. Pandiev, 1., Antchev, H., Aleksandrova, M., A Low-Power Piezoelectric Energy
Harvesting Circuit for Wearable Battery-Free Power Supply, International Conference on Mixed
Design of Integrated Circuits and System, MIXDES 2024, 2024, pp. 225-230, Gdansk, Poland, 27
June-28 June 2024, ISBN: 978-83-63578-26-8

This paper presents the structure and principle of operation of a prototype low-power energy-
harvesting circuit (with efficiency higher than 50 %) intended for AC-to-DC conversion, where the
input signal is obtained from micro-power piezoelectric elements. The proposed electronic circuit
prototype is intended to work as a wearable autonomous system that provides electrical energy
obtained through mechanical vibrations in piezoelectric ceramic disks. The obtained electrical
energy through a switching circuit is used to charge low-power supercapacitors. The electronic
circuit consists of a bridge rectifier, a low-pass filter, a step-down (buck) synchronous converter, a
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power-controlling system, and a window detector to produce a power-good signal. The designed
electronic circuit of the control system allows for tuning the level of the output voltage to around
1.8 V, and the output discharge current reaches values higher than 0.5 mA. To verify the
effectiveness of the proposed scheme, simulation, and experimental testing of the proposed
prototype was carried out, as the obtained results confirmed the preliminary theoretical analyses
and the derived analytical expressions for the basic electrical parameters.

Ta3u crartus mpeAcTaBsi CTPYKTypaTa v MPUHIMIA Ha paboTa Ha MPOTOTUI HA MAJIOMOII[HA CXeMa
3a 106uB Ha eHeprus (¢ epextuBHOCT HajA 50 %), mpeaHa3HauYeHa 3a IpeoOpa3yBaHe OT MPOMEHIIUB
TOK B TIOCTOSIHEH, KBJIETO BXOJHUST CHTHAI C€ TMOJy4YaBa OT MUKPOMOIIHH MMHE30CICKTPUIHI
eneMeHTH. [IpeasiokeHuaT IpOTOTHUII € IpeAHa3HaueH 1a GYHKIMOHUPA KaTO HOCUMO aBTOHOMHO
YCTPOMCTBO, KOETO MPEIOCTABS EICKTPUUECKA CHEPIHsl, MOJydYeHa Ype3 MEXaHUYHU BUOPAIUU B
MME30EeJIEKTPUYHN KepaMU4HH AuckoBe. [lonydyeHara enekTpuuecka €HEprus ce H3MOJ3Ba 3a
3apekaHe Ha MAJOMOIIHHU CYNEPKOHACH3aTOPH Ype3 MPEeBKIOYBAIIAa cxema. EjlekTpoHHaTa
cXeMa ce ChCTOM OT MOCTOB H3IPaBUTEN, HUCKOYECTOTEH (PIITHP, CHUHXPOHEH MMOHUKABAIIl
mpeoOpaszyBares, CUCTeMa 3a KOHTPOJ Ha MOIHOCTTA M JIETEKTOP 3a TeHEepHpaHe Ha KOHTPOJICH
CUTHaJ 3a crabuiHa MOIIHOCT. IIpoekTupaHara eleKTpOHHA CXeMa Ha KOHTpOJHATa cHcTeMa
MO3BOJIsSIBA HACTPOBaHE HA HUBOTO HA M3XOAHOTO HANpPEKEeHUE 10 0KoJo 1,8 V, a u3XOAHUAT TOK
Ha paspexnaaHe aoctura croiHoctd Haa 0,5 mA. 3a ma ce mOTBBpAU €PEKTUBHOCTTA HaA
MpeyIoKeHaTa cxeMa, ca MPOBEJICHU CUMYJIAIUU U SKCIIEPHUMEHTATHO TECTBAaHE HA MPOTOTHIIA,
KaTo MOJIyYeHUTE PEe3yNITaTH MOTBBbPAUXA MPEIBAPUTECITHUTE TEOPETHUUHU aHATU3U U U3BEJICHUTE
AQHATUTUYHH U3PA3H 32 OCHOBHHUTE SJICKTPUICCKU ITapaMETPH.

I'.7.24. Pandiev, I.M., Aleksandrova, M.P., Dynamic FPAA-based mixed-signal processing
circuit for thin-film CdTe/Lead-free perovskite photodetectors, Elektronika ir Elektrotechnika,
2021, 27(2), pp. 22-30, ISSN: 1392-1215 (IF 1.059, Q3)

New photodetector structure combining thinned CdTe film with lead-free perovskite photoelectric
film was produced and investigated. This setting of the CdTe thickness results in photodetector
parameters’ competitiveness to the state-of-the-art in the field of advanced photoelectric materials.
The device shows a promising sensitivity of ~40 pA/W, maximum responsivity of 10.6 mA/W at
460 nm, equal rise and fall times of 30 ms, and high linearity (maximum linearization error is less
than 0.6 %). However, the optoelectronic performance of CdTe/lead-free perovskite structures
integrated with signal processing circuit remains unexplored. For this purpose, Field Programmable
Analogue Array (FPAA)-based mixed-signal processing circuit is developed for pulse width
modulated electrical signal with duty cycle controlled by the illumination degree of the detecting
photoelement. This novel approach guarantees a smooth change of the electrical output at a smooth
change of the input illumination between the light and dark switching states and can be practically
applied as a precise position detector of moving objects. The paper represents a synergistic
connection between microelectronics, electronics, and signal technology.

[IpousBesneHa e u e u3cienBaHa HOBA CTPYKTypa Ha (OTOJAETEKTOp, KOMOMHHUpAIla ThHBK CJION
CdTe c oTtoenexkTpuueH cinoii Ha 6a3a 6€3010BeH NMEePOBCKUT. Ta3u HACTpoiika Ha 1ebeHaTa Ha
CdTe Boau 40 KOHKYPEHTOCHOCOOHOCT Ha MapameTpuTe Ha (OTOAETEKTOpa CIpsSMO Haii-
CBbBPEMEHHUTE PelIeHHs B 00JIacTTa Ha (POTOENEKTPUYHUTE MaTepUaIn. Y CTPOMCTBOTO MOKa3Ba
obemaBaia 9yBCTBUTEITHOCT OT okoyio 40 pA/W, makcumaiiHa gyyBcTBUTENTHOCT 0T 10,6 mA/W
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pu 460 nm, paBHU BpeMeHa Ha HapacTBaHE U cnajaHe Ha ppoHTa Ha curHaia ot 30 ms, U BUCOKA
JUHEHHOCT (MaKCUMalHaTa rpellika Ha JMHeHHocTTa € mo-Mainka ot 0,6 %). Bbopeku ToBa,
OITOCJIEKTPOHHUTE XapaKTepUCTUKU Ha cTpykTypute CdTe/6e3010BeH NEPOBCKUT, MHTETPUPAHU
cbC cxema oOpaloTBala cUrHajiHA, ocTaBaT Hemsciensanu. C Tasu 1eln, € pa3paboTeHa cxema
oOpaboTBala CMECEHH CUTHAJIM Ha 0a3za Ha mporpamupyemu aHayioropu matpunu (FPAA) 3a
CUTHAJ C IIMPOYMHHO-UMITYJICHA MOMAYJIAlHs, ¢ KOCPUIIMEHT Ha 3ambJiBaHe, KOHTPOJIHUPAH OT
CTENeHTa Ha OCBETEHOCT Ha (hoToereMeHTa. T0o3W HOB MOAXOJ TapaHTHpa IJIaBHA MPOMSHA Ha
EJIEKTPUUECKUS U3XO0/I ITPH [JIaBHA MPOMSIHA Ha BXO{HATa OCBETEHOCT MEXK/y HAII'BJIHO OCBETEHOTO
U TBMHOTO CBHCTOSIHME, U MOXeE Ja ObJie MPaKTUYECKH MPHUIIOKEH KaTO MPEIU3eH JIETEKTOp Ha
Mo3uIUsATa Ha JBIWXKEImM ce oO0ekTn. CTartuara MpencTaBs CHHEPrUYHA BPB3KA MEKIY
MHUKPOEJIEKTPOHUKATA, €JIEKTPOHUKA U 00paboTKa Ha CUTHAJIH.

I'.7.25. Aleksandrova, M.P., Specifics and challenges to flexible organic light-emitting devices,
Advances in Materials Science and Engineering, 2016, vol. 2016, paper id: 081697, ISSN: 1687-
8434 (SJR 0,3; Q2)

Several recent developments in material science and deposition methods for flexible organic light-
emitting devices (OLEDs) are surveyed. The commonly used plastic substrates are compared,
according to their mechanical, optical, thermal, and chemical properties. Multilayer electrode
structures, used as transparent electrodes, replacing conventional indium tin oxide (ITO) are
presented and data about their conductivity, transparency, and bending ability are provided.
Attention is paid to some of the most popular industrial processes for flexible OLEDs
manufacturing, such as roll-to-roll printing, inkjet printing, and screen printing. Main specifics and
challenges, related to the foils reliability, mechanical stability of the transparent electrodes, and
deposition and patterning of organic emissive films, are discussed.

Hanpasen e mpersienq Ha mOCIeIHUTE pa3pabOTKH B MaTe€pUajIO3HAHUETO W METOAMTE 3a
MoJly4aBaHe Ha I'bBKaBU opraHuuHu ceroguoau (OLEDs). O6uuaiiHO M3MOJI3BaHUTE I'bBKaBU
MTO/IJIO’KKH Ca CPAaBHEHU 110 OTHOILIEHUE HA TEXHUTE MEXaHUYHH, ONTUYHU, TEPMUYHU U XUMHUUECKU
cBoiicTBa. [lpencraBeHn ca MHOTOCIOWHHU €JIEKTPOJIHU CTPYKTYPH, U3MOJI3BAaHU KaTO MPO3pauHu
€JIEKTPO/IU, KOUTO 3aMEHST KOHBEHLMOHAHUS UHIKeBO-KanaeH okcua (ITO), kakTo U JaHHM 3a
TSXHATa MPOBOJIUMOCT, IIPO3PAYHOCT U CIIOCOOHOCT 3a orbBaHe. OOBbpHATO € BHUMAHHUE HAa HAKOU
OT Hall-MoNyJspHUTE UHAYCTPUATIHH MIPOLIECH 3a PoU3BoACTBO Ha riaaku OLEDs, kaTo poiakoBo
WTETJISTHE, MAaCTUJICHOCTPYEeH medaT u curomnedyar. OOChIEHH ca OCHOBHHUTE Crenu(uKanuu u
MpEeN3BUKATENICTBA, CBBP3aHU C HAAECKIHOCTTA Ha (OJIUOTO, MEXaHMYHATa CTAaOWUIIHOCT Ha
MIPO3PAaYHUTE €IEKTPOAN U HaHACSHETO U (POTOIUTOrpacKOTO CTPYKTYpHUpaHE HAa OPraHUYHU
CBETOM3JIBYBAILN CIIOEBE.

I'.7.26. Rusev, R.P., Angelov, G.V., Tzaneva, B.R., Aleksandrova, M.P., Improving Piezo Effect
of Egg Shell Composition by Rochelle Salt Nanocrystals, 57¢h International Scientific Conference
on Information, Communication and Energy Systems and Technologies, ICEST 2022, Ohrid, 16
June-18 June 2022, ISBN: 978-1-6654-8500-5
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Piezoelectricity of deposited layers of eggshell composition are investigated for green energy and
electronics applications. The layers are deposited by Electrophoresis onto aluminum plates at 60 V
for 2 minutes. They exhibit stronger piezo modulus compared to layers obtained by different
techniques. An additive of biocompatible Rochelle Salt is used for further improvement of the
piezo modulus of the egg shell composition. The Rochelle Salt ingredient crystalizes in
nanocrystals in the egg shell composition. This increases multiple folds the piezo modulus of the
layer and it becomes comparable to the moduli of inorganic monocrystals.

N3cnenBana e nue3oenaeKTpUuHaTa CIOCOOHOCT Ha CIOEBE OT BEILIECTBO, ChABPIKAIIO CE B ChCTaBa
Ha SifYeHU YepyIKH 3a MPUIIOKEHUS B 3eJIeHaTa eHeprus U eJleKTpoHukara. CiioeBeTe ca HaHECEHH
ype3 enekTpodope3a BbpXy aTyMHUHHEBH enekTpoau rpu 60 V 3a 2 munytu. Te geMmoHCcTpUparT mo-
CWJICH IHE30€eJEeKTPUYEH MOJIYJ B CpPaBHEHHE ChC CJIOEBETE, MOJYUYEHU C PA3NUYHU TEXHHUKH.
JloGaBka Ha OmochbBMecTHMa coi Ha Poie ce u3nons3Ba 3a JOMBIHUTENHO MOA0OpsSBaHE Ha
MHUE30eNeKTPUYHHS MOTyJl. Ta3u chcTaBKa KpUCTAIM3HpPa B HAHOKPUCTAIM B ChCTaBa Ha sHIaTa.
ToBa 3HauUMTENHO yBeIMUYaBa MUE30ETCKTPUYHHUS MOJIYJI HA CJIOSI M TOW CTaBa CPaBHUM C TE€3H Ha
HSIKOU OT HEOPTaHUYHUTE MOHOKPHUCTAIIH.

I'.7.27. Rade Tomov, Mariva Aleksandrova, Spray-deposition of MoS, Thin Films and Their
Application in Biosensors, 5th International Conference on Communications, Information,
Electronic and Energy Systems, Veliko Tarnovo, 20-22 November 2024, CIEES 2024, ISBN: 979-
8-3503-5286-3

In this work, the influence of the parameters of ultrasonic deposition of water solution of MoS;
was studied and sensing structures for sweat biomarkers were fabricated using the optimal
parameters. The optimal flow rate of the ultrasonically atomized solution was determined to be 0.2
mL/min. Mo and Ni electrodes were deposited by vacuum sputtering and their effect on the
response of the produced chemoresistive sensors was investigated. The sensitivity of the structures
was measured under the influence of NH3, NaCl and MgCl,. The most stable response was from
sensors with Mo electrodes towards NHs.

B Hacrosmata pa®oTra € WM3ClIeABaHO BIUSHHETO Ha IapaMeTpuTe Ha YJITPa3BYKOBOTO
MyJIBEpU3MpaHe Ha BOJCH Pa3TBOp Ha MoS;, kaTo Osixa MpoU3BEEHH CEH30PHHU CTPYKTYpH 3a
Ouomapkepu Ha TOTTa, HU3MON3BallKM ONTUMAaNHUTE mNapamerpu. ONTUMAJIHUAT JeOUT Ha
YATPa3BYKOBOTO ITyJIBEpU3UpaHe Ha pa3TBop onpesnesieH Ha 0,2 mL/min. Enexkrpoante or Mo u Ni
ca HAHECEHM 4Ype3 BAKYyMHO paslpallBaHe U € H3CJIEIBAHO TIXHOTO BB3JEHCTBUE BBPXY
peakuusaTa Ha MPOU3BEICHUTE XEMOPE3UCTUBHU CEH30pU. UyBCTBUTEIHOCTTA HA CTPYKTYpPUTE €
u3mepena noj BiausHuero Ha NHi, NaCl u MgCl,. Haii-ctabunuust otroBop € kbM NH3 oT
CEH30puTe ¢ MO elIeKTpOIn.

I'.7.28. Rusev, R.P., Angelov, G.V., Tzaneva, B.R., Aleksandrova, M.P. Electrophoretic
Deposition of Rochelle Salt on CuyO Plate, 56th International Scientific Conference on
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Information, Communication and Energy Systems and Technologies, ICEST 2021 - Proceedings,
Sozopol, 16 June - 18 June 2021, pp. 107-110, 9483526, ISBN: 978-1-6654-2887-3

A new method for electrophoretic deposition of piezolayers is developed. Rochelle Salt is deposited
over a plate of Cuz0 at a voltage of 7 V for 5 minutes. The investigation using scanning electron
microscopy showed that a nanosized sublayer of microscopic crystals was grown. The generated
voltage is with 622 mV amplitude. The obtained piezo module ds33 is 223.1 pC/N which is
comparable to the state-of-the-art deposition methods.

Pa3paboTeH e HOB MeToAa 3a eNneKTpopopeTHYHO HaHacsHe Ha mwme3ocioeBe. Conm Ha Pomee
HaHeceHa BbpXy enekTpolx oT CuO mpu Hampexenue or 7 V 3a 5 munytu. M3scnensanero c
IIOMOIITAa Ha CKAaHUpAIl €JIEKTPOHEH MUKPOCKOIl I[I0Ka3a, Y€ € Uu3pacHal HaHOCIOW OT
MUKpPOCKOIIMYHU KpUCTAIU. ['€eHepupaHOTO OT TOBa HAIpEKEHUE € C aMIumryga 622 mV.
[onmyuenusar nuesoenekrpuueH Mmoay dsz € 223,1 pC/N.

I'.7.29. Mrigal, A., Addou, M., Jouad, M.E., Choukri, N.E., Aleksandrova, M., Structural and
electro-optical properties of Sn-doped VO films elaborated by spray pyrolysis, Proceedings of the

International Spring Seminar on Electronics Technology, Sofia, 10 May - 14 May 2017, ISSE
2017, 8000894, ISBN: 978-1-5386-0582-0

In this study, we focus on the growth of thin films of undoped and Sn doped vanadium dioxide thin
films deposited by spray pyrolysis on glass substrates. All the samples were grown at a fixed
temperature of 450°C for the time duration of 10 min, and the concentration of the precursor
solution was fixed at 0.015M. Two different Sn doping concentrations (2% and 4%) were studied
in term of optical transmission T and electrical resistance R change. VO films doped with 2% of
Sn showed transmission of 85% at a wavelength of 2000 nm and at a temperature of 25 °C, and it
becomes less than 42% for the same wavelength at 90 °C. Electrical measurements as a function
of the temperature of VO» films doped 2% of Sn show a difference of about two orders of
magnitude between semi-conductor and metallic state.

B ToBa uscnensane GokychT € BbPXY pacTexa Ha ThHKU CJIO€BE OT HEeJEeTMpaH U JIeTUpaH ¢ Sn
BaHAaJMEB JUOKCH/I, KOUTO Ca HAHECEHU YPe3 METO/1a CTIpeli MUPOIN3a BbPXY CTHKICHH MOJI0KKH.
Benuku npobu ca ¢popmupanu npu gukcupana temneparypa ot 450 °C B npoabikenue Ha 10
MUHYTH, a KOHLIEHTPALUATa Ha IPeKypcopHus pa3TBop € puxcupana Ha 0.015M. Uzcnensanu ca
JIB€ Pa3JIMYHU KOHIIEHTpAIlMHU Ha jerupane ¢ kanai (2% u 4%) 1o oTHOIIEHNE HA CTOMHOCTTA Ha
ONTUYHO TiporryckaHe T W mpomsiHaTta B enekTpudeckoTo chrhpotuBieHne R. Crnoeere VO,
nerupanu ¢ 2% Sn, moka3Bar mporyckaHe oT 85% npu abikuHa Ha BbhiaHata oT 2000 nm u
temneparypa ot 25 °C, a npu 90 °C T4 cnaga 10 no-mManko ot 42% npu cbliara JbJDKMHA HA
BbJIHATa. EnekTpuueckutre M3MEpBaHUS B 3aBHCUMOCT OT Temieparypata Ha VO: cloesere,
nerupanu ¢ 2% Sn, Moka3BaT pa3jivKa OT OKOJIO JIBa MOPSABKA MEXKIY HOIYIPOBOIHHUKOBOTO U
METAITHOTO CHCTOSTHHE.
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I'.7.30. Kolev, G., Aleksandrova, M., Vucheva, Y., Denishev, K. Thin film microsensing
elements, technology and application in microsystems for environment control, J. Phys.: Conf. Ser.
2014, 559, 012015, ISSN: 1742 -6596 (SJR 0.26)

In this paper microsensing elements with thin piezoelectric films are presented. Three different
materials from the basic types-ceramic, metal oxide and polymer, in microsystems for environment
parameters control are used. Zinc oxide (ZnO) and lead zirconium titanate (PZT) by sputtering
technology from hot targets are deposited. The optimal parameters of the process and thickness of
the layers are presented. Layers of piezoelectrical polymer poly (vinylidene fluoride) (PVDF) were
prepared by spray deposition technique. The microelements (MEMS) with these piezoelectric films
are proposed for direct and indirect measuring of parameters as pressure, vibration, gas and liquid
sensing, fluid flow, etc.

B Tta3u crartusa ce npencraBAT MUKPOCEH30PHU €JIEMEHTU C ThHKU IUE30€JIEKTPUYHM CIIOEBE.
W3non3Banu ca Tpu pazauyHU MaTepuaiga OT OCHOBHHUTE TUIIOBE — KEepaMHKa, METaJ-OKCHI U
IIOJINMEpP, B MUKPOCUCTEMM 3a KOHTPOJI HAa MapaMeTpu Ha OKoJiHaTa cpena. LIMHKOBUAT okcuj
(ZnO) u onosHO-uupkoHueBuT TUTaHaT (PZT) ca HaHeceHM 4Ype3 TEXHOJOrHs Ha BAKYYMHO
pasnpamBase. [IpenctaBeHy ca ONTUMaIHUTE TIApaMeTPU Ha MPoLEca U 1e0eIHaTa Ha CIIOEBETE.
Crnoesete OT nmue30eNeKTpUYHMS TonuMep nonu (BuHwinaeH audayopun) (PVDF) ca usrorsenu
10 MeToja Ha crpeil HaHacsiHe. Mukpoenementute (MEMS) ¢ Te3u nue3oenekTpuuHy ClI0eBE ca
MIPEJIOKEHU 32 JUPEKTHO U MHAMPEKTHO M3MEpBaHE Ha MapaMeTpu Karo HajsraHe, BUOpaluu,
OTKpHUBaHE Ha ra3oBe U TEYHOCTH, MOTOK Ha (QIyUaU U JIp.

I'pyna ,I.8“

I'.8.1. Mariva Aleksandrova, Rade Tomov, Education and training through research in fabrication
of micro- and nanosystems at the Technical University of Sofia, ELARA TECHNIQUES AND
TECHNOLOGIES to Support Sustainable Education of ACADEMIC SPHERE, Year 1, Book 1,
2023, EL@RA CONFERENCE PROCEEDINGS, 110-119, EUT+ Academic Press, ISSN: 2815-
5254.

This paper presents a training through research laboratory course on ‘Fabrication of micro- and
nanosystems’. The course aims to provide master engineering students in specialty of
‘Microtechnology and nanoengineering’ a hands-on experience involving up-to-date integrated
circuit (IC) and microelectromechanical system (MEMS) design, materials selection, fabrication
processes flow, packaging, and testing. Through project-based learning, students develop their
design of experiment and communication skills due to the presence of individual and group
laboratory tasks. The course content and examples of the workflow are presented together with
details about the professional realization of the graduated students and statistical data. With the
developed course, the Technical University of Sofia and particularly the Department of
Microelectronics address very well the problem with the connection between the university and the
employing companies from one side, and the university and research from the other side.
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B Ta3u cratus ce npexacraBs Kypc Ha oOy4yeHue, cielBall METOAa ,,yueHe 4pe3 INPOBEKIaHe Ha
HAYYHH W3CJIEBAHMS IO AUCIUILIMHA ,, T eXHOJIOTHs HA MUKPO- ¥ HaHocucTeMu ‘. KypchbT nma 3a
el J1a TPelocTaBU MPAKTHUYECKH OMHUT Ha MAaruCThbP-WHKEHEPU CBhC  CHEIHATHOCT
»»MHKPOTEXHOJIOTMY M HAHOMHXEHEPUHI, BKJIIOYBAILl aKTyaJeH IW3aiiH Ha MHTErpajJHu CXEMU
(IC) u mukpoenexkrpomexannunu cuctemu (MEMS), u36op Ha marepuanu, MpOU3BOACTBEHH
IpoIecH, KOpIycHpaHe W TecTBaHe. Upe3 oOyd4EeHHETO OCHOBAHO Ha MPOEKTH, CTYACHTUTE
pa3BUBAaT yMEHHUS 3a NPOCKTHpAaHE Ha EKCHEpUMEHTa M KOMYHHKaIus, OjaromapeHue Ha
WHAMBUYaJTHUTE W TPyHoBU JabopatopHu 3amaud. ChAbpKAaHHETO Ha Kypca U NpPUMEpPH 3a
paboTHUS MOTOK ca MPEACTAaBEHU 3aeJHO ¢ MHQopMaIys 3a npodecuoHaTHaTa peaau3anus Ha
IUIJIOMUPAHUTE CTYIEHTH W cratuctudecku naHHU. C pa3paboTeHuss Kypc TeXHUUECKUAT
yauBepcuteT B Codusi ¥ mo-crienuanHo kareapa ,,MHKpOEIEeKTpOHHKA A00pe aapecupar
npobiemMa ¢ Bpbh3KaTa MeX/ly YHUBEPCHTETa U pabOTOaTeINTE OT €Ha CTPaHa U YHUBEPCUTETA U
Hay4YHMTE U3CIIeIBAHUS OT Apyra.

I'.8.2. M Aleksandrova, Solar Energy Sources Based on Perovskites — Future Research Prospects
and Industrial Opportunities, Advanced Materials Proceedings 6 (1), 21010420, 2021, ISSN:
2002-4428

Perovskite materials have become one of the hottest topics in solar energy conversion in recent
years. They reached similar efficiency to the polycrystalline silicon solar cells, and also found
applications in a variety of fields out of energy harvesting, such as lighting. The main advantage
of this class of materials is the ease of processing, a line with the large-scale solution fabrication
techniques. Although the technology still faces some challenges related to long-term stability the
prospects for commercialization at the beginning of 2021 are much more realistic in comparison
with the forecasts released at the end of the previous 2019 year. In this perspective articles analysis
of the research and market perspectives of the perovskite solar cells is made.

[TepoBckUTHUTE MaTepualM ca €JHa OT HAW-TOPEIIUTEe TEMU B MpeoOpa3yBaHETO Ha CIIbHUEBA
€Heprus mpe3 mocieaHuTe roguHu. Te nocturaaxa epekTUBHOCT, MOA0OHA Ha TOJUKPUCTATHUTE
CWJIMIIMEBU CTbHYEBU KJETKU M HaMepuXa MPHJIOKEHUS B pa3IudHU 00JacTh W3BHH J0OMBA Ha
eHeprus, kaTto ocBeriieHHe. OCHOBHOTO NPEAMMCTBO Ha TO3M KJac MaTepHald € JIeCHaTa
00paboTKa, B CHOTBETCTBHE C TEXHUKHUTE 32 MPOU3BOACTBO OT Pa3TBOP, HO B ToJiAM Maiiad.
Bbnpekn dYe TeXHOJOrMATa BCE OIIE€ Cpella HIKOM MPEAU3BHKATEICTBA, CBBP3aHU C
IBITOCPOYHATA CTAOMIIHOCT, MEPCHEKTUBUTE 3a KOoMepchanu3anus B Hadajgoro Ha 2021 r. ca
3HAYUTEIHO MO-PEATUCTUYHH B CPaBHEHHUE C MIPOTHO3UTE, MyOJINKYBaHU B Kpas HA MpeaXoaHaTa
2019 ronuHa. B Ta3u ctaTus € HalpaBeH aHaIM3 Ha U3CJIEI0BATEIICKUTE U MTa3apHUTE NEPCIEKTUBHU
Ha MEPOBCKUTHUTE CIHHUYEBU KIIETKHU.

I'.8.3. M Aleksandrova, Piezoelectric Alternative Energy Sources as a Part of the Global Energy
Concerns — Future Prospects in the Science and Market, Advanced Materials Letters 11 (10),
20101561, 2020, ISSN: 0976-3961

Portable and smart electronic devices are powered by batteries whose life is limited. On the other
hand, in recent years the idea of renewable energy and methods of its obtaining by environmentally

43



friendly technologies gained popularity. The conversion of energy from various sources in the
surrounding environment (energy harvesting) solves the problem of battery-less power supply and
satisfies the modern concepts of "clean" energy. One of the mechanisms for electrical energy
generation is the piezoelectric effect, which relies on mechanical activation (vibrations, pressure,
force) and the corresponding devices are piezoelectric energy harvesters. This article has
overviewed the global situation, efforts, and prospects of the development of piezoelectric
materials and harvesting devices in terms of research interest, industrial implementation, sectors of
application and market forecasts.

[lopraTuBHU M yMHM €JIEKTPOHHHM YCTPOMCTBA CE€ 3axpaHBaT OT OaTepuu, YMUTO >KUBOT €
orpanuueH. OT apyra crpaHa, Mpe3 MOCIEAHUTE FOJMHU HedTa 3a Bb30OHOBsieMaTa eHeprus u
METOJIUTE 3a HEHHOTO MOTy4YaBaHe Ype3 €KOJOTMYHO YUCTH TEXHOJOTHH Habpaxa MOMyJIsIPHOCT.
[IpeoOpa3yBaHeTo Ha eHeprusi OT Pa3lIMYHU U3TOUYHULM B OKOJIHATa cpena (100MB Ha eHeprusi)
pemiaBa npobiema ¢ 6e30aTepuitHOTO 3aXpaHBaHE U OTrOBaps HA ChbBPEMEHHUTE KOHIICTIIMU 3a
"gypucta" eHeprus. EnuH OT MeXxaHM3MHTE 3a TEHEpUpaHE Ha eJeKTpUYecKa EHEeprus e
MUE30eNeKTPUYHHAT e(deKT, KOMTO pa3uuTa HAa MEXaHWYHA aKTUBalus (BUOpaluu, HalAraHe,
cuia), a CbOTBETHUTE YCTPOMCTBA Ca MHE30CICKTPUYHH YCTPOUCTBA 3a 1OOUB HA eHeprus. Taszu
CTaTuAd MpeaoCTaBAa NPCrjica Ha FJIO6aJIHaTa CUTyalusd, yCUJusaTa U INCPCIICKTUBUTC 3a Pa3BUTUC
Ha THUE30CIICKTPUYHA MaTepuall W YCTPOMCTBa 3a JOOWB HA CHEPTHs IO OTHOIICHUE Ha
W3CIIEIOBATEIICKUAST HMHTEPEC, WHIYyCTPUAIHOTO TMpuUJIaraHe, CEKTOPUTE Ha NPWIOKEHUE U
Ma3apHUTE MPOTHO3M.

I'.8.4. 1 Pandiev, M_Aleksandrova, Design and Implementation of Dynamic FPAA Based
Interface Circuit for Thin Film Lead-Free Piezoelectric Sensors, Advanced Materials Letters 11
(10), 20101565, 2020, ISSN: 0976-3961

In this paper, we propose interface electronic circuit for thin film piezoelectric sensing structures.
An interface electronic prototype based on dynamically programmed Field Programmable Analog
Array (FPAA) is configured to implement Root-Mean-Square (RMS) to DC (RMS-to-DC)
conversion process, based on direct method. The studied piezoelectric sensors are prepared by
conventional microfabrication technology, involving new lead-free piezoelectric polymer-oxide
composite, consisting of gallium doped zinc oxide and polyvinylidene fluoride. The devices show
sensitivity to low frequency, weak mechanical loads and exhibit excellent stability at multiple
vibrational cycles. It was found that a mass load of 80 g causes DC voltage of 111.8 mV with
instability of less than 10 mV, which is sufficient for detection purposes.

B ta3u cratus e npeqoxkena nHTepgeiicHa elIeKTPOHHA CXeMa 32 ThHKOCIONHU MTUEe30€JIeKTPUIHH
CEH30pHU CTPYKTypH. WHTepdelcHUAT eneKkTpoHeH MpoTOTHN, Oa3upaH Ha JAUHAMUYHO
nporpaMupana nporpamupyema anaigoroBa marpuna (FPAA), e kondurypupan na peanusupa
mpolieca Ha npeoOpa3yBaHe OT €(pEeKTUBHO B MOCTUSHHO HANPEKEHUETO, U3MOI3BANKN TUPEKTEH
Meton. W3cneaBaHuTe NHME30€NEKTPUYHM CEH30PM Ca H3TOTBEHH 4pe3 KOHBEHIMOHATHA
MHUKpOOOpaboTBallla TEXHOJOIHsI, BKIKOYBAIIA HOB OE30J0BEH MUE30€NIEKTPUYEH IOIMMEPHO-
OKCHJIEH KOMIIO3MT, CBCTOSI C€ OT TajheBO-JerupaH LUHKOB OKCHJ U TMOJU(BUHWINICH
mudayopun) (PVDF). VcrpoiicTBata moka3BaT UyBCTBUTEIHOCT KbM HHCKH YECTOTH U Cllabu
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MEXaHWYHH HATOBapBaHWs M JAEMOHCTPHpAT OTJIMYHA CTAaOMIHOCT TIPH MHOTOOPOIHM
BUOpALIMOHHN LUKJIU. YCTaHOBEHO €, 4e MacoHaToBapBaHe oT 80 g BoAM A0 IOJyyaBaHE Ha
OCTOSTHHO Hampexenue ot 111,8 mV ¢ mecrabunnoct mox 10 mV.

I'.8.5. M. Aleksandrova, Application of the impedance spectroscopy for characterization of thin-
film perovskite photoelectric devices, Proceeding of the Fifth Int. Scientific Conference
"Alternative Energy Sources, Materials &Technologies (AESMT’22), 27 - 28 June, 2022, Veliko
Tarnovo, Bulgaria, vol. 4, 95-96, COBISS.SI-ID — 9235833, ISBN: 2603-364X

Exploring the fundamentals of the perovskite materials for solar cells and their interfaces with the
buffer or electrode layers is of great importance for the materials quality and devices design
optimization. Despite of the various methodologies that are used to estimate the optoelectronic
behavior and stability of the thin-film solar cells, in depth analysis of the processes, especially in
the lead-free photoconverters still lacks. Such analysis is possible if impedance spectroscopy (IS)
technique is applied to the solar energy harvesting samples. In this paper, the IS is applied for
investigation of the processes dynamics in cells with a lead-free perovskite and interfacing metal-
oxide transporting layer. Equivalent circuit model (ECM) is proposed to explain the spectra at the
different frequencies. In this way, processes like drift and diffusion of ions are identified and the
cell’s efficiency and stability can be ascribed to the results obtained after ECM determination.

W3cnenBaHeTo Ha OCHOBHMTE HAa NEPOBCKUTHUTE MaTepUAId 3a CIBHUEBU KIETKM M TEXHUTE
uHTepdeiicu ¢ OydepHH WM EIEKTPOJHHM CIIOeBE € OT TOJISIMO 3HAYeHHME 3a KayecTBOTO Ha
CJIOEBETE M ONTUMU3ALMATA Ha JU3aiiHa Ha yCTpoicTBaTa. BeIpeku pasinyHUTE METOJOJIOTHH,
U3I0JI3BAHM 32 OLICHKA HA ONTOEJIEKTPOHHOTO IOBEJIEHHE M CTAaOMIHOCT Ha THHKOCIOMHUTE
CIIbHUEBU KIJIETKH, 3aIbJIOOYEH aHalu3 Ha MpPOLECUTe, OCOOEHO Ipu OE30J0BHUTE
¢doronpeodpazyBaTenu, Bce OlIe JUNCBA. TakbB aHAIN3 € Bb3MOXKEH, aKO Ce MPHIIOKU TEXHUKATa
Ha umnenaHcHa cnektpockonus (IS) Bepxy comapaute oOpasuu. Tyk IS e mpunoxena 3a
u3cieiBaHe Ha JMHAMUKaTa Ha IMPOLIECUTE B KIETKU ¢ O€30JI0BEH NMEPOBCKUT U MHTEepdeiliceH
METaJI-OKCU/IEH IPEHOCEH 32 TOKOHOCUTENIUTE ciloM. [IpeokeH e eKkBUBaJICHTEH MOJIEN Ha CXeMa
(ECM), 3a na oOsiCHM CIIEKTpUTE TIPH pazNuyHU 4yecToTH. [1o To3u HaymH ce uaeHTudUuImpar
nporecu, kaTo Apeid, iudy3us Ha HOHH, ePEeKTUBHOCTTAa U CTAOMIIHOCTTA Ha KJIETKAaTa.

I'.8.6. G Kolev, M _Aleksandrova, I Todorov, M Zahariev, P Mladenov, Krassimir Denishev,
Design of flexible piezoelectric energy harvesting device with optimized performance, Materials,
Methods & Technologies 12 (2018), 256-265, ISSN: 1314-7269, COBISS-ID: 14196246

In this paper, we demonstrate fabrication of environmental friendly flexible piezoelectric generator
and propose optimization strategy for its performance by a formation of stress concentrators in the
piezoelectric material. The entire structure is characterized with improved electrical response to
mechanical stimuli, although the thickness of the used piezoelectric film is in nanosized range.
Piezoelectric oxide films are grown by vacuum sputtering and patterned in a specific way by
applying lift-off microfabrication technology. The design is based on simulation analysis, showing
a concentration of peak stress in specific areas, causing enhanced charge generation. As a result,
the piezoelectric coefficient of 11.28 pC/N is achieved and it is superior, compared to the device
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without concentrators. This value is competitive to devices using lead-containing lead zirconium
titanate (PZT), as well as to devices with millimeter thickness of the piezoelectric material.
Vibrational dynamic test in the low- frequency range up to 50 Hz shows that the generated voltage
after patterning increases with 12.8 %, reaching ~677 mV. In addition, the device with
concentrators can stand 187 000 bends without failure and the useful capacity, which is greater
than 250 pF, decreases by 7%.

B Ta3u cTaTtus € AeMOHCTpUPAHO MPOU3BOJCTBOTO HAa EKOJIOTMYHO YUCT I'bBKAB MUE30€IEKTPUUCH
reHepaTop U € MpeasioKeHa CTpaTerus 3a ONTUMM3AIMs Ha MPOU3BOJUTEIHOCTTa My 4Ype3
oOpa3dyBaHe Ha KOHIICHTPAaTOPH Ha HANpeXeHHe B IMHEe30eNeKTpuyHus Marepuan. llsmara
CTPYKTypa ce€ XapakTepHu3upa ¢ IMOAOOPEH EeJIeKTPUYECKH OTTOBOP HAa MEXAaHWYHH CTHUMYIJIH,
BBIIPEKHU 4Ye AeOenrHaTa Ha U3MOJ3BaHMs MHE30eIeKTPUYECH CIIOM € B HAHOMETPOBHS JIMAINa3oH.
[Tue3oenekTpuyHN OKCUIHU CIIOEBE Ca HAHECEHU Ype3 BaKyyMHO pa3IpalliBaHe U ca 0pOopMEeHH I10
cnenu(uUeH HAYMH C MpUJaraHe Ha TEXHOJOTHSA 3a oOpartHa QortoiuTtorpadus (CBIWYAHE).
JIn3aliHbT € OCHOBAaH Ha CHMYJAIIMOHEH aHallu3, KOWTO MOKa3Ba KOHIIEHTpAIMs Ha MUKOBOTO
HampekeHue B crneruuyHu 001acTy, MPUUYMHSBAILA YBEJIHMUEHA reHepanus Ha 3apsa. B pesynrar,
€ MOCTUTHAT nue3oenekTpudeH koeduuueHT ot 11,28 pC/N, KOWTO € 3HAYMTEITHO IMO-BHCOK B
CpPaBHECHHE C YCTPOHCTBOTO 0€3 KOHIIEHTpAaTopu. Ta3um CTOMHOCT € KOHKYPEHTOCIIOCOOHa Ha
YCTpOICTBa, H3MOJ3BallM OJOBHO-IMpKOHUEB TUTaHaT (PZT), kakro M Ha ycTpoHcTBa C
MIJIAMETPOBA J1e0CeTMHA Ha MHUE30eNIeKTPUYHIS MaTepruan. BuOpannoHHUAT AMHAMUYEH TECT B
HUCKOuecTOTHUs nuana3oH a0 50 Hz mnoka3Ba, dYe TeHEpUPAHOTO HAMPEKEHUE Clel
JUTOrpadCcKOTO CTPYKTYpHpaHe ce yBennyana ¢ 12,8 %, nocturaiiku okosio 677 mV. OcBeH ToBa,
YCTPOMCTBOTO ¢ KOHIICHTpaTOpu Moxke Aa moHece 187 000 orpBanmsi 6e3 MOBpeaa, a MOJIC3HUSIT
KanamurTeT, KoiTo e mo-royisim ot 250 pF, namansasa camo ¢ 7%.

I'.8.7. Mapus AsekcanapoBa, Banentun Bunexos, Kpacumup Jlenumes, Togop Tonopos, 'ans
MapunoBa u Emun Manonos, Cp3/1aBaHe U anpoOupaHe Ha HOBa MarucTbpcKa CHEIUAIHOCT
“Mukpotexrosiorun U HaHoumkeHepuHr BbB ETT na TY-Codus, HAI[MOHAJIEH ®OPYM
“EJIEKTPOHHUKA 2015, Hayuonanen oom na naykama u mexuuxkama — Cogus, 14 - 15 mati
2015 2, Coopuuk nokmanu, ctp. 8-13, 2015. ISSN: 1314-8605

BbB Bpb3ka ¢ um3nbiaHeHueto Ha npoekt BGO51P0001-3.1.07-0048 mo OII ,,PazBuTtne Ha
yoBemkure pecypcu” Ha EC, kM @OETT 0e cb3mageHa Marucrbpckara CHELHATHOCT
“MHKPOTEXHOIOTMHY U HAHOMHKEHEPHUHT ', KOSITO € cbBMecTHA ¢ MT® n OTK. Ilpu cbrcraBsHeTo
Ha y4eOHUS IJIaH U yueOHUTE IPOorpaMu ca choOpa3eH!U JBa OCHOBHU (haKTOpa: MPOYUEHO € Cpe
paboToaTeIuTe ThPCEHETO Ha CIIELUAMCTH C ONPEJIENIEHU TTO3HAHUS B 00J1aCTTa U ca MPOyUYEHH
CPOAHM CIIELMAIIHOCTH BbB BOJACIIM 3allaJlHU YHUBEPCUTETH. BbBEKaT c€ HOBM MOAXOIH, KaToO
MIPOEKTHO-OPHEHTUPAHO O0YUYEHHE, AKIIEHT BbPXY MPAKTUYECKUTE 3aHATHS C YBEIMUYEH XOpapuyM
Ha J1a0OpaTOpHUTE YMPAXKHEHHUS, €JIEKTPOHHO MEHa)KMpaHe Ha y4yeOHUs Mpolec, aHTaXHpaHe
BHUMAaHHETO HA CTYJEHTUTE MO TeMaTHKaTa Ha JAUCLUUIUIMHUTE ChC 3aJa4d 3a JOIBJIHUTEIHA
CaMOIIO/ITOTOBKA, JOMAIIHKU paboTH, KypcOBU paboTu U MpoekTH. OOy4eHHEeTO Ha IbPBUS BUITYCK
CTYJICHTH T10 HOBaTa CTIEIHATTHOCT CTapTHpa npe3 yueonara 2014/2015 r.
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Regarding the implementation of project BGO51PO001-3.1.07-0048 from OP "Human Resources
Development" of the EU, novel MSc specialty "Microtechnology and nanoengineering" was
created in FEET in collaboration with the Faculty of Industrial Technology and Faculty of
Telecommunication. In the curriculum and syllabuses two main factors have been taken into
account: inquiries among the employers, seeking professionals with specific expertise in the field
and study of similar specialties in the leading foreign universities. New educational approaches
have been introduced, such as project-oriented training, emphasis upon practical exercises with
increased hours per laboratory work, electronic management of the educational process, engaging
the attention of the students to the subject of the disciplines by additional tasks for self-study,
homeworks, assignments and projects. The training of the first class of students in the new specialty
has been launched in the academic year 2014/2015.

I'.8.8. EMun Mawnosos, MBaiino Ilanaues, Enumna I'uesa, ﬁopﬂaHKa ITerposa, [TaBnuna Kouiesa,
Mapus AnekcanapoBa, OpraHu3aiys U YIPaBICHHE HA MPOEKT 33 aKTyaIH3UpaHe Ha YUCOHU
IUIaHOBE U iporpamu B Texauuekn ycuepeuteT — Cobus, Tpema Meocoynapooua konpepenyust
., Texnuka. Texnonoeuu. Obpazosanue. Cueypnocm” na 28 u 29 mau 2015 r., Benuko THpHOBO,
2015, CoopHuk noknamu, Op. 5, ctp. 22-25. ISSN: 1310 — 3946

CbBpeMeHHHTE MPOEKTH 3a M0A00psSBaHE KaYeCTBOTO Ha OOYUYEHHE CE XapaKTepU3UpPaT C TOJIsSIM
Opoii 33141, MHOTO YYaCTHULIM U pa3HOPO/IHA 1IeJieBa IpyIa OT CTYJeHTU. ToBa MOCTaBs BbIPOCa
3a e()eKTUBHOCTTA Ha YIpaBJI€HHE HAa MHOrooOpa3HeTo OT JeMHOCTH Mpe3 Leaus Mepuoj Ha
npoekTa. JJokiagbT € MocBeTeH Ha MPOEKT MO MpUOpHUTETHa oc ,,Ilono0OpsiBaHe KauecTBOTO Ha
o0pa3oBaHMEeTO U OOyYeHHETO B CBHOTBETCTBHE C IOTPEOHOCTUTE Ha Na3apa Ha TpyAa 3a
U3rpakJaHe Ha HMKOHOMMKA, OCHOBaHa Ha 3HAaHUETO B paMkuTe Ha OrnepaTuBHa Nporpama
,,Pa3BUTHE Ha YOBEIIKUTE pecypcu’”’ Ha EBponeiickus cbio3.

Modern projects for improving the quality of education are characterized by a large number of
tasks, many participants and a diverse target group of students. This raises the question of the
effectiveness of managing the diversity of activities throughout the project period. The report is
dedicated to a project under the priority axis "Improving the quality of education and training in
accordance with the needs of the labor market for building a knowledge-based economy" within
the framework of the Operational Program "Human Resources Development" of the European
Union.

I'.8.9. Mariva Aleksandrova, G. Dobrikov, S. Andreev, Comparative Study of Thin and Thick
Film Technology for Organic Light Emitting Structures Preparation, International Journal of
Advances in Engineering Science and Technology, issue 1, pp. 42-48, 2011, ISSN: 2321 —8991

In this paper two types of organic light emitting devices are prepared by use of thin film and thick
film technology. For thin organic film deposition is used spin coating and for thick organic layer
deposition is applied method screen printing. Morphology of the layers deposited by both
techniques is compared and its influence of the device’s performance is commented. Impedance
spectroscopy and traps energy measurements are applied for electrical characterization of the
samples. Important electrical parameters like boundary operational frequencies, activation energy
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of the traps, capacitance, contact and bulk resistances are calculated and compared for both types
of devices.

B Tta3u craTus ca WM3rOTBEHM JBa TUIIA OPraHUYHU CBETOJAUOJHU YCTPOWCTBA, HU3MOJI3BAMKHU
THHKOCIIOIHA U Je0eI0CI0HA TEXHOIOTHS 32 MPOU3BOJICTBO. 32 HAHACSHE HA THHKUS OPTaHUYCH
CIION € W3MOJI3BaHO IEHTPO(YKHO HAHACSHE, a 3a JcOenus OpraHWyYeH CJIOW - CHUTOIMeYarT.
Mopdosorusita Ha CIOCBETE, HAHECEHU C JIBETE TEXHUKH, € CPAaBHEHA U € KOMEHTHUPAHO BIUSHUETO
M BbPXY IPOU3BOJUTEIIHOCTTA HAa yCTporcTBaTa. MiMIieqancHaTa CIEKTPOCKOIUS U M3MEPBaHUSITA
Ha CGHeprusATa Ha YIJIOBKHTE (IeekTuTe B pelieTkara) ca MPHIOKEHH 3a eJIeKTpUuYecKa
XapaKTEepUCTHKa Ha 0obpasuute. BakHU €NEKTpUYECKH TapameTpu, KaTo TPaHUYHH PaOOTHH
YECTOTH, AaKTUBAI[MOHHA €HEprus Ha Je(eKTUTe, KamaluTeT, KOHTAKTHU ¢ O0O0CMHHU
CBHIIPOTHUBIICHHUS, Ca U3UYMUCIICHN U CPABHEHH 3a JIBaTa THUIIA YCTPOUCTBA.

Ipyna ,I.9“

I'.9.1. Aleksandrova, M. Production and application of thin films ¢ xorexmusna monoepaghus
Comprehensive Guide for Nanocoatings Technology, Volume 4: Application and
Commercialization, 2015, pp. 259-314, ISBN 978-163482687-7, Nova Science Publishers, New
York, USA, EID 2-s2.0-85152980807

Contemporary level of development of the micro- and nanoelectronics is based on application of
different thin films (metallic, dielectric, semiconducting), building the electronic devices. There is
a great variety of films functions in the construction of the devices, such as, for example, electrodes
and injecting coatings for electroluminescent devices, electrochromic coatings for displays and
"smart" windows, gas sensors, etc. Without doubt, currently one of the most spread classes of
materials, implemented as thin nanometer sized coatings, are the metal oxides. In this chapter
mainly the physical vapor deposition (PVD) techniques for production of metal oxide films will be
discussed.

CbBpeMEHHOTO HHMBO Ha pa3BUTHE Ha MMKpPO- M HAHOEJEKTPOHMKATa C€ OCHOBaBa Ha
MPUIIOKEHUETO HA Pa3IMYHU THHKU ClOeBe (METallHHW, JUENEKTPUYHM, MOIYNPOBOJIHUKOBH),
U3rpaXJIallyd eJeKTPOHHU ycTpoicTBa. ChIIecTBYBa TOJIIMO pa3HOoOOpazue OT (YHKUUH Ha
CJIOEBETE€ B KOHCTPYKIUSTa Ha YCTpOWMCTBaTa, KaTo HAIpuUMep €JIeKTPOAU U HHKEKIIMOHHU
MOKPUTHS 3a €JIEKTPOIYMHHECLEHTHU YCTPOMCTBA, €IEKTPOXPOMHHM MOKPUTHS 3a AMUCIUIEH U
"yMHHU" IPO30pPIIHM, FA30BU CEH30pH U Jip. be3cnopHo B MOMEHTa €JMH OT Hal-pa3snpoCTpaHEeHUTe
KJIaCOBE MaTepUalli, pealu3upaHy KaTo ThHKU MOKPUTHUS C HAaHOpa3MepHa jaebenuHa, ca MeTaj-
okcuauTe. B Ta3u riasa e 6b1aT 00CHAEHN OCHOBHO TEXHHUKHTE 3a (PU3MYHO OTjaraHe oT mapo-
ra3ona ¢asa (PVD) 3a mpou3BoACTBOTO HAa METAJIOOKCHU]IHU CJIOEBE.

I'.9.2. Aleksandrova, M., Polymer Light-Emitting Devices by Solution Processing, B KoJ1eKTHBHA
MoHorpadust Polymers for Light-Emitting Devices and Displays, 2020, pp. 1549,
ISBN:9781119654605, Scrivener Publishing LLC — Wiley, Hoboken, NJ 07030, USA
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Solution processing of organic-based light-emitting devices (OLEDs) has been widely studied as a
technology for low-cost, large area fabrication of optoelectronic devices. This chapter focuses on
the usage of polymer films deposited by solution processing for the manufacturing of different
single-colored or fill-colored electroluminescent displays. The survey focuses on the polymer
molecules engineering and devices architecture for creating highly efficient polymer light-emitting
devices (PLEDs) with parameters compatible to the commercially available OLED using small
molecules. The relevance of the materials selection and deposition process modes are highlighted,
in terms of energy bands alignment, smoothening of the films surfaces, and lack of intermixing at
the layer interfaces. All these factors are crucial for achieving stable and efficient PLED. Some of
the main achievements and challenges reported in the last few years are summarized and discussed
in relation with the turn-on voltage, current density, maximum brightness, luminous efficiency, and
possibility for commercialization of the devices. New light-emitting, hole and electron transporting
materials, as well as electrodes and substrates materials are considered.

OOpaboTkara Ha pa3TBOPU 3a OpraHMYHM cBeToauogHu ycrpoiictBa (OLED) e mmpoxo
u3cieBaHa TEXHOJOIHMs 3a peHTa0MiIHO, 00paboTBallO0 TOJIeMH IUIOIIM IPOU3BOACTBO Ha
OIITOETICKTPOHHU yCTpOHCTBa. Ta3u riaBa ce (OKycHupa BHPXY HM3MOJI3BAHETO HA TOJIMMEPHU
CJIOEBE, HAHECEHU OT Pa3TBOP, 3a IPOU3BOACTBOTO HA PA3JIMYHU €IHOLBETHU WJIM MHOTOLBETHU
€JIEKTPOJyMUHECLIEHTHN juciuied. [IpoydBaHeTo akueHTMpa BbpPXY HWHXKEHEpPUHIa Ha
MOJTMMEPHHUTE MOJIEKYJIM ¥ apXUTEKTypaTa Ha yCTPOHUCTBATA 3a Ch3J]aBaHE HA BUCOKO €(EKTUBHH
nosuMepHu ceroauogHu ycrpoictBa (PLEDs) ¢ mapamerpu, ChbBMECTUMH C TBPIOBCKU
HanuuHute OLED, wu3non3Bam Majakd MOJIEKYJIM € HHCKO MOJIEKYJIHO Terjao (OpraHu4yHH
kpuctanu). [lorueprano e 3HaueHHeTO Ha M300pa HA MaTepUAIM M PEKUMUTE HAa HAHACSHE IO
OTHOILIEHUE Ha IOAPABHABAHETO HA C€HEPIHMMHUTE HUBA, WU3IJIAXKAAHETO HA IIOBBPXHOCTHUTE HA
CJIOEBETE M JIIIcaTa Ha CMECBaHE Ha MaTepuilauTe Mpu UHTepdeiicutre Mexay cioesere. Benuku
Te3u (aKTOpW ca pellaBailyd 3a TocThuranero Ha crtabwieH u edextuBen PLED. Hskou ot
OCHOBHUTE MTOCTHKEHUS U MIPEIU3BUKATEICTBA, OTYETEHU MIPE3 NMOCIETHUTE TOANMHH, ca 0000IIeHH
1 00CH/IEHU B KOHTEKCTA Ha HAIIPEXEHUETO Ha BKIIOUBAHE, INIbTHOCTTA HA TOKA, MaKCHMAaJlHaTa
SAPKOCT, CBETJIMHHATa €(pEKTHBHOCT M BB3MOXKHOCTTA 3a KOMEpCHalW3alUsl Ha yCTpOMCTBara.
PasrnexnaT ce HOBM CBETOM3IBYBATENIHHM, W TPAHCIOPTHU 34 EJIEKTPOHUTE U 3a IYNKHUTE
MaTepHaH, KaKTO U MaTEPUAIIH 3a €IEKTPOIU U MOIJIOKKH.

.9.3. R. Aepuru, M. Aleksandrova, Ch. N. Rao, S. Sahare, A. D. Savariraj, Ramalinga
Viswanathan Mangalaraja, Transparent conducting electrode materials for solar cell technologies
B KoJekTHBHa MoHorpadus Green Sustainable Process for Chemical and Environmental
Engineering and Science: Solid State Synthetic Methods, 2021, pp. 377-407, ISBN 978-0-12-
819720-2, Elsevier, Amsterdam, Netherlands

High transparency and conductive materials have captivated potential interest as transparent
conducting electrodes (TCEs) in modern optoelectronic devices (e.g., solar cells). Several
alternative TCEs have been developed in recent years to replace commercial ITO electrodes. This
includes materials from transparent conductive oxides (TCOs) to novel electrodes made from
doping with different metals/semiconductors and 2-D hybrid electrodes that integrate TCOs or
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dielectrics with nanowires, metal grids, and metal thin films. In this chapter, the most relevant
TCEs developed to date are presented with their fundamental properties that are emphasized toward
the applications for high-efficiency solar cells. The trade-off properties such as optical and
electrical conductivity of various TCEs are discussed. The information provided will serve for
selecting and developing suitable transparent electrodes according to specific application.

Bucokara npo3payHoCT ¥ TPOBOAMMOCT Ha MaTepHAIIUTE MPUBJIEKOXA MOTEHIIMAJICH HHTEPEC KaTO
npo3paynu npososany enektpoau (TCEs) B cbBpeMeHHUTE ONTOSIEKTPOHHH YCTPOICTBA (HAIM.
cirpHYeBH Ki1eTkH). [Ipe3 mocneanure rogunu 6sxa padpadorenu Hsakonko antepHatuBHu TCEs ¢
uen 3amsiHa Ha Thproeckute enektpoau oT ITO. Tosa BkiIHOYBA MaTepuanu OT HPO3pPavyHU
npoBogsmu okcuau (TCOs), HOBH e€NEeKTpOJaM, MPOU3BEACHU YPE3 JIETUPAaHE C PA3IUYHU
METaJIu/TIONYIPOBOAHAIIM, W XuOpuaHu 2-D enektpoau, kouto wuHTerpupat TCOs wumm
JUENIEKTPUIM C HAHOXKUIIM, METAJIHU PEIIeTKU U ThHKU METallHU HaHOMOKpuTus. B Ta3u riasa ca
npencraBenu Haii-3Hauumute TCEs, pa3paboTeHu 10 MOMEHTA, C aKIIEHT BbPXY TEXHUTE OCHOBHH
CBOMCTBA U MPUIIOKEHHSI 32 BUCOKOS(PEKTUBHU CIIbHUYEBH KJIeTKH. OOCHKIAT C€ KOMIIPOMHCHHUTE
CBOICTBa, KaTO OMTHYHATA U eJeKTpudeckaTa nmpoBoaumocT Ha paznuuHu TCEs. [IpenocraBenara
uH(popMaNus IIe CIIYy>)XKH 32 M300p W pa3padOTBaHE Ha IMOAXOJSANIN IMPO3PAYHH EICKTPOAH B
3aBUCHMOCT OT KOHKPETHOTO MPHIOKCHHE.

I'.9.4. S. Sreevidya, K. S. Subramanian, Y. Katre, J. Singh, A. K. Singh, M. Aleksandrova, R.h
Khenata, Green Nanostructures Synthesis and Spectroscopic Characterizations B KOJICKTHBHA
MoHorpadust Nanomaterials for Spectroscopic Applications, 2021, 103-136 , eBook ISBN
9781003160335, Jenny Stanford Publishing — Taylor&Francis, New York, USA

The driving force for the formulation of an eco-friendly green nanoparticles are the powerful
secondary metabolites present in the plant kingdom. In the forthcoming sections, a brief note about
green nanostructural synthesis and its characterization have been explored. The biodegradable plant
kingdom is acknowledged well as a suitable substitute for physical/chemical techniques in the
green nanostructural formulations. Many factors like climatic environment, minerals present,
nature of the soil, pollution, etc., regulate the concentration and the composition of Sec-Met of the
plant. Utilization of plant Sec-Met in technological advancement is visualized for the green
nanostructural fabrication of NPs. Plant's vital Sec-Met present in the above-said species like
sugars, enzymes, polyphenols, flavonoids, terpenoids, fats, alkaloids and others have an essential
part in reduction and capping of the salt-precursors into NPs. The Sec-Met present has stimulated
the research community to interlace the essence of plants with material science, chemistry, and
physics to offer a rustic output.

JlBmkemata cuia 3a (GOpMYJIMPAaHETO Ha €KOJOTMYHM HAHOYACTHIIM Ca MOIIHUTE BTOPUYHU
MeTa0OJIUTH, NMPUCHCTBAILM B PACTUTEIHOTO LIAPCTBO. B cieaBamure pasfenu € pasriiefaHo
KpaTKO H3JI0)KEHHWE OTHOCHO CHHTE3a Ha 3€J€HM HAHOCTPYKTYpU U TAXHATa XapaKTepHUCTHKA.
bropasrpaguMoTO PpacTUTENHO LAPCTBO C€ IPU3HABA KaTo MOAXOJAIl 3aMECTUTEN Ha
(bu3NYeCKUTE/XUMUYHUTE TEXHUKH B ,,3€JIEHUTE  HAHOCTPYKTYpHH (hopmanmu. MHoro daxrtopu,
KaTo KJIMMAaTUYyHaTa cpesia, HAIMYMEeTO Ha MUHEpalid, BUABT Ha MOYBaTa, 3aMbPCSIBAHETO U JIp.,
peryaupar KOHIEHTpalusTa W CbCTaBa Ha BTOPUYHHMTE METAaOOJUTH Ha PACTECHUETO.
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W3non3BaHeTo Ha BTOPUYHM META0OJUTH HAa pACTEHUSATA B TEXHOJOTHMYHUS HANpeIbK €
BU3UOHEPCKU 3a ,,3€JICHOTO” NPOU3BOACTBO HA HAHOYACTULH. KM3HEHOBAXHUTE BTOPUYHU
MeTabOIMTH Ha pacTEeHUsTa, NPUCHCTBAILM B IIOCOYEHHUTE BHJIOBE, KATO 3axapH, EH3UMH,
nonudeHonr, (GIaBOHOUAN, TEPIEHU, MAa3HUHU, ANKAJOUOU WU APYTH, UTPAST BaXKHA POJII B
penyKuusATa W KalupaHeTO Ha COJ-IPEAIIECTBEHHLIMTE B HaHo4acTHLM. IIpucwcrBammure
BTOPUYHU META0OJIUTU Ca BIBXHOBMJIM M3CIel0oBaTe]CcKaTa OOMIHOCT J]a CBBP)KE CHIIHOCTTA Ha
pacTeHusTa ¢ MaTepHaJIO3HAHNETO, XUMUATA U (PU3UKATA, 32 J1a TPEITIOKH MOAXO]] 32 €PEKTHBHO
3aBBPIIBAHE HA TO3HM IIPOLIEC.

E.23.1. Mapus AunekcanapoBa, ydeOHUK ,,[€XHOJIOrMM 3a MHKpPO- W HAHOCHUCTEeMH' —
Nznarencreo Ha TY-Codus, 2023, ISBN: 978-619-167-514-2

B yueOHMKa ca pasrienaHd OCHOBHHTE TEXHOJIOTMYHHM IIPOLIECH 3a pealu3alusiara Ha
MHUKPOCTEKTPOHHU W MHKpoenekTpomexaHuyau cucteMu (MEMC). Jlanenu ca mpumepu 3a
MPUJIOKEHUETO Ha TE3M TEXHOJOTUM B CHBPEMEHHM MPUIIOKEHHUS, KAaTO MHKPOCEH30pU U
MHUKPOAKTyaTOpU B aBTOMOOMITHATA EIEKTPOHUKA, MUKPOCEH30PH 32 U3MEpPBaHE Ha MapaMeTpHUTe
Ha okosHara cpena, MEMC MukpodoHHM, MUKPOAO3HM W MHUKporoMmnH W ap. [lo-KOHKpETHO,
BKJIFOYCHUTE TEMH OOXBamar: Marepuaau, U3MOJA3BaHM B TEXHOJOTHATA Ha MHUKpPO- H
HaHocUCTeMHUTe; BucokoremnepaTypHu NpoLECM U METOAM 332 HAHACSHE HAa THHKU CIIOEBE OT
razoBa ¢asa; TonoJlorudHo (GOpMHpPaHE U CEICKTHUBHO CIIBaHE HA MaTepuaid; TeXHOJOrus Ha
TPUU3MEPHHU CTPYKTYpU B MHUKpPO- W HAHOCHUCTEMUTE; MOHTaXHM MpOLIECH 3a MHKPO- M
HaHOCUCTeMH; TEXHOJIOTHs Ha MUKPO- U HAHOCUCTEMHUTE, pearupailyd Ha HaTUCK, aeopManus u
BuOpauuu. Cenzopu 3a Hanarane. Mukpocdonu. [IpeobpasyBarenu ¢ MOBLPXHOCTHU aKyCTUYHU
BBJIHM; TEXHOJIOTHS Ha aBTOMOOWIIHUTE MHUKpPO- M HAaHOCEH30PH M CUCTeMH; TEeXHOJOTHs Ha
XUMUYHUTE CEH30pH; TEXHOJIOTHS HAa MUKPO- W HAHOAKTYaTOPHUTE EJIEMEHTH. YUEOHUKBT €
MpeAHa3HaueH 3a CTYACHTUTE OT CIEUUaATHOCT ,,MUKpPO-TEXHOJOTUA M HAHOWHXKEHEPHHT Ha
@axynrteT no enekTpoHHa TexHuka U TexHojoruu (PETT) npu TexHuueckus yHUBEPCUTET —
Codus, nzyyaBamy egHOMMEHHATa JUCIUIUIMHA ,, [ €XHOJOTUH 32 MUKPO- U HAHOCUCTEMH ’, HO
MOJK€ J1a U3M0JI3BA U OT CTYJIEHTH OT APYTHU CIEIMATHOCTH, KAKTO U OT JOKTOPAHTH U UHXKEHEPH,
paboreiy B 00J1acTTa Ha TEXHOJOTUUTE B €IEKTPOHHOTO MTPOU3BOCTBO.

The book discusses the main technological processes for fabrication of microelectronic and
microelectromechanical systems (MEMS). It provides examples of the application of these
technologies in modern applications, such as microsensors and microactuators in automotive
electronics, microsensors for measuring environmental parameters, MEMS microphones,
microvalves, micro pumps, etc. More specifically, the included topics cover: Materials used in
micro- and nanosystem technology; High-temperature processes and methods for depositing thin
films from the gas phase; Topological shaping and selective etching of materials; Technology for
three-dimensional structures in micro- and nanosystems; Assembly processes for micro- and
nanosystems; Technology of micro- and nanosystems responding to pressure, deformation, and
vibrations; Pressure sensors; Microphones; Surface acoustic wave transducers; Technology for
automotive micro- and nanosensors and systems; Technology for chemical sensors; Technology
for micro- and nanoactuator elements. The book is intended for students specializing in
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"Microtechnology and Nanoengineering" at the Faculty of Electronic Engineering and Technology
(FEET) at the Technical University of Sofia, studying the subject "Technologies for Micro- and
Nanosystems." However, it can also be used by students from other disciplines, as well as by PhD
students, post-doctoral fellows and engineers working in the field of technology in electronic
manufacturing.

E.24.1. Mapus Anekcanaposa, Kpacumup Jlenuies, ,,PbKOBOICTBO 3a J1a0OPATOPHU YIIPAKHEHHS
o TexHonoruu 3a MuKpo- U HaHocucremu' — M3znatenctBo Ha TY-Codus, 2019, ISBN: 978-
619-167-393-3.

Hacrosimoro pbKOBOACTBO 3a ja0OpaTOpHH yHpakHeHHS Mo “TexXHONIOruM 3a MHKpPO- U
HaHocucteMu” € mpenHasHaueHo 3a cryaeHtute OKC ,maructsp® I Kypc OoT cmenuamHocT
“MHKPOTEXHOJIOTMH U HAHOMH)KEHEPUHTI Ha PaKyNTeT MO €JIEKTPOHHA TEXHUKA U TEXHOJIOTUU
(DETT). PpkoBOACTBOTO € ChOOPA3EHO C M3UCKBAHETO B yUE€OHHUS I1J1aH 3a IPOEKTHO-OPUEHTHPaHa
nporpama. B To3u cMuchi1, 1a60paTopHUTE YIPAXKHEHUS U IPOTOKOJIUTE KbM TSIX ca CbOOpa3eHH
C TEXHOJIOTMYHUTE BBb3MOXHOCTHU B Kareapa ,,MUKpOEIEKTPOHHUKA, KATO CTYJEHTUTE HE IIPOCTO
M3BBPIIBAT HAOIIOIEHHS U ITPOBEXKIAT TEXHOJIOIMYHH MPOLIECH, a IpUJIaraT BCEKH OT MPOLIECUTE
C LeJ1 U3pabOTBAHETO Ha MPOCT MUKPOETIEKTPOHEH eJIeMeHT. [lucuuruiHaTa u3noi3Ba 3HaHus U
yYMEHUs, IPUJOOUTH OT KypcoBeTe IO (U3MKa, XUMHUS U MaTepuano3HaHue. KeM oraenHute
YIpPaXHEHMs ca JaJeHU TUIUYHUTE 33 ChOTBETHATa T€Ma TEXHUYECKU TEPMHHM Ha AHITIMHCKU
€3UK, C LIeJ CTYICHTUTE Ja NPUIOOHMAT YMEHHE CaMOCTOSITENHO Ja ThpCAT MHPOpMaLus IO
KIIIOYOBU yMU. B Kpas Ha NpakTU4ecKOTO cu OOydeHue, CTYJCHTUTE 1Lie ObIaT 3aro3HaTu C
OCHOBHMTE TEXHOJIOIMYHH MPOLEAYPU U IPOLIECH U 1I[e MOTaT TBOPUECKH Jla peliaBaT npoodiaemu,
CBBP3aHU C KOHCTPYUPAHETO U U3TOTBSIHETO HA CbBPEMEHHU MUKPO- U HAHOEIIEMEHTH U CUCTEMH.

This laboratory exercise guide on "Technologies for Micro- and Nanosystems" is intended for first-
year master's degree students specializing in "Microtechnology and Nanoengineering" at the
Faculty of Electronic Engineering and Technology (FEET). The guide is aligned with the
requirements of the curriculum for a project-oriented program. In this sense, the laboratory
exercises and the protocols associated with them are tailored to the technological capabilities of
the Department of Microelectronics, wherein students do not merely perform observations and
conduct technological processes, but apply each of the processes with the aim of creating a simple
microelectronic element. The discipline utilizes knowledge and skills acquired from courses in
physics, chemistry, and materials science. Each exercise includes typical technical terms relevant
to the respective topic in English language, allowing students to develop the ability to
independently search for information by keywords. By the end of their practical training, students
will be familiar with the fundamental technological procedures and processes and will be able to
creatively solve problems related to the design and fabrication of modern micro- and nanoelements
and systems.
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3.31.1. Pandiev, 1., Tomchev, N., Kurtev, N., Aleksandrova, M., Analysis of the Methods for
Realization of Low-Power Piezoelectric Energy Harvesting Circuits for Wearable Battery-Free
Power Supply Devices, Applied Sciences (Switzerland), 2024, 14(11), 4792, ISSN: 2076-3417 (IF

2,5;Q2)

This paper presents a comprehensive review of the design and implementation methods of low-
power piezoelectric energy harvesting circuits, which in the last few years have gained an
extremely large range of applications like the power sources of wearable electronic devices, such
as biometrical sensors. Before examining the electronic circuitries of the self-supplied power
devices, an overview of the structure, equivalent electrical circuits, and basic parameters of the
piezoelectric generators and MEMSs as energy harvesting elements is presented. The structure of
energy storage elements (parallel-plate capacitors and thin-film supercapacitors), suitable for this
type of application, is also presented. The description of these components from an electrical point
of view allows them to be easily workable when connected to the various power conversion
electronic circuits. Based on an overview of the structure and the principles of operation, as well
as some analytical expressions for energy efficiency evaluation, a comprehensive comparative
analysis is presented. Depending on the advantages and disadvantages of the known circuit
configurations, the basic electrical and design parameters are systematized in tabular form.
Practical realizations of piezoelectric power conversion circuits are also presented in graphic form,
ensuring the optimal value of energy efficiency and compactness in the construction of the devices.

IIpencraBeH e u3uepnaTesieH Mperje] Ha METOAUTE 3a IPOEKTUPAHE U PEATU3UPAHE HA CXEMU 3a
JO0OMB Ha €HEePrus OT MAJIOMOIIHU MTUE30€JIEKTPUYHU U3TOUHHUIIHN, KOUTO MPpe3 NOCIETHUTE O JUHH
ca HAMEpPWIM M3KIYUTEIHO LIMPOKO MPUIOKEHHE KaTO 3axXpaHBallld M3TOYHHLM HAa HOCHMU
eJIEKTPOHHH YCTpOiicTBa, Hanpumep 6uocensopu. [Ipenu nsciaeBaHeTO Ha €IEKTPOHHUTE CXEMHU
Ha caM03aXpaHBalIUTe CE yCTPOUCTBATA, € IPEJCTABEH IIPETJIE] Ha CTPYKTypaTa, EKBUBAJICHTHUTE
€JIIEKTPUYECKM CXEMH M OCHOBHMTE IIapaMETpPU Ha IHME30€JIEKTPUYHUTE TEHEpPaTopu U
MUKpoenekTpoMexannynute cuctemu (MEMS) kato enemenTu 3a 100uB Ha eHeprus. [loka3ana e
CBIIIO CTPYKTypaTa Ha eIEMEHTUTE 3a ChbXpaHEHUE Ha eHeprysl (KOHAEH3aTOpH C MapalleIHU MJI0YH
U THHKOCJIOWHHU CYNEPKOHJIEH3aTOpH), MOAXOIALIN 3a TO3U TUIl NpuiokeHus. OnucaHueTo Ha
T€3M KOMIIOHEHTH OT €JIeKTpUYecKa IJie/lHa TOYKa IO03BOJISIBA JIECHO CBBP3BaHE C Pa3INYHUTE
€JIEKTPOHHHM CXEMH 3a NpeoOpa3yBaHe Ha MOIIHOCT. Bb3 OCHOBa Ha 0030p Ha CTpyKTypaTa U
NPUHLMIINTE Ha paboTa, KAaKTO M HSIKOM aHAJIMTUYHU M3pa3sd 3a OLIEHKA Ha eHepruiiHara
e(eKTUBHOCT, € MPEICTaBEeH U34epIaTesIeH CpaBHUTENEH aHAIN3. B 3aBUCHMOCT OT npeaumcTBaTa
U HEIOCTAaThbIUTE HA W3BECTHUTE KOHQUTYpallUd Ha CXEMUTE, OCHOBHHUTE EJIEKTPUYECKH U
MIPOEKTHU TapaMeTpu ca CUCTeMaTH3UpaHu B TaOnuueH BuJ. [IpakThueckurte peanuzanuu Ha
CXEMH 3a MpeoOpa3yBaHe Ha MHE30€IeKTPUUHA EHEPTHUs ca MPEeJACTaBeHU U TpadudHoO.

3.31.2. Shah, S., Bhorde, A., Hase, Y., R Aher, V Doiphode, A Waghmare, A Punde, P. Shinde, S.
Rahane, B. R Bade, H. M Pathan, M. Prasad, M. Aleksandrova, S. P Patole, S. R Jadkar, Role of
Solvents in the Preparation of Methylammonium Bismuth Iodide (MBI) Perovskite Films for Self-
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Biased Photodetector Applications, ACS Applied Electronic Materials, 2022, 4(6), pp. 2793-2804,
ISSN: 2637-6113 (IF 4,3; Q1)

Pb-free metal halide perovskites are excellent light-harvesting materials for photodetector
applications because of their inherent remarkable optoelectronic properties with lower-temperature
processability. However, to date, the realization of device-quality Pb-free metal halide films is still
a great challenge. Here, using a single-step spin coating method, we have synthesized Pb-free
methylammonium bismuth iodide [(CH3NH3)3Bi2lo (MBI)] perovskite films using different
solvents, such as y-butyrolactone (GBL), 2-methoxyethanol (2ME), dimethyl sulfoxide (DMSO),
and N,N-dimethyl formamide (DMF). Furthermore, MBI perovskite films were subjected to
various characterization techniques to investigate and analyze morphological, optical, and
structural properties. The formation of MBI thin films in various solvents was confirmed by XRD
analysis and Raman spectroscopy. As evident from the XRD pattern, MBI belonged to the
P63/mmc space group and had a hexagonal crystal structure. SEM analysis showed that the MBI
film synthesized using different solvents has randomly oriented hexagonal-shaped grains parallel
or orthogonal to the surface of the substrate. The synthesized perovskite films strongly absorbed
light in the visible region with a higher absorption coefficient (~10° cm™) and an optical band gap
of ~1.85 to 2.0 eV, as evident from UV-vis and photoluminescence spectroscopy. TG analysis
showed that MBI perovskites are thermally stable until ~325 °C. It was found that MBI perovskite
films prepared using a 2ME solvent have excellent substrate coverage with the smallest grain size
and excellent optical properties. Finally, a photodetector was fabricated using an MBI perovskite
film, exhibiting the fast rise and decay times of 0.79 and 0.36 s, with a responsivity of ~8.0 x 1072
mA/W and a detectivity of ~5.0 x 10® Jones at a 0 V bias. The present results open up a new avenue
for Pb-free, highly stable MBI perovskites for future selfbiased photodetectors.

be3onoBHNUTE MeTan0-XaJOreHUAHN IIEPOBCKUTH Ca OTJIMYHU MATEPHAIIN 32 yJIaBsIHE HAa CBETJIMHA
B IIPHJIO’KEHUS KaTO (POTOAETEKTOPH, OJIaroiapeHue Ha TEXHUTE 3a0€J1eKUTETHU ONTOSIEKTPOHHH
CBOWCTBA M Bb3MOXKHOCTTA 32 00pabOTKa IpH MO-HUCKU TeMIepaTypu. Beipeku ToBa, 10 MOMEHTa
peanu3upaHeTo Ha ClIoeBe OT O€30JIOBHM MaTepHald € KayecTBO, MOAXOJAIIO 3a PEaTHo
YCTPOMCTBO BCE OILIE MPEACTABIABA IOJIAMO NPEAU3BUKATEICTBO. B TO3M KOHTEKCT, N3MIOI3BANKU
METOJl Ha IEHTPO(PY3HOTO HAHACSAHE Ca CUHTE3WpaHU OE€30J0BHU IEPOBCKUTHU CIOEBE OT
MetunamonueB oucmyteH Honun [(CH3NH3)3Bizlo (MBI)] ¢ pasnuunu pa3tBoputenu, Kato y-
oytuponakton (GBL), 2-metokcueranon (2ME), mumeruncyndpoxcun (DMSO) u N,N-
mumetunopmamu (DMF). Ocen ToBa, MBI nepoBckUTHUTE MOKpUTHS OsiXa MOJUIOKEHH Ha
pa3IMYHM TEXHUKH 32 XapaKTEpUCTUKH, 3a Jla Ce M3CIeABaT U aHaIM3UpaT MOpP(OIOrMYHUTE,
ONTUYHUTE U CTPYKTYpHU cBoiicTBa. OOpasyBaHeTto Ha ThHKMTe MBI crmoeBe B paznuyau
pa3TBOPUTENH € MOTBBPACHO upe3 peHTreHoBa audpakmuus (XRD) u PamanoBa cniekTpockomnusi.
Kakto e Buano ot XRD cnekrbpa, MBI npunaqiexu kbM npocrpancTBeHara rpyna P63/mmc u
MMa XeKCaroHajHa KPUCTAIIHA CTPYKTYpa. AHAIM3BT € €IEKTPOHEH MUKPOCKOIT Moka3Ba, ye MBI
CIIOSIT, CUHTE3WpaH C IOMOINTAa Ha Pa3IMYHU Pa3TBOPUTENH, MMa CIy4yailHO OpHUEHTUPAHU
XEKCaroHaJIHW 3bpHA, MapajlieTHU €JHM Ha JPyr'M U OPTOTOHAJIHM Ha MOBBPXHOCTTa Ha
noJytokkara. Te ciuiiHO abcopOupaT CBETIMHA BbB BUAUMUS CIEKTHP € MO-BUCOK KOS(UIIMEHT Ha
abcop6ims (oxono 103 cm™) u ontuuna 3a6paHena 3oHa oT mpuomMuTenHo 1.85 10 2.0 €V,
KakbBTO € pesyararbT or UV-VIS wu  ¢doTonymuHecueHTHaTa  CHEKTPOCKOIUS.
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TepmorpaBuMeTpuUHUAT aHAIN3 TI0Ka3a, ye MBI nepoBckuTHTE Ca TEPMUUYHO CTAOMIIHU 110 OKOJIO
325 °C. YcraHoBeHo €, ue MBI nepoBckuTHH Cll0€BE, U3TOTBEHU C IIOMOLITA Ha Pa3TBOPUTEIN
2ME, umar oTiau4Ha NOKPUBHOCT Ha MOJUIOKKAaTa ¢ Hall-MaJKU pa3MepU Ha 3bpHATA U OTJIMYHU
onTu4HU cBoiicTBa. Hakpas, 6e uzpaboren doromerexrop, nznonssam MBI neposckute cioese,
KONTO AeMOHCTpHpa Obp3H BpeMEHa Ha HapacTBaHE M CliajaHe Ha ppoHTa HA (OTOMHIYLIUPAHUS
ToK — chotBeTHO 0,79 u 0,36 s, ¢ uyBcTBUTENHOCT OT OoKoyo 8.0 X 102 mA/W u rpanuna Ha
nerexnus oT okono 5.0 x 10% Jones. Tlomydyenure pe3ynaTaTd OTBAapsAT HOBH BBH3MOXKHOCTH 32
6e3010BH MBI niepoBckuTH 3a OBACIIN caMO3axpaHBaIIX c€ (POTOIETEKTOPH.

3.31.3. M. Baid, A. Hashmi, B. Jain, A. K. Singh, M. A. B. H. Susan, M. Aleksandrova, A
comprehensive review on Cu2ZnSnS4 (CZTS) thin film for solar cell: forecast issues and future
anticipation, Optical and Quantum Electronics, 2021, 53(11), 656, ISSN: 03068919 (IF 2,7; Q2)

Past few decades, light absorbing materials based on CulnGaSe, and CdTe have been used for
fabrication of thin film solar cells. But main issues arising from these absorbers are the limited
availability and toxicity of some of their constituents, viz. In, Cd, and Te. At present, light
absorbing materials based on CuxZnSnS4 (CZTS) is a best alternative to develop low cost and
environmentally friendly component for next generation thin film solar cells. CZTS and their
selenium alloy based devices showed the necessary potential for the development of thin film solar
cells (TFSCs). There have been numerous attempts to synthesize TFSCs based on CZTS absorber.
Various techniques available to deposit thin film absorber layer rely on vacuum and non-vacuum
based methods. In this review, we focused on various deposition methods, their shortcomings and
potential improvement for deposition of CZTS thin film. We have also addressed various
parameters that affect CZTS thin film and its device performance including condition of annealing,
variation of composition and doping of different elements. Finally, we have discussed the
challenges and approaches for resolving the issue in the synthesis of CZTS based thin film solar
cell.

[Ipe3 mocnenHUTE HAKOJIKO JECETUIETHS, BiIaroabcopoupaiute matepranu Ha 6aza CulnGaSe;
CdTe ca Ounu M3MOA3BaHU 3a MPOU3BOACTBOTO HA THHKOCIOWHU CITBbHUEBH KJIETKU. OCHOBHUTE
npoOeMu, TPOU3THYIAIIN OT T€3U abcopOaTOpH, ca OrpaHMUYECHATa HATUYHOCT U TOKCUYHOCTTA Ha
HSAKOM OT TEXHUTE ChcTaBkH, a uMeHHO In, Cd u Te. B momenTa, BaroabcopOupariute MaTepuain
Ha Oaza CuxZnSnSs (CZTS) mpencraBnsBar Hail-moOpara ajiTepHaTHBa 3a pa3paboTBaHe Ha
€KOJIOTMYHO YUCT KOMIIOHEHT Ha HUCKA 1I€Ha 3a CJIe/IBal0TO MOKOJIEHHE ThHKOCIONHH CIbHUEBH
KJIeTku. YcrpoiictBata Ha 6a3za CZTS u TsAxHaTa cejeHOBa CIUIaB TOKa3BaT HEOOXOIUMHUS
MOTEHLIMa] 3a pa3BuUTHETO Ha ThHKocHoWHM cibHYeBH KieTku (TFSCs). bsaxa wnanpasenu
MHOroOpoitan onutu 3a cunre3 Ha TFSCs, ocHoBaBamu ce Ha abcopbep CZTS. Paznuunute
TEXHHUKH 332 HAHACSHE Ha ThHKOCIONHUS abcopOep pa3uuTaT Ha BAKYYMHU U He-BaKyyMHH METOTH.
B 1031 0030p, GOKYCHT € BHPXY pa3NUYHUTE METOJIM Ha HAHACSHE, TEXHUTE HEJOCTaThIN U
MOTEHIIUATHU TOJJOOPEeHUs 3a HaHacsHe Ha ThHKU cinoeBe oT CZTS. OO0cwxaame ChIlo pa3TudHu
napaMmeTpH, KOUTO BIUSAT Ha ThHKUA clioil CZTS u HeroBara nMpou3BOJAUTEIHOCT, BKIIOYUTEIHO
yCIIOBUSITA Ha OTTpsIBaHE, U3MEHEHHsI B ChCTaBa M JICTUPAHETO C pa3NW4HU eleMeHTH. Haxkpas,
pasriiexaaMe MpeAn3BUKATEICTBAaTa U MOAXOAUTE 3a pa3pellaBaHe Ha MpobdieMa Mpyu CUHTe3a Ha
THHKOCIIOWHH CIThbHUEBH KJIeTKH Ha 6aza CZTS.
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3.31.4. I Pandiev, H Antchev, N Kurtev, N Tomchev, M _Aleksandrova, Analysis and Design of
Low-Power Piezoelectric Energy Harvesting Circuit for Wearable Battery-Free Power Supply
Devices, Electronics 14 (1), 46, 2025, ISSN: 2079-9292 (IF 2,65 Q2)

Improving microelectronic technologies has created various micro-power electronic devices with
different practical applications, including wearable electronic modules and systems. Furthermore,
the power sources for wearable electronic devices most often work with electrical energy obtained
from the environment without using standard batteries. This paper presents the structure and
electrical parameters of a circuit configuration realized as a prototype of a low-power AC-DC
conversion circuit intended for use as a power supply device for signal processing systems that test
various biomedical parameters of the human body. The proposed prototype has to work as a
wearable self-powered system that transfers electrical energy obtained through mechanical
vibrations in the piezoelectric generator. The obtained electrical energy is used to charge a single
low-voltage supercapacitor, which is used as an energy storage element. The proposed circuit
configuration is realized with discrete components consisting of a low-voltage bridge rectifier, a
low-pass filter, a DC-DC step-down (buck) synchronous converter, a power-controlling system
with an error amplifier, and a window detector that produces a “power-good” signal. The power-
controlling system allows tuning the output voltage level to around 1.8 V, and the power dissipation
for it is less than 0.03 mW. The coefficient of energy efficiency achieved up to 78% for output
power levels up to 3.6 mW. Experimental testing was conducted to verify the proposed AC-DC
conversion circuit’s effectiveness, as the results confirmed the preliminary theoretical analyses and
the derived analytical expressions for the primary electrical parameters.

[TonoOpsiBaHeTO Ha MUKPOENEKTPOHHUTE TEXHOJIOTUU € JOBEJO J0 CHh3JaBAHETO Ha Pa3IUYHU
MUKPOMOIITHU €JIEKTPOHHU YCTPOWMCTBA C PA3JIMYHHU MPAKTUYECKU MPUTIOKEHUS, BKIIOYUTEITHO
HOCUMHU €JIEKTPOHHHU MOJYJIM U CUCTEMH. B 1onbIIHEHNE, N3TOYHUIIMTE Ha 3aXpaHBaHE 32 HOCUMHU
€JIIEKTPOHHH yCTPOMCTBA Hail-uecTo padoTAT C eNeKTpHUUecKa eHeprus, MojlyuyeHa OT OKOJHATa
cpena, 6e3 1a U3Moy3BaT CTaHAapTHH OaTepuu. B HacTosmaTa cTaTHs € IpeJcTaBeHa CTPyKTypara
U eJeKTPUUYECKUTE TMapaMeTpu Ha KOH(UTypalus Ha CXeMa, pealM3hpaHa KaTro MPOTOTHUIl Ha
MajJoOMOIIHA CXema 3a MpeoOpa3yBaHe OT MPOMEHJIMB TOK B IOCTOSHEH, MpeAHa3HaueHa 3a
M3MOJI3BaHe KaTo 3aXpaHBallo YCTPOIMCTBO 3a cCCTEMH 32 00pabOoTKa Ha CUTHAJIH, KOUTO H3MEpPBAT
pa3IMYHA OMOMEIUIIMHCKH MMapaMeTpy Ha YOBEIMIKOTO Tsu1o0. [IpeanosxkeHusT mpoToTun TpsaodBa aa
(yHKIIMOHMpA KAaTO HOCMMAa CaMO3axpaHBallla CE€ CHUCTEMa, KOSATO MPEXBBPJS €IeKTpUuYecKa
EHEeprus, MoJyyeHa Ype3 MEXaHWYHU BUOpAIMH B MHUE30€JIeKTpUuHUs reHeparop. [lomydenara
eJIEKTpUYecKa €HEeprusi ce M3MOJ3Ba 3a 3apek/aHe Ha €IMH HUCKOBOJITOB CYNEPKOHJIEH3aTop,
KOWTO CIIY)XKM KaTo €JEMEHT 3a ChXpaHeHHe Ha eHeprus. [lpemioxeHata KoHdUrypamus Ha
cxemara € pealu3upaHa C JUCKPETHU KOMIIOHEHTH, CBHCTOSIIIM C€ OT HHUCKOBOJITOB MOCTOB
U3MpaBUTEN, HUCKOYECTOTeH GuaThp, cuaxpoHeH DC-DC nonmxkasai nmpeodpasyBaren, cuctema
3a KOHTPOJI Ha MOIIHOCTTA C YCHJIBATell Ha Ipellka U JeTeKTOp 3a CTa0MIM3alus Ha U3XOJHUTE
curianu. Cucremara 3a KOHTPOJ Ha MOIITHOCTTA [T03BOJIsIBA HACTPOIIBaHE HA HUBOTO HA U3XOAHOTO
HanpexkeHue 10 okono 1,8 V, a pasceilBaneTo Ha MomHOcTa € mno-maiako or 0,03 mW.
KoedurmenTsT Ha eHepruitHa eeKTUBHOCT TOCTUTA 10 78% TPH W3XOAHU MOIIHOCTHHU HUBA JI0
3,6 mW. IIpoBeneHu ca eKCIEpPUMEHTATHH TECTOBE 3a MpOBepKa Ha e(EeKTHUBHOCTTa Ha
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npeajoKEeHaTa CX€Ma, KaTo PE3YJITaTUTEC NOTBbpANXA NPEABAPUTCIIHUTEC TCOPETUIHN aHATIU3U U
HU3BCACHUTC aHAJIMTUYHU U3Pa3u 3a OCHOBHUTC CIICKTPUYICCKU MMApaMCTPH.

3.31.5. Shahi, K., Singh, R.S., Singh, J., Aleksandrova, M., Singh, A.K., Synthesis of Ag
Nanoparticle-Decorated ZnO Nanorods Adopting the Low-Temperature Hydrothermal Method,
Journal of Electronic Materials, 2020, 49(1), pp. 637-642, ISSN: 0361-5235 (IF 1,9; Q2)

Vertically aligned and highly dense Zinc oxide (ZnO) nanorods (NRs) have been successfully
synthesized by a two-step hydrothermal method and decorated by silver (Ag) nanoparticles (NPs)
via a dip coating technique. Absorption spectra indicate the presence of metal Ag NPs. The
photoluminescence (PL) spectrum of as-grown ZnO nanorods shows ultra violet (UV) emission
centered around 390 nm and a sharp defect-related emission peak around 580 nm. The presence of
Ag NPs on the ZnO NRs shows a significant red shift in PL peak position in the visible region and
a complete quenching of UV emission. The changes in UV—-Vis and PL spectra of ZnO NRs
decorated with Ag metal NPs are studied and discussed.

BeprukanHo noapeneHy U ¢ BUCOKa IIIBTHOCT HaHOXKHMUYKUU (NRs) oT nuHkoB okcun (ZnO) ca
YCHEIIHO CUHTE3UPaHM Ype3 JIBYCTAJUEH XUIPOTEPMajleH METOJ U JIEKOPUPAaHU ChC CPeOBPHU
(Ag) nanowactuu (NPs) ¢ momomra Ha XxuMudeH nporec. CrnekTpure Ha abcopOLus OKa3BatT
npuchkcTBreTo Ha MetanHu Ag NPs. CnexktspbT Ha (oTomymunecuenus (PL) nHa u3pacHamute
ZnO HaHOXMIUKHK ToKa3Ba ynTpaBuosieroBo (UV) u3mpuBane, neHtpupaHo okojo 390 nm, u
OCTBp MUK Ha JIePEKTHO-CBbP3aHO M3 IbuBaHe okoso 580 nm. IIpuckcTBuero Ha Ag NPs Bbpxy
ZnO NRs noka3Ba 3HaYUTEJIHO W3MECTBAaHE Ha No3uluATa Ha PL muka B BUOUMUS CIEKTHp B
IIOCOKAa KBbM JIBJITOBBJIHOBHUS 00XBaT M IbJIHO notuckane Ha UV usnbuBanero. M3cnensBanu u
oOcheHu ca npuunHuTe 3a npomenute B UV-suaumure u PL cnextpu Ha ZnO NRs, nexopupanu
cbc cpeObpHU NPs.

3.31.6. BS Blagoev, M_Aleksandrova, P Terziyska, P Tzvetkov, D Kovacheva, G Kolev, V
Mehandzhiev, K Denishev, D Dimitrov, Investigation of the structural, optical and piezoelectric
properties of ALD ZnO films on PEN substrates, Journal of Physics: Conference Series, 2018,
992(1), 012027, ISSN: 1742-6588 (SJR 0,22)

We present the results of studies on the structural, optical and piezoelectric properties of ZnO thin
films deposited by ALD on flexible polyethylene naphthalate (PEN) substrates. Changes were
observed in the optical transmission and crystal structures as the deposition temperature was varied.
The electromechanical behavior, dielectric losses and voltage generated from ZnO flexible devices
were investigated and discussed, in order to estimate their suitability for potential application as
microgenerators activated by human motion.

IIpencraBenn ca pe3yaTaTUTe OT M3CIEABAHHUATA HA CTPYKTypHHUTE, ONTHUYHUTE U
MUE30€JIEKTPUYHUTE CBOMCTBA HAa THHKHM cjl0eBe OT Zn(O, HAHECEHW 4pe3 aTOMHO IIOCIOWHO
oTJaraHe Ha I'bBKaBM NOJUIOKKH OT nosnueTmiieH HapTanat (PEN). HabmonaBaxa ce mpoMmeHu B
ONTUYHOTO MPOITyCKaHEe U KpUCTAIHATA CTPYKTypa MpU MpOMsHA Ha TeMIepaTypaTa Ha HaHaCsHE.
W3cnenBanu U OOCHIIEHH ca €IEKTPOMEXAHMYHOTO IOBEJACHHUE, UEICKTPUYHUTE 3aryou Hu
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HAMpEKEHUETO, FEHEPHUPAaHO OT I'bBKAaBUTE ycTpoicTBa oT ZnO, ¢ 1ea Aa ce OLEHU TsAXHaTa
MPUTOAHOCT 3a IMOTECHLHUAIHO NPUIOKEHUE KAaTO MHUKPOTEHEPATOPHU, aKTUBUPAHU OT YOBEUIKO
JIBIKCHHUE.

3.31.7. Kotsilkova, R.; Georgiev, V.; Aleksandrova, M.; Batakliev, T.; Ivanov, E.; Spinelli, G.;
Tomov, R.; Tsanev, T. Improving Resistive Heating, Electrical and Thermal Properties of
Graphene-Based Poly(Vinylidene Fluoride) Nanocomposites by Controlled 3D Printing,
Nanomaterials, 2024, 14, 1840, ISSN: 2079-4991 (IF 4.3, Q1).

This study developed a novel 3D-printable poly(vinylidene fluoride) (PVDF)-based
nanocomposite incorporating 6 wt% graphene nanoplatelets (GNPs) with programmable
characteristics for resistive heating applications. The results highlighted the significant effect of a
controlled printing direction (longitudinal, diagonal, and transverse) on the electrical, thermal,
Joule heating, and thermo-resistive properties of the printed structures. The 6 wt% GNP/PVDF
nanocomposite exhibited a high electrical conductivity of 112 S‘m™! when printed in a longitudinal
direction, which decreased significantly in other directions. The Joule heating tests confirmed the
material’s efficiency in resistive heating, with the maximum temperature reaching up to 65 °C
under an applied low voltage of 2 V at a raster angle of printing of 0°, while the heating Tmax
decreased stepwise with 10 °C at the 45° and the 90° printing directions. The repeatability of the
Joule heating performance was verified through multiple heating and cooling cycles, demonstrating
consistent maximum temperatures across several tests. The effect of sample thickness, controlled
by the number of printed layers, was investigated, and the results underscore the advantages of
programmable 3D printing orientation in thin layers for enhanced thermal stability, tailored
electrical conductivity, and efficient Joule heating capabilities of 6 wt% GNP/PVDF composites,
positioning them as promising candidates for next-generation 3D-printed electronic devices and
self-heating applications.

B ToBa m3cnenBaHe e pa3pabOTeH HOB HAHOKOMIIO3UT Ha 0a3a MOJU(BUHWIMACH (IIyOopund)
(PVDF), komito BrimouBa 6 wt% rpadenoBu HanormnactuHku (GNPs) ¢ mporpamupyemu
XapakTepuCcTHKU 3a 3D-nevar u npusokeHus B pe3UCTUBHO HarpsBaHe. Pesynrarure noguepraBat
3HAUUTENHNA €(QeKT Ha KOHTPOJIMPAHOTO HAIpaBieHHE Ha MeyaT (HaJIbXKHO, JAUArOHaIHO M
HaIPEYyHO) BbPXY €JEKTPUUECKUTE, TEPMUUHUTE, J[>)KayI0BUTE HarpeBaTEIHU U TEPMOPE3UCTUBHU
CBOIcTBa Ha oTnedaraHutTe cTpykrypu. Hanokomnosutst 6 wt% GNP/PVDF noxaspa Bucoka
elleKTpuyecka MpoBoguMmocT oT 112 S'm™! mpu mewar B HampeyHo HampaBlIeHHE, KOSTO
3HAYUTEIIHO HaMallsiBa B IpyruTe HamnpasieHus. TectoBere 3a J»aynoBo HarpsiBaHe MOTBbpIUXA
e(eKTUBHOCTTa Ha MaTepualla B PE3MCTUBHOTO HArpsiBaHe, KaTO MaKCHUMallHaTa TemIepaTrypa
noctura 10 65 °C npu NpUIIOKEHO HUCKO HampexeHue oT 2 V mpu brbi Ha nedar 0°, qokato
HarpsiBaHeTo Tmax HamansiBa crpnanoBuaHo ¢ 10 °C mpu nedatHu HampasiieHus oT 45° u 90°.
[ToBropsiemocTTa Ha J[XaynoBOoTO HarpsiBaHe Oellle MOTBBbPACHA Ype3 MHOXKECTBO IMKJIM Ha
HarpsiBaHe M OXJIAXJAaHE, JEMOHCTPUPANKM KOHCHCTEHTHM MaKCHUMAJHHM TEMIIEpaTypu IpHU
pasnuuHu TecToBe. M3cnensan e ehekTsT OT AedennHaTa Ha Mpodara, KOHTPOJIMpaHa OT Opos Ha
OTIIEYaTaHUTE CJIOEBE, a PE3yJTAaTUTE MOoJYepTaBaT NpeAuMcTBaTa Ha Iporpamupyemara 3D
reJyaTHa OpHEHTAalMs B THHKUTE CIIOEBE 3a MOAOOpeHa TepMHMYHA CTAaOMIIHOCT, aJanTHpaHa
eJIEKTpUYECKa MPOBOJUMOCT M €(pEeKTUBHH CIIOCOOHOCTH 3a JIKaynoBO HarpsiBaHe Ha 6 wt%
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GNP/PVDF koMmrio3utu, MO3UIMOHUPAWKK TM KaTo oOOeIaBallyd KaHAWJATH 3a CIICIBAIIOTO
nokoseHue 3D-reyaTHu eNeKTPOHHH YCTPOUCTBA U MPUJIOKEHUS 32 CAMOHArpsiBaHe.

3.31.8. Tsounidi, D.; Petrou, P.; Aleksandrova, M.; Tsanev, T.; Tserepi, A.; Gogolides, E.;
Bernasik, A.; Awsiuk, K.; Janiszewska, N.; Budkowski, A.; Raptis, 1., Carbyne-Enriched Carbon
Coatings on Silicon Chips as Biosensing Surfaces with Stable-over-Time Biomolecule Binding
Capacity. Nanomaterials 2025, 15, 1384, ISSN: 2079-4991 (IF 4.3, Q1).

Carbyne-containing materials offer significant potential for biosensor applications due to their
unique chemical and mechanical properties. In this study, carbyne-enriched carbon coatings
deposited on SiO»/Si chips using ion-assisted pulse-plasma deposition were evaluated for the first
time as substrates for optical biosensing. At first, the carbyne-enriched coatings were characterized
by X-ray photoelectron spectroscopy, Raman spectroscopy, Atomic Force Microscopy, and the
sessile drop method to assess their composition, structure, and wettability. After that, chips with
carbyne-enriched coatings were modified with biomolecules through physical absorption or
covalent bonding, and the respective biomolecular interactions were monitored in real-time by
White Light Reflectance Spectroscopy (WLRS). In both cases, SiO2/Si chips modified with an
aminosilane were used as reference substrates. Physical adsorption was tested through
immobilization of an antibody against C-reactive protein (CRP) to enable its immunochemical
detection, whereas covalent bonding was tested through coupling of biotin and monitoring its
reaction with streptavidin. It was found that the carbyne-enriched carbon-coated chips retained both
their antibody adsorption capability and their covalent bonding ability for over 18 months, while
the modified with aminosilane SiO2/Si chips lost 90% of their antibody adsorption capacity and
covalent bonding ability after two months of storage. These findings highlight the strong potential
of carbyne-enriched carbon-coated chips as robust biosensing substrates, with applications
extending beyond WLRS.

Matepuanure, chAbpKalld KapOWH, MpeasiaraT 3HAuYWTENEeH IOTEHIMal 3a TNPUIOKEHUS B
OMOCeH30pU TMOpaayd YHUKAJIHUTE CH XMMUYECKM W MEXaHWYHU CBOMCTBa. B HacrosmoTo
n3cieaBaHe KapOMHOBO 000TraTeHU BBIJIEPOJAHU MOKPUTHSL, HaHECEHH BbpXY S102/S1 unnose upes
HMOHHO MOANOMaraHo UMITyJICHO IIJJa3MEHO HaHacsiHe, 0sXa OIIEHEHHU 3a TbPBU BT KaTO MOJI0KKI
32 ONTUYHM OuoceH3opu. IIbpBoHauanHO, KapOMHOBO 0OOraTeHUTE NOKPUTUS Osixa
XapaKkTepU3MpaHU Ype3 peHTreHOBa (OTOENIEKTPOHHA CIIEKTpOCcKomusi, PaMaHoBa crieKTpocKomnusl,
aTOMHO CHJIOBa MUKPOCKOMHS U METOJIa ,JieKallara Kamnka®, 3a J1a ce OLEHSIT TEXHUTE ChCTaB,
CTPYKTypa U OMOKpsiema criocoOHocT. Cies ToBa, YUIOBETE ¢ KapOMHOBO 00OraT€HU MOKPUTHUS
0s1xa Mo uIIpaHu ¢ OMOMOJIEKYJIN Upe3 pu3nyecKa ajcopOIus WIM KOBAJIEGHTHO CBbP3BaHE, a
ChOTBETHUTE OMOMOJIEKYJIIPHU B3auMOJIeHicTBUA Os1Xa HaOII0/1aBaHU B peaTHO BpeMe C MOMOIITa
Ha CIIEKTPOCKOMHs Ha oTpakeHue Ha Osma cBernuHa (WLRS). B nBata cimyuas uumnose Si02/Si,
MOTUGUIMPAHU C aMUHCHIIAH, OsXa M3MOJ3BaHM KaTo pedepeHTHH MOMIOXKKU. DPumueckarta
ajzicopb1us Oellle TeCTBaHa ype3 UMOOUIIM3aIMs Ha anTuTeNa cpeity C-peaktuBeH npoteuH (CRP),
3a J1a ce M03BOJIM HETOBOTO MMYHHO XMMUYHO OTKPUTHE, JOKAaTO KOBAJEHTHOTO CBbp3BaHe Oerile
TECTBaHO 4Ype3 CBbp3BaHE Ha OMOTHMH M HAOJIOJaBaHE HA PEAKLUUATA MYy ChC CTPUIITABUAMH.
VYCcTaHOBEHO €, Ye YMIIOBETe ¢ KapOMHOBO 00OraTe€HO BBITIEPOJHO MOKPHUTHE 3ama3BaT KaKTo
CIOCOOHOCTTA CH 32 a/1cOpOIMs HAa aHTUTEJNA, TaKa U CIOCOOHOCTTA CH 32 KOBAJIEHTHO CBbpP3BaHE
B NpOABJDKEHUE Ha Haja 18 mecema, nokaro Moauduuupanute ¢ amuHcwiad SiO2/Si yumose
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3aryouxa 90% ot xamamurera cH 3a afcopOIHs Ha aHTHTENA U CHOCOOHOCTTA CH 32 KOBAJICHTHO
CBBp3BaHE CIEJl JIBa Mecella ChXpaHeHue. Te3n HaxOAKH MOJYepTaBaT CUJIHUS MOTEHIMAT Ha
YHUIIOBETE C KapOMHOBO 00OOraTe€HO BBIJICPOJHO MOKPHTHE KATO HAISKIHU IOUIOKKH 3a
OMOCEH30PH.

3.31.9. M. Aleksandrova, S. Andreev, Design Methodology and Technological Flow of Screen-
Printed Thick-Film Sensors, /EEE Sensors Journal, vol. 22, no. 11, pp. 10126-10136, 2022, ISSN:
1530-437X (IF 3.7, Q1).

In this paper, the design considerations and basic equations related to thick-film screen-printed
sensing devices are included. The geometry of the device and the patterns of the functional sensing
film, or of the electrodes are taken into account for the determination of the operational frequency,
noise voltage, quality factor and other key parameters, related to the proper work of the resistive,
capacitive and surface acoustic wave based sensors. The determination of some parasitic
components and possible errors is also provided. The focus is put on the most widely spread coating
patterns related to this technology - meander and comb-shaped. The technology flow chart of the
screen-printing technology is given and the approaches for fine-tuning the resistance at the thick-
film resistive sensors are discussed. Comparison of the typically used materials for substrates,
resistive, conductive, and dielectric coatings is made. Criteria for the selection of the different
pastes or inks for specific applications are mentioned.

B Tasu cratus ca BKJIIOYEHH MPOEKTHU CHOOPAKEHUS M OCHOBHU YPaBHEHHMsI, CBbP3aHHU CbhC
CEH30pHU YyCTpoiicTBa C naebenu cioeBe, NPUHTUPAHH 4Ype3 curomedar. [eomerpusita Ha
(GYHKIIMOHATTHUSL CEH30PEH CJIOM M Ha E€JIEKTPOJUTE Cce B3eMaT MPEABHJ MPU OMPEISISIHETO Ha
paboTHaTa 4ecToTa, NIyMOYCTOMYMBOCTTA, KAUeCTBEHUS (PAKTOp U APYTH KIIOUOBU MapameTpH,
CBBbp3aHU C NpaBUIHaTa paboTa Ha PE3UCTUBHU, KANAUTUBHU M Oa3upaHU Ha MOBBPXHOCTHU
AKyCTUYHU BBJIHU CEH30pH. lIpencraBeHn ca METOOUTE 3a ONPEAEISHETO HAa HAKOU IApa3UTHH
KOMIIOHEHTH ¥ BB3MOXKHU TpEIIKH. AKIEHTHT € IIOCTaBeH BBPXY Hal-pa3snpoCTpaHEHUTE
reOMEeTpUM Ha TOKPUTHUS, CBBP3aHU C Ta3W TEXHOJOTUS — MEAaHApPOBU U rpedeHdatu (Gopmu.
JlaneHa e TeXHOJOrMYHaTa CXeéMa Ha Ipolleca Ha CHUTONedYaT M ca OOCHJIEHU MOIXOAUTE 3a
MPELM3HO PEryIupaHe Ha ChIIPOTUBICHUETO IIPU PE3UCTUBHU CEH30pU ¢ eden cioil. Hanpaseno
€ CPaBHEHME Ha TUIIMYHO W3IIOJI3BAHUTE MATEPHAIN 32 MOJJIOXKKH, PE3UCTUBHU, NMPOBOJUMH U
TUENIEeKTPUYHU OKPUTHUS BbB BUJ Ha acTH. M3ThKHATH ca KpUTEepHUH 3a U300p Ha pa3InYHU ACTH
WJIY MacTUJIa 32 KOHKPETHU MPUIIOKEHUS.
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