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B4.1. I Bineva, D Nesheva, B Pejova, M Mineva, Z Levi and Z Aneva “Annealing induced changes in
ternary nanostructured Zn,Cd,~Se thin films: structure and morphology™ Journal of Physics:
Conference Series 398 (2012) 012015

Single layers of Zn:Cdi.xSe with various compositions (x = 0.39, 0.59 and 0.8) were prepared by thermal vacuum
evaporation at room substrate temperature. Consecutive deposition of small portions of ZnSe and CdSe with
equivalent thickness of 0.12 or 0.37 nm was applied. X-ray diffraction and atomic force microscopy
measurements were applied to explore the evolution of the crystal structure, microstructure, composition and
surface morphology upon furnace annealing at 200 °C and 400 °C in an inert atmosphere. It has been found that
as-deposited films were nanocrystalline with a grain size of around 10 nm and cubic structure. Upon annealing
the size increased approximately three times and the cubic structure was preserved; no appearance of wurtzite
phase was observed. It has been also ascertained that annealing caused significant reduction of the film surface
roughness. Atomic force microscopy phase images revealed existence of a second phase on the surface of as-
deposited films which disappeared after annealing. The effect of the preparation conditions on the film properties
and annealing induced changes is discussed.

Enunnann cnoese Zn,Cd,.Se ¢ pasanunn cwetasu (x = 0.39, 0.59 u 0.8) Oaxa noaydeHH upes TEPMUYHO
BaKyyMHO H3MapfABaHe Mpu cTaiiHa Temrneparypa Ha NoIoKKaTta, [IpuoskeHo e NocaenoBaTeNHo oTiaraHe Ha
Malikn nopunn ZnSe v CdSe ¢ exsusanentHa aedennna ot 0,12 unu 0,37 nm. Baxa u3non3eanu U3MEPBAHHA C
PEHTIeHOBA AH(PAKLMA M ATOMHO-CHIIOBA MHKPOCKOMUS 33 3 Ce W3CAeaBa eBOMIOLMATA Ha KpUcTanHaTa
CTPYKTYpd, MUKPOCTPYKTYpaTa, ChCTaBA W MOBbLPXHOCTHATA MOpdosorus npu oTrpsisate B newwt npn 200 °C u
400 °C B nnepTHa aTMocdepa. YCTaHOBEHO e, Ue OTIOKEHHTE CTOEBE Ca HAHOKPHCTAHH € pa3Mep Ha 3LPHOTO
okono 10 nm u kyGuumna cTpykTypa. Ilpn oTrpssane pasMepBT ce yBeaH4aBa NpHOIUIMTENHO TPH MbTH U
KyOWuHaTa CTPykTypa ce 3ama3Ba; He ce HaONOAaBa nosBa Ha BlOpuMTHA (asza. YCTaHOBEHO € CblIo, ue
OTTPABAHCTO MPHUMHABA 3HAMHTENHO HAMANABAHE HA rpamaBoCTTa Ha MOBBLPXHOCTTa Ha (uima. DazosuTe
n300pakeHus Ha ATOMHO-CHIIOBATA MUKPOCKOTHS Pa3skpuBaT CBLIECTBYBAHETO HA BTOpa (hasa Ha MOBLPXHOCTTA
Ha TIPACHO OTJIOKEHHTE CIIOCBE, KOWTO HM3ue3BaT cied oTrpspaHe. OGChieH € edekThT OT ycioBuaTa Ha
nosydaBaHe BbpXy CBOWCTBATA HA CJIOA M NIPOMEHHTE, TIPEIH3BUKAHU OT OTrPABAHE,

B4.2. I Bineva, A. Dinescu, D. Nesheva, M. Danila, Z. Aneva. Z. Levi. R. Muller, “Effects of the
preparation conditions and furnace annealing on the structure and morphology of Zn, sCdg >Se thin
films™ CAS 2013 proceedings, Vol.1 , pp 127-132.

Single layers of Zn, «Cd, »Se were prepared by thermal vacuum evaporation at room substrate temperature. Two
groups of samples with the same composition were produced by applying consecutive deposition of ZnSe and
CdSe sublayers with nominal thickness of 0.12 and 0.37 or 0.08 and 0.23 nm, respectively. Atomic Force
Microscopy (AFM), Scanning Electon Microscopy (SEM) and X-ray diffraction (XRD) measurements were
performed to explore the evolution of the crystal structure, microstructure, composition and surface morphology
with the change of preparation conditions and upon furnace annealing of Zn, «Cd,,Se thin films (400nm) with
various sublayer thickness at 673 K in an inert atmosphere. It has been found that as-deposited films were
nanocrystalline with a grain size less than or around 5 nm and cubic structure. The variation of the sublayer
thickness does not appreciably affect the film crystal structure and composition. Upon annealing the cubic
structure is preserved, the average nanocrystals size increased and root mean square roughness strongly
decreases.

Ennnnunu cnoese Zng Cd, ,Se ca nonyuenn 1pe3 TepMHYHO BAKYYMHO W3NapeHue NpH cTaiina TemnepaTypa Ha
noanokkara. baxa nonyuenu ABe rpynu obpasiuy ¢ eNHAKBE ChCTAB Ype3 npHiaraHe Ha nNocC/ea0BaTENHO
oTnarane Ha noacnoese ZnSe w CdSe ¢ HomuHanna nebennna cvorsetno 0, 12 u 0. 37 wnu 0,08 n0, 23 nm.
Bsaxa w3BbplueHn U3MepBaHua ¢ aTOMHO-CHIOBA Mukpockonus (AFM), ckannpaiia enekTpoHHa MUKPOCKOMHs
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(SEM) u pentrerosa andpakuns (XRD), 3a na ce wu3cieasa €BOMOUMATA HA KpuCTajiHata CTPYKTYpa,
MHKPOCTPYKTYpaTa, CbCTaBa W NOBbPXHOCTHATA Mop(oNorHs ¢ MPOMAHATA HA YCIOBHUATA Ha NONy4aBaHe n npu
orrpsiare B newrra Ha Zn0.8Cd0.2Se TbHkn crioese (400nm) ¢ paznuuna nede/uHa Ha NOAC0A NpH 673 K B
WHEpTHA aTMocdepa. YCTAHOBEHO €, Ye CJI0EBETE C/IEA OT/NAraHeTo Ca HAHOKPHCTANHHN C pasMep Ha 3HPHOTO No-
MATLK WK OKOJIO 5 nm M KyGuuHa cTpykTypa. Bapuauusra Ha nebennHara Ha MOACTOA HE BIUAC 3HAYMTEIHO
BbPXY KpHCTAnHaTa CTPYKTYpa M CbcTaBa Ha (unma. [lpu oTrpsBane kyOuuHata CTpyKTypa ce 3anasea,
CPeJIHUAT pa3Mep Ha HAHOKPUCTAIUTE CE yBEIMYaBa 1 CPEHOKBANPATHATA IPANaBOCT CHIHO HaMaNABA.

B4.3. 1. Bineva, T. Hristova-Vassileva. B. Pejova, D. Nesheva, Z. Levi, Z. Aneva “Long term
ageing changes in structure and morphology of nanocrystalline Zn,Cd, Se thin films™ in CAS 2015
proceedings, pp 71-74.

Long term morphological and structural changes of Zn,Cd;Se (x=0.4, 0.6 and 0.8) thin films, obtained by
solid state alloying of consecutively deposited submonolayers of ZnSe and CdSe, were investigated by means of
Atomic Force Microscopy (AFM) and X-ray diffraction (XRD). The XRD investigations show typical solid
solution patterns without any decomposition. A relaxation of the lattice is observed through the years, showing
tendency towards thermodynamic equilibrium. A. non-uniform strain is observed for x= 0.4 and 0.8, which is
proven by the AFM measurements to be due to structural defects. 2D fast Fourrier transform patterns are derived
from the AFM images and grain structure evolution and various morphological changes occurring in the films
with time are observed and discussed.

JbArOCpOMHHTE MOP(MONOTHYHH W CTPYKTYPHH MPOMEHN Ha Zn,Cd,,Se (x=0.4, 0.6 u 0.8) TbHKH cJi0EBE,
MoJIyMEHH Ype3 CIUIABABAHE B TBbPAO CHCTOAHHE HA MOCIEN0OBATEIHO OTINOKEHH cyOmoHOCnoeBe Ha ZnSe H
CdSe, 6axa u3cneaBaHH ¢ MOMOILTA HA ATOMHO-CHJIOBA MHKPOCKOTIHA (AFM) u penreroa nudpakumns (XRD).
XRD W3cieiBaHMATA MOKA3BaT THIMYHM MOAENM Ha TBbpA pasTBop Oe3 aekomnosuuns. [Ipes roanHuTe ce
Hab10aRa penakcalys Ha peleTkara, noka3palla TEHACHLHA KbM TEPMOAHHAMUYHO PABHOBECHE. 3ax=04wm
0.8 ce nHabnronasa HeeaHopoaHa aedopmains, KoeTo e jokasaHo o AFM usmepsanusaTa, 4¢ CC ABLIKH Ha
cTpykTyphn aedektn. Hanpasen e 2D @ypue ananus na AFM uszobpakerusta u ca HaOnonaranu v 06CkACHH
CBOIOLMATA HA CTPYKTYpaTa Ha HAHOUACTHUMTE W Paslu4HWTE MOP(OIOrHYHH NPOMCHH, HACTLMBAULN BbE
CIIOEBETE C BPEMETO.

B4.4. Biljana Pejova and Irina Bineva “Sonochemically synthesized 3d assemblies of close-packed
In,S; quantum dots: structure, size dependent optical and electrical properties™ Journal of Physical
Chemistry C (2013), 117 (14), pp 7303-7314.

Template-free conventional chemical and sonochemical approaches to 3D assemblies of indium(I11) sulfide
quantum dots were developed that allow deposition of strongly quantized cubic a-In2S3 nanocrystals close
packed in thin film form. Our observation of metastable cubic structure at room temperature (instead of the
thermodynamically most stable tetragonal B modification in the case of bulk material) was related to the very
small crystal size. Because of heterogeneous sonochemical effects, the average crystal radius of the QD solids
reduces from 2.5 to 2.0 nm upon sonification of the reaction system by continuous high-intensity ultrasound.
Upon postdeposition annealing treatment, these values increase to 4.1 nm.

Structural, optical and electrical properties of the synthesized QD solids were studied in details. The band gap
energy value of 2.85 eV for the as-deposited QD solids in thin film form is strongly blue-shifted (by 0.85 eV)
with respect to the value characteristic for a macrocrystalline specimen. In the case of as-deposited films by
sonochemical approach, band gap value is 3.00 eV, indicating the possibility for further control of the
optoelectronic properties of this material by sonochemical approach. Upon postdeposition thermal treatment at
150 and 200 °C, band gap energy red shifts to 2.20 and 2.00 eV were observed. Analysis of the size-quantization
effects in the synthesized QD solids deposited in thin film form enabled us to estimate that the Bohr’s excitonic
radius in the studied semiconductor lies in the range from 2.5 to 4.1 nm. The absence of clearly defined excitonic
peaks in the absorption spectra of the studied QD assemblies was attributed to the size-distribution of the
nanoparticles and to the interdot electronic coupling effects. Analysis of the charge carrier transport properties in
the QD assemblies within the Kazmerski’s model indicated that the intercrystalline barrier height decreases by
0.04 eV upon thermal treatment of the films. Conductivity activation energy was found to be 0.82 eV, while the
thermal band gap energy, calculated from the thermoelectrical measurements in the region where intrinsic
conductivity mechanism is activated, was 222 eV. AFM measurements have shown that QD assemblies
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constituting the sonochemically deposited films show stronger tendency toward coagulation than those
synthesized by conventional chemical approach.

Baxa paspaGoTeHH KOHBEHUMOHATHH XMMHYHHU M COHOXUMUYHH MOAXONH Ge3 u3nonsBaHe Ha noanoxkka 3a 3D
ancam6an oT kpaHTOBW Touku Ha wuHaues (111) cyndua, KOMTO MO3BOJSBAT OTNAATAHETO HA CHTHO KBAHTYBAHH
KyOuuHK 0-In,S; HAHOKPUCTAH, TUILTHO OMAKOBaHW BbB dopmara Ha TbHBK cJ0i. Hawero HabitoneHue Ha
meracTabunHa KyOuuHa CTPYKTypa Npu cTaiiHa Temneparypa (BMECTO TEPMOIMHAMUYHO Haii-cTabuiHaTa
TeTparoHanHa } MoaH@uUKauua B Cay4aii Ha HacUMeH marepuan) Oetle CBbP3AHO C MHOIO MaKHsl pasMep Ha
kpuctana. [lopand XeTepOreHHUTE COHOXMMUUHH eeKTH, CPEIHUAT KPUCTAEH PAANYC HA KBAHTOBHTE TOUKH
Hamansisa oT 2,5 10 2,0 nm npu COHWGbUKALMA HA PeaKkUMOHHATa CHCTEMA 4pe3 HEMPEKbCHAT yITPA3ByK C
BHCOKA HHTEH3UBHOCT. [IpH TPETHPAHE C OTIPABAHE CJIeil OT/laraHe, Te3n CTOHHOCTH Ce YBeaMUaBat 10 4,1 nm.
CTpYKTYpHUTE, ONTHYHUTE U EIEKTPHYECKHTE CBOHCTBA HA CHHTE3HPAHUTE aHcamB/1 OT KBAHTOBH Touku Osixa
W3cneaBaHi MoapoOHo. EHepruiiHata CTOHHOCT Ha 3abpaHenaTa 30Ha OT 2,85 eV 3a OTJIOKEHHUTE KBAHTOBH
TOUKH BbB (hOpMaTa HA THHBK (DMJIM € CHJIHO M3MECTEHA B CHHLO (c 0,85 eV) no oTHoOWIeHHE Ha CTOIHOCTTA,
xapakTepHa 3a MakpokpucTaneH obpaseu. B cnyuali Ha OTNOKEHM COEBE HPE3 COHOXHMMHUCH noAX0/,
cToifHoCcTTa Ha 3a0paHeHaTa JICHTa € 3.00 eV, KOeTo MoKa3ea BL3MOWKHOCTTA 3@ MO-HATATBIIEH KOHTPOI Ha
ONTOENEKTPOHHHTE CBOWCTBA HA TO3W MaTepHan upe3 COHOXHMHYCH MOAXOL. [Mpu TepMuyuHa oOpaboTka cien
otnarate npu 150 u 200 °C ce nabaonasa 4epBeHO OTMECTBAHE Ha CHEPTUsTA HA 3abpaHeHaTa 30Ha 10 2,20 u
2.00 eV. AHanM3bT HA KBAHTOBO-pa3MepHuTe €(eKTH B CHHTE3MPAHWTE KBAHTOBH TOUKW, OTIOKEHH 1OA
dopmara Ha TbLHBK C/IOH, HM MO3BOJIM 1a OUCHMM, He EKCUTOHHHMAT paanyc Ha Bop B wu3cienBaHus
MONYNPOBOAHUK € B auanasona ot 2, 5 10 4, | nm. Jluncata Ha ACHO JAe()MHUPAHH EKCUTOHHU MHKOBE B
aGCOpOLIMOHHUTE CIIEKTPH HA M3CJIENBAHWTE dHCAMOIM OT KBAHTOBM TOUKH CE€ JbJIKM HA pa3MepHOTO
pasnpe/ieieHie Ha HAHOYACTHLMTE. AHANN3LT HA TPAHCTIOPTHUTE cBoiicTBa Ha HocuTenW Ha 3apan B QD
MO/y/IHTE B pamMKuTe Ha Mojena Ha Kasmepcku nokassa, ue BHCOUMHATA HA MEKIyKpHCTaiHata Bapuepa
namansisa ¢ 0, 04 eV npu TepmuuHa o6paGoTka Ha coeBeTe. YCTaHOBEHO €, Y€ aKTHBALMOHHATA EHEPriA Ha
nposoanmoc e 0,82 eV, nokato eHepruATa Ha TepMHYHATA 3abpaHeHa 30Ha, U3YUCIIEHA OT TEPMOCNEKTPHHHHUTE
W3MepBaHHA B 001acTTa, KBAETO Ce AKTHBMPA ChLIMHCKHUS MEXaHH3bM Ha TPOBOIAMMOCT, € 2,22 eV. AFM
W3MepBaHMATA MOKa3BaT, 4e aHCaMOIMTe OT KBAHTOBH TOUKHW, ChCTABJSBALLN COHOXWMHMYHO OTAOKCHWUTC
C0eBe, MOKA3BAT N0-CHJTHA TEHACHLIMS KbM KOAryflalus OT Te3H, CHHTE3NPAHH Ype3 KOHBEHLMOHANCH XHMHUUCH
MOIXO/L.

B4.5. T.Hristova-Vasileva, L. Bineva, A. Dinescu, D. Arsova, D. Nesheva, “Cymatics” of selenium
and tellurium films deposited in vacuum on vibrating substrates, Surface and Coatings Technology.
Volume 307, Part A, 2016, Pages 542-546.

Amorphous selenium and crystalline tellurium thin films were deposited by frequency assisted thermal
deposition in vacuum— a newapproach for preparation of thin films based on condensation of the
evaporatedmaterial on an excited substrate, atwhich vibrations with audible input frequencies are applied.
Frequencies of 0, 50, 150 and 4000 Hz were used. The films crystallographic structure stays intact but an effect
depending on the applied frequency was observed. Formation of undulated film surfaces at near infrasonic input
frequencies excitement is observed with surface roughness maximum at 50 Hz. The surfaces are highly smooth
when a mid-sonic 4 kHz vibration was applied.

TobHkw cnoese ot amopden CeneH u KpuctaneH Tenyp Osxa OTIOKEHH HPE3 YECTOTHO NOANOMAraHo TCPMUIHO
oTnaraHe BbB BAKYyM — HOB [OJIXOJl 33 NOJly4aBaHe Ha ThHKK CJ10¢BE, DA3MpaH Ha KOHAEH3AUMs HA H3NAapeHHs
MaTepuan BbpXy Bb30OyJeHa MOMIOKKA, MpW KOHTO ce npuiarat BUOpaLMK C 3BYKOBM BXOAHH HECTOTH.
Wanonssann ca yectotd ot 0, 50, 150 u 4000 Hz. Kpucranorpadckara cTpykTypa Ha (uimuTe ocTasa Oe3
W3MeHeHHs, HO ce HabuonaBa eeKT B 3aBHCHMMOCT OT npunoxkenara uecrota. Hadmonasa ce o0pa3yBaHe Ha
BBJIHOOOPA3HM MOBBPXHOCTH Ha CJIOS MPH Bb30YHKAAHE C BXOIHM HECTOTH, OAW3KKM 10 WH(Pa3BYKOBUTE, C
MaKCHMallHa rparaBocT Ha NosbpXHOCTTa npu 50 Hz. [ToBbPXHOCTHTE Ca M3KIIOUHTENHO TIA/IKH, KOTaTo ce
MpUA0XKK CpeaHo3BYKOBa BuOpauus ot 4 kHz.

B4.6. Biljana Pejova and Irina Bineva .Charge carrier transport through 3D assemblies of
zincblende CdSe and ZnSe quantum dots in weak size-quantization regime™ Journal of Materials
Science: Materials in Electronics: Volume 26, Issue 7 (2015), Page 4944-4955.
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The mechanism of charge carrier transport through 3D assemblies of ZnSe and CdSe quantum dots with
zincblende structure in weak size-quantization regime was investigated. The Debye length in the case of ZnSe
QDs was found to be 1.5 nm, i.e. almost three times larger than the average diameter of the nanocrystals
constituting the films annealed at 250 _C. In CdSe QDs, on the other hand, the Debye’s length of 11.8 nm was
almost twice smaller than the average crystal diameter in the films anncaled at 300 C. In the case of ZnSe QD
assemblies, it was found that the predominant mechanism governing the charge carrier transport in temperature
range from 380 to 650 K is the thermionic emission, with the trap levels taking part in the formation of crystal
boundary barrier being located above the Fermi level. Combining temperature- dependent conductivity data with
the data from optical absorption studies, the actual position of the trap level was estimated to be at about 0.37 eV
(referred to the intrinsic Fermi level at the interface). In contrast to the case of ZnSe, the temperature dependence
of conductivity in the case of thin films composed by 3D assemblies of CdSe QDs appeared to be much more
complex. In the highest temperature region in which the temperature-dependent conductivity measurements were
performed for this system (from 480 to 540 K), it was found that the thermally activated band-to-band electronic
transitions govern the conductivity changes, the corresponding thermal band gap energy being 1.85 eV. In the
lower-temperature region, down to 300 K, the thermionic emission was found to be predominant charge carrier
transport mechanism, with trap levels being positioned above the Fermi level. The two detected trap levels were
found to be located at 0.46 and 0.79 eV, corresponding to the measured conductivity activation energies of 0.84
and 0.51 eV.

M3censan € TPAHCMOPTHHA MEXaHHIbM HA HOCHTENN HA 3apsi Npes 3D ancambau ot ZnSe u CdSe kBaHTOBH
TOYKH CbC KyOHUHA CTPYKTYpa B c/1a0 KBAHTOBOPA3MEPEH PEHKHM.. VETaHOBEHO €, ue abkuHaTa Ha Jledail B
clyyas Ha KBaHTOBMTE TOukM oT ZnSe e 11,5 nm, T.e. NouTH TpH MbTH MO-TO/AMA OT CPEAHHA AMaMETBP Ha
HAHOKpPHUCTANKUTE, CbCTAB/IABALLN CJIOCBETE, OTIPETH MPH 250° C. B CdSe kBaHTOBM TOYKH, OT JApyra CTpaHa,
mekunata Ha JleGait o1 11,8 nm e nouTH ABa MbTH NO-MaNKa OT CPEIHHUA KPUCTANCH IHAMETLD BbB CIOCBETE,
orrpetw mpu 300°C. B cnyyas na aHcamOnu OT KBaHTOBM TOUKH OT ZnSe Oelle yCTaHOBEHO, 4e
Mpeo61aaBallksT MEXaHHW3bM, YNPABIABALL TPAHCNOPTHPAHETO HA HOCUTEIM Ha 3apail B TeMrnepaTypeH
nuanazon ot 380 mo 650 K, € TepMuUOHHATA EMHCHA, KATO HUBATA HA yJIOBKWTE, yUacTBallH BbE (hopmMHpaHETO
Ha KpuCTalHaTa rpaHiuHa Gapuepa, ca pasnojiOKEHH HAl HHBOTO Ha Mepmu. KomMOUHMpaiiky nanuuTe 3a
3aBHCHMa OT TemrepaTypara [POBOAMMOCT C JAaHHWTE OT H3CIEABAHMATA HA ONTHYHATA abcopbums,
JeHCTBHTE/IHATA TIO3MLUMA HA HHBOTO Ha YJOBKHTE Gewe oueHeHa okono 0,37 eV (0THECEHO KbM HUBOTO Ha
@epMu Ha uuTepdeiica). 3a pasmika OT ciyvas Ha ZnSe, TemnepaTypHaTta 3aBMCHMOCT Ha MPOBOAMMOCTTA B
cllydas Ha TbHKH CJIO€BE, ChCTaBeHH OT 3D ancam6au ot CdSe KBaHTOBM TOUYKH, H3IJIEHK1a MHOTO MO-CJ10KHa. B
Hali-BHCOKaTa TeMrepaTypHa 00nact, B KOATO Ca M3BBPLICHW TEMIEPATYpPHO-3aBHCUMHTE H3MCPBAHUA Ha
MpOBOAMMOCTTA 33 Ta3u cucrema (OT 480 mo 540 K), Oewie ycTaHOBEHO, Y€ TEPMUUYHO AKTHBUpAHWUTE
eJIeKTPOHHH MPEXOAN 30HA-30HA YMpPaBIABAT MPOMEHHTE B MPOBOAMMOCTTA, KaTo CbOTBETHATA LIMPHHA Ha
TepMU4HaTa 3a0paHeHa 30Ha e 1,85 eV. B ofnactTa ¢ mo-nucka teMneparypa, 1o 300 K, Gelie ycTaHOBEHO, He
TEPMHOHHATA EMHCHS € NPeobafaBaluaT MeXaHu3bM 32 TPAHCNOPTUPAHE Ha HOCHTC/IH Ha 3apsiil, KaTo HUBATA
Ha YJNOBKWTE Ca PasfofoKeHH Hal HUBOTO Ha (epMu. YCTaHOBEHO €, He NBETC OTKPHUTH HHBA HA YJ0BKH ¢d
pasnonoxenu npu 0,46 1 0,79 eV, CLOTBETCTBALLM HA H3MEPEHNTE CHEPTHH HA AKTMBUPAHE HA MPOBOAWMOCTTA
o1 0,84 10,51 eV.

B4.7. Biljana Pejova, Irina Bineva, Sonochemically assisted colloidal route to CdSe quantum dot
assemblies: an alternative way to further fine-tune the size-dependent properties, Journal of Materials
Science: Materials in Electronics, (2016), 1-16.

Continuous-wave heterogeneous sonochemical method was developed to synthesize 3D assemblies composed by
QDs of metastable (cubic) modification of CdSe with sphalerite structural type. 3D QD assemblies were
deposited in thin film form and as bulk precipitates. Structure, surface morphology, optical absorption as well as
charge carriers” and phonon confinement effects were studied in details. The average nanocrystal radius,
calculated by the Scherrer and Williamson—Hall methods, diminishes from 2.7 nm for samples synthesized by
conventional colloidal chemical route to 2.0 nm for samples synthesized by sonochemical route. Upon post-
deposition thermal annealing this value increases to 12.0 nm. QD size decrease is followed by increase of the
uni-directional lattice strain and dislocation density (as defined by Hirsch). as well as by decrease of the lattice
constant value. Previous findings were justified by analysis of X-ray diffraction peaks shape, which were found
to be dominated by the particle size-distribution, instead of non-uniform strain. The energy of the fundamental
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direct T§—T¢ interband electronic transition, computed from optical absorption data within parabolic
approximation for the dispersion relation, shifts from 2.67 eV for sonochemically deposited samples and 2.08 eV
for chemically deposited ones, to 1.77 eV upon post-deposition thermal treatment (close to the bulk value of 1.74
eV). The type of ‘‘interband™ transitions does not change upon dimensionality reduce. Enhanced band gap
energy blue shift upon average QD size decrease is followed by oscillator strength increase. Such trends were
rationalized in terms of 3D confinement effects on charge carriers’ motion. Experimentally observed band gap
energies agree very well with the predictions of the effective mass model of Brus. The next direct interband
clectronic transition, from the spin—orbit split component of the valence band to the conduction band, has been
detected and analyzed. The 1LO bands in the Raman spectra of chemically and sonochemically deposited
samples appear at 206 and 204 cm-1, as compared to the bulk value of 210 em-1. The extent of homogeneous
broadening of the corresponding band is larger in sonochemically deposited samples, indicating enhanced
frequency of phonon— phonon collisions in smaller QDs. The observed frequency shifts are dominated by
phonon-dispersion terms, instead of lattice contraction.

Pa3paGoTeH € XeTepOTeHeH COHOXMMUYEH METOJL 33 CHHTE3HpAHE Ha 3D aHcamOnM, CbCTaBEHH OT KBAHTOBH
TOuKH Ha MeTtactabunna (ky6uuna) moaudukauns Ha CdSe cbe CTPYKTYpEH THII ctpanepur, 3D aHcambaute oT
KBAHTOBM TOUKH 0fxa OTIOKEHM roa (opmara Ha TbHbK CJOW M Kato HACHMHH yraiiku. CTpykrypara,
MOp(ONOTHATa HA TIOBBPXHOCTTA, OMNTHYHATA aGcopOumsa, KakTo M e(eKTHTe Ha HOCUTEIMTE Ha 3apal W
[IPOCTPAHCTBEHOTO ~ OrpaHHYCHUE  Ha (oHOHH 0sxa M3CJEABAHH noapobuo. Cpeanust paiaHyc Ha
HAHOKPHCTAIHTE, H3YMCICH N0 METOIWTE Ha Scherrer # Williamson-Hall, namanssa ot 2,7 nm 3a oGpa3im,
CHHTE3MPaHH 110 KOHBEHLHMOHAICH KOMOWICH XHMHYCH MOAXOA, A0 2,0 nm 3a obpasuu, CHHTE3HpaHH NO
COHOXHUMMYEH Moaxos. [lpy TepMHUHO OTTpABAHE CEL OTnaraHe Tasu ¢ToifHocT ce ypennuasa 1o 12,0 nm.
HamansBaHeTo Ha pa3Mepa Ha KBAHTOBMTE TOYKH € MOCHENABAHO OT yBElHuaBaAHC HA edHOMoCovHATA
nedopMalis Ha pelleTkata M MIbTHOCTTA Ha AMCIOKALMHWTE (kakto e onmpeneneHo oT Hirsch), kakto u oT
HaMassBaHe Ha CTOMHOCTTA HA KOHCTAHTara Ha pewerkarta. [IpeauiiHuTe KoHCTaTallH Osixa HanpaBeHH Bb3
OCHOBa Ha aHanu3 Ha Qopmara Ha AM(GPAKUMOHHHTE THMKOBE Ha PEHTIEHOBA nudpakums, 3a koato Geie
YCTAaHOBEHO, Ye € NOMMHUPAHa OT PasNpeNe/eHHeTo Ha pasMepa Ha YyaCTHLMTE, BMECTO OT HEPABHOMEPHOTO
Hanpexenune, EHepruaTa Ha (yHIaMEHTATHUA IMPEKTCH T5—T¢ BLTPEUIHO30HEH EICKTPOHEH NPEXOLL, N3HHCICH
OT aHHHTE 3a ONTHYHa abcopBLMsA B paMKHTE Ha MapabosiHiHO npubIIKEHHE 38 JUCTIEPCHOHHATA BPb3Ka, CE
usMecTsa oT 2,67 eV 3a COHOXUMUYHO OTJIOKEHH oGpasuu 1 2,08 eV 3a XMMHUECKH OTJIOkKeHH Takuea, fo 1,77
eV npu Tepmuyna obpabdoTka Ccnex oTnaraHe (6au30 no obwara croiiHoct ot 1,74 eV). Tunut Ha
_MEKLY30HHHTE" NPEXOIN HE Ce MPOMEHS MPH HaMalABaHe Ha PA3MEpHOCTTA. VBEJHHEHOTO CHHLO OTMECTBAHE
Ha eHepriaTa Ha 3abpaHeHaTa 30Ha NPy HAMANABAHE HA CPelHHA pasMep Ha KBAHTOBHUTE TOYMKH € NOCJEABAHO OT
yBe/MUaBaHe Ha CUIaTa Ha ocumusaropa. Takusa TeHIAEHUHH OsXa pallOoHANIW3HPaHW N0 OTHOWIEHHE Ha
edextute Ha 3D orpaHuyaBaHe BbPXY ABHAKCHUETO Ha pocutenuTe Ha 3apsan.  ExcnepuMeHTanHo
naGmonaBaHuTe eHeprud Ha 3a0paHeHarta 30Ha ChBMALAT MHOCO nobpe ¢ MPOTHO3WTE Ha MOAena Ha
edpexTBHaTa Maca Ha Bpyc. ClielBallliaT AMPEKTCH MEKIY3OHEH eNIeKTPOHEH MPeXoJl, 0T CMHH-OpOUTaTHuA
pas/iefieH KOMITOHEHT Ha BAICHTHATa 30Ha KbM 30HaTa Ha NPOBOAMMOCT, e OTKpHT W aHanusupad. 1LO usnumTe
B PaMAHOBUs CIIEKTHP HA XUMHYECKNTE 1 COHOXUMHYHO oTnokeHNTe 00pasiu ce nossssat npu 206 n 204 em’,
B CPaBHEHME CbC CTOHHOCTTA 33 00EMEH MaTepHall , KOATO ¢ 210 cm™'. CTenenTa Ha XOMOIEHHO pa3llMpsBaHe Ha
CHOTBETHATA MBMLA € 0-roffimMa B COHOXHMHUYHO OT/IOWKCHHTE npodu, KOETO NOKA3Ba MOBMIIEHA 4ECTOTA Ha
dhoHoH-(QOHOHHK COMBCHUM B MO-MAIKWTE KBAHTOBH TOUKH. HaGntogpapaHuTe 4YeCTOTHM HW3MECTBAaHWA ca
JOMHHHpPaHH OT (POHOHHA JIMCTIEPCHS, BMECTO CBMBAHE HA PELICTKATA.

B4.8. 1. Bineva, B. Pejova, V. Mihailov, A. Dinescu, M. Danila, S. Karatodorov “Structural and
morphological characterization of ternary nanocrystalline Cu-In-S thin films prepared by laser
ablation® Journal of Physics Conference Series 2017 794 (1)012019.

Thin nanocrystalline Cu-In-S films are prepared by pulsed laser ablation in vacuum with Nd:YAG laser
operating at 1064 nm on Si (100) substrates. As a target, a CulnSz2 quantum dots powder, synthesized by
sonochemical template-free colloidal approach and pressed to form a pellet is used. The structure and
morphology of the deposited films were studied employing X-ray diffraction, scanning electron microscopy, and
atomic force microscopy techniques. The analysis of the deposited thin films revealed predominant cubic
Cui7InoosS phase. It has been found that deposited films were nanocrystalline. The effect of laser pulse energy
and deposition time on the structure and morphology of as-prepared films is studied. Slight mean diameter
increase from 8 nm to 13 nm with deposition time and applied power was observed. as the time dependence is
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more pronounced. On the contrary, six fold increase from 7.4 to 44.3 nm of the surface root mean square
roughness was estimated with augmentation of the applied laser pulse energy

ThHKH HaHokpucTanHu Cu-In-S coese ca NoayyeHH upes umIylicHa nasepHa abnalns BLB Bakyym ¢ Nd:YAG
nasep, paboteut npu 1064 nm eupxy Si (100) noanokkn. Kato MUILIEHa € H3NOA3BaH CulnS; npax ¢ KBaHTOBH
TOUKH, CHHTE3HPaH Ype3 COHOXMMHUYEH KOJOMACH NOAX0A 6e3 MaTpula M NpecoBaH 3a 00pasyBaHe Ha neseTa.
CrpykTypata 1 MOP(OIOruaATa Ha OTIOKEHHTE CI0EBE Ca M3CIIENBAHH C NIOMOLLTA HA PCHTICHOBA oupaKums,
CKaHUPALa €NeKTPOHHA MWKPOCKOIMS M aTOMHO-CHIOBA MHMKPOCKONHA. AHANH3LT Ha OTJOKCHWTE THHKH
cnoese paskpuea npeobnajapaimia KyOuuHa Cuy7IngesS thasa. YcTaHOBEHO €, Y€ OTIOMKEHHTE CIIOCBE Ca
HaHokpucTanuu, M3cnenBa ce eexTbT HAa €HEPrusTa Ha Ja3epHUs UMIYJIC ¥ BPEMETO Ha OTJIaraHe BbPXY
cTpyKkTypaTa  MoposornaTa Ha rotosute croese. HaGnionasa ce fieko yBennueHHE Ha CPEAHIA IHAMETLP OT
8 nm a0 13 nm ¢ BpeMeTO Ha OTJIaraHe M MNPWJIOKEHATA MOLLHOCT, KaTo 3aBHCHMMOCTTa OT BPEMETO € Mo-
wspaseHa. HanpoTus, wecTkpaTHO yBeaudenue ot 7,4 10 44,3 nm Ha MOBbPXHOCTHATA CPEeAHOKBAApATHYHA
rpanaBocT Gelue OLEHEHO C YBeMUaBaHE Ha NPHIOKEeHATa Jla3epHa UMITyJICHA CHEPris

B4.9. T. Hristova-Vasileva, I. Bineva*, A. Dinescu, D. Nesheva, D. Arsova, B. Pejova “Influence of
the thickness on the morphology and sensing ability of thermally-deposited tellurium films”, Journal
of Physics: Conference Series 700 (2016) 012037.

Tellurium films with nominal thicknesses of 30, 90 and 300 nm were prepared by thermal evaporation in
vacuum at a low deposition rate of 0.3 nm/s. The morphology evolution with the increase of the film thickness
was observed by scanning electron microscopy and atomic force microscopy.

Nanorods with a width of about 40 nm were observed on the thinnest films surface. On the 90 nm thick films, the
formations grew in priority in the z-direction to nanoblades with the same width, but a length of about 100 nm.
The further increase of the thickness led to an increase of the 2D nanoobjects’ width and length and formation of
a stacked nanosheet structure. The surface root-mean-square roughness (Sq) increased with the thickness of the
films. Preliminary investigations of the sensing ability of the as-deposited tellurium films with different
thicknesses towards water (H20), ethanol (C2HsOH), acetone (CsHeO), and ammonia (NHs) vapors were
performed by measuring the vapor-induced changes in the film dark current. The films showed appreciable
response only to ammonia vapors; their sensitivity was almost equal for the 30 and 90 nm thick films, and
decreased significantly for the film tkness of 300 nm,

TvHku cnoese ot Tenyp ¢ Homunanun aebennnn ot 30, 90 1 300 nm ce OTNIOKEHH UPE3 TEPMUIHO M3napABaHe
BB BAaKYYM MPH HUCKA CKOPOCT Ha otiaraxe ot 0, 3 nm /s, EBontounaTa Ha MOP(OIOrHATa ¢ yBENHYABAHE HA
nebenuHata Ha cyios e HaOmonaBana upe3 CKaHWpalla eNneKTPOHHAa MMKPOCKOMNHA W aTOMHO-CHIOBA
Mukpockonus, Ha noBbpXHOCTTA HA Hali-ThHKMTE coeBe ce HadJlo1aBaT HAHOPO/IOBE C LIMPHHA OKONIO 40 nm.
Ha cnoesere ¢ aebenuna 90 nm, oGpa3yBaHWsTa HApacTBAaT C NMPHOPUTET B Z-MOCOKA 10 HAHO-OCTPHETA ChC
ChbLATA WHMPHHA, HO AbKUHA OT okono 100 nm. TMo-HaTaTLUWIHOTO yBeaMuaBaHe Ha fedesuHaTa BOAH 10
yBe/IMUABAHE Ha WUMpMHATA W ObkuHata Ha 2D nawoobextnte M o0pasyBaHe Ha IMOAPEACHA HAHOMNCTOBA
cTpykTypa. [ToBbPXHOCTHATA CPeAHOKBAApaTHYHA rpanasocT (Sq) ce ysennuasa ¢ nebenuHara Ha (QUIMHUTE.
[peaBapuTeHuTe M3CIEABAHNA HA CCH30PHATA YYBCTBUTEHOCT HA OTJIOKEHNUTE clloeBe OT Tenyp ¢ pasiuiHn
neGenuun cnpamo Bona (H,0), eranon (C,HsOH), auerton (C3HgO) 1 amonsiunm (NH;) uanapenns Osxa
WIBLPLICHU 4pe3 U3MEpPBaHEe Ha MPEIW3BUKAHWTE OT NapuTe MPOMEHW B TOKA HA TbMHO. Croesere nokaspat
oce3aeMa peaKkIMs CaMO KbM AMOHSYHM TapH; TAXHATA UYyBCTBHTEIHOCT € MOYTH €/HAKBa 3a CloeBeTe ¢
nebenuna 30 u 90 nm 1 HamassiBa 3HAUMTENHO 3a AeGennHa Ha cios ot 300 nm.

Mo nokasarea I'7

I'7.1. D.Nesheva. Z. Aneva, Z. Levi, L. Bineva, 1. Miloushev, Effect of the composition and
annealing on the electron transport in Zn,Cd,.Se nanocrystalline films, J. All. Compd. 586
(2014) 650-655. ISSN:09258388, DOI:10.1016/j.jallcom.2013.10.091, SJR:1.02, ISI
1F:3.779'Q1

Nanocrystalline layers of ZnxCd1_xSe with five different compositions in the range x = 0.39-0.8 were prepared
by thermal vacuum evaporation and alloying of ZnSe and CdSe sublayers with various nominal thicknesses
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(0.12,0.25 or 0.37 nm). Temperature dark and photocurrent measurements were carried out in the range 77423
K to explore the effect of annealing at 473 K and 673 K on the dark and photoconductivity of the films. A
gradual decrease of the conductivity and photoconductivity of the films annealed at 473 K has been observed
with increasing Zn content while the dark current activation energy has increased. However for the films
annealed at 673 K the compositional variation of both dark and photoconductivity has displayed a deep
minimum for the x = 0.59 films. The obtained results have been discussed considering the effect of the sublayer
nominal thickness and the intergrain barriers on the electron transport in the films and keeping in mind that the
film surface of the annealed films is quite smooth. It has been inferred that the annealing increases the density of
Se vacancies and reduces the compositional disorder and the interface defect density.

Hanokpucrantu cioese ot Zn,Cd, (Se ¢ net pasnnuuu chetasa B ananasoHa x = 0.39-0.8 Oaxa nonyuenu upes
TEPMHYHO BAKYYMHO M3Napenue W criasssae Ha ZnSe u CdSe noacnoese ¢ pasinyHn HOMHHAIHU NeGeHHH
(0.12, 0.25 unn 0.37 nm). Wi3mepBaHusTa Ha TEMIEpaTypHUTE 3aBUCUMOCTH Ha TOKA HA TbMHO W (OTOTOKA OsXa
nposeeHn B auanazona 77-423 K, 3a na ce wscnensa edexTbT oT oTrpasane npu 473 K u 673 K sbpxy
THMHOBATa ¥ (JOTO-MPOBOANMOCTTA Ha croeseTe. Habonasa ce NocTeneHHO HaMasfaBaHe Ha NIPOBOAMMOCTTA H
doronporosmmoctTa Ha (uamuTe, otrpetn npu 473 K, ¢ yBennuaaHe Ha CbABPKAHMETO HA Zn, JOKATO
eHeprusiTa Ha aKTHBALWA HA TbMHOBMSI TOK C€ YBENHYaBa, Bbrpeku TOBa 3a CIOEBETE, OTIPETH NpH 673 K,
KOMIO3MLIMOHHATA BapualMs KAKTO Ha TOKA Ha TBMHO, Taka W Ha (POTOMPOBOAMMOCTTA M0Ka3Ba ABAGOK
MHHUMYM 3a unmMuTe X = 0,59. [Monyuennte pesynrath ca 06CbASHHM, KaTo ce MMA NPEABMA edekTa Ha
HOMHHAIHATA 1eOeHa Ha NoHcIos W GapHepHTe MEXly 3bpHATA BbpPXY €NEKTPOHHHS TPAHCIOPT BbB CIOEA H
KaTo ce MMa MpelBM, Y€ MOBbPXHOCTTA HAa OTrpeTuTe (UMM € nocta rnanka. HM3soawT €, ue 0TrpABaHETO
yBE/MUaBA MILTHOCTTA HA BAKaHUMWTE HAa Se M HaManABa KOMIMO3HUMOHHHMA OE3MOpAIbK W MILTHOCTTA Ha
neexrute Ha uHTepdeiica.

['7.2. D.D.Nesheva, I. E. Bineva, M. Danila, A. Dinescu, Z. M. Levi, Z. 1. Aneva, R.
Muller “Effect of the sublayer thickness and furnace annealing on the crystallographic

structure and grain size of nanocrystalline Zn,Cd.Se thin films” Bul. Chem. Commun, Vol.
45 / Special Issue B (pp. 11-17), 2013 - ISSN: 0324-1130, IF 0.32 Q4

X-ray diffraction (XRD) and high resolution scanning electron microscopy (HRSEM) were used to study the
influence of the sublayer thickness and furnace annealing on the crystallographic structure and microstructure of
400 nm thick films from Zn,Cd,Se with x = 0.4, 0.6 and 0.8. The films were prepared by consecutive
deposition of ultrathin, island type sublayers of ZnSe and CdSe with various nominal thicknesses (0.08, 0.12 and
0.23 nm). Based on the X-ray diffraction results it has been concluded that independently of the sublayer
thickness all films have predominantly cubic structure. Existence of a small amount of wurtzite phase has also
been ascertained and the wurtzite phase decreases with increasing Zn content. The SEM images have revealed
that in as-deposited films of each composition the thinner the sublayer thickness, the smaller the grain size. It has
been also found that the internal strain in the annealed films with x=0.6 and 0.8 is higher than that in the as-
deposited ones.

Penrrenosa andpakuua (XRD) u ckaHupalla e1eKTPOHHA MHKPOCKOIMHA C BHCOKA pasjie/nTesHa CrocoGHOCT
(HRSEM) Gsixa M3MoJ3BaHK 3a W3CJEIBAHE HA BIMAHWETO Ha AeOGEMHATA HA TOJAC0A H OTIPABAHETO BbPXY
KpHcTanorpaekata CTPyKTypa 1 MUKPOCTPYKTypaTa Ha uamu ¢ aebennHa 400 nm ot Zn,Cd,,Secx=0.4,0.6
u 0,8. CrioeseTe 6AXa MOMYHEHH Upe3 MOC/IEI0BATENHO OT/IaraHe Ha YATPaThHKH, OCTPOBHH MOACI0eBE OT ZnSe
1 CdSe ¢ paznuunu nHomunanun nebenran (0.08, 0.12 1 0.23 nm). Bb3 ocHOBa Ha pe3yaTaTHTE OT PEHTIEHOBATA
nudpakuus € HanpaBeHO 3aK/TIOuEHHe, Ye HEe3aBHCHMO OT aelenuHaTa Ha TMONCTOA BCHYKM COEBE MMaT
NPeaMMHO KyGHYHAa CTPYKTYpa. YCTAHOBEHO € CHIIO HAIMYMETO HA MaJKO KOJIMYECTBO BIOPUHTHA (haza M
BIOPUMTHATA (a3a HaMa/siBa ¢ yBENHYaBaHe Ha ChbpkaHueTo Ha Zn. SEM usobpameHuaTa paskpupar, ue
KOJNIKOTO TIO-ThHKa € neGeHHaTa Ha MOJCIO0s, TOJAKOBA MO-MaibK € pasMEpbT HA 3bPHOTO B ClloeBeTe Clel
OTNArAHETO Ha BCEKH ChCTAB. Y CTAHOBEHO € CbLIO, Ye BbTpelHara tedopmauns B oTrpeTute ciioese ¢ x=0.6 1
0.8 € Mo-BHCOKA OT Ta3M B CBEKHTE.

'7.3. D.Nesheva, F. Comanescu, I.Bineva, M.Purica, Z. Levi, Z. Aneva, R. Muller Raman
Study of Compositional Variations in ZnyCd,. Se Films Prepared by Thermal Vacuum
Evaporation. Journal of Nanoscience and Nanotechnology, Vol 16, Number 8, 2016, pp.
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8513-8518(6), American Scientific Publishers, DOI:10.1 166/jnn.2016.12652, ISSN:1533-
48802016, ISI IF:1.56 Q2.

The effect of the sublayer thickness on the compositional variations in ternary Zn,Cd,Se thin films (x = 0_4,
0.6 or 0.8) prepared by alloying of a large number of consecutively deposited ZnSe and CdSe sublayers has been
investigated. The films were prepared on smooth glass substrates maintained at room temperature. Both ZnSe
and CdSe sublayers have nominal thickness in the range 0.25-1.2 monolayers. Raman spectroscopy at resonance
and non-resonance conditions has been used to get information about the compositional variations i.e., about the
existence of Cd-rich phase. It has been found that for each composition the amount of Cd-rich phase is smaller in
the films with the lower nominal thickness. Binary CdSe islands with size of 34 nm have been detected in the x
=0 4 films. A two-stage process has been suggested for the Zn,Cd, Se film growth process—formation of
ZnSe and CdSe grains with size of a few nm followed by Cd/Zn interdiffusion through the interfaces stimulated
by the CdSe and ZnSe lattice mismatch.

Wacnensan e edekrta oT AedennHaTa HA MOACIOS BbPXY BapHALMMTE HA ChCTABA B TPDUKOMITOHEHTHH Zn,Cd, Se
ThHKK cioese (x = 0 4, 0.6 win 0.8), mosnyuenn upes CriapsaHe Ha roJsM OPOH MOCJEN0BATENHO OTAOKEHH
7ZnSe n CdSe noacnoese. OUIMHTE C& MPUTOTBAT BbPXY MMALKH CTbKIEHH MOANOKKH, NOALbPKAHH NPH CTalina
temneparypa. Kakro ZnSe, Taka u CdSe noacnoesere MMaT HOMMHAIHA neGenvna B auanasona 0,25-12
MOHOCJI0s. PaMaHOBa CMEKTPOCKOMHS MPH PE30OHAHCHH U HEPE3OHAHCHH YCIIOBHA € W3MOJI3BAHA 3 NOTYHaRaHe
Ha MHOPMALIMA 33 BAPHALIMMTE HA CbCTABA, T.C. 3a ChillecTBYBaHeTo Ha oboratena Ha Cd ¢asa. YcTaHoseHo €,
ye 3a BCEKM ChCTaB KoJMuecTBOTO oGorateHa Ha Cd ¢asza € no-mMagko B CIOEBETE C NO-MajlKd HOMHHATHA
nebenuna, JlsykomnonentHin CdSe ocTposu ¢ pasmep 3—4 nm ca OTKPUTH BbB CNIOEBETE X = 0 4. [peanoxkeH e
AByeTaneH npouec 3a npoueca Ha pactex Ha Zn,Cd,.Se cioii - obpasysane Ha ZnSe u CdSe 3bpHa ¢ pasmep oT
HAKOJIKO NM, niocheneano oT Cd/Zn uutepaudy3ns npes HTepdeHcuTe, CTUMYIMPAHH OT HECHOTBETCTBHETO HA
pewerkara Ha CdSe n ZnSe.

'7.4. B Katranchev. M Petrov, I Bineva, Z Levi and M Mineva ..Smectic C liquid crystal
growth through surface orientation by Zn,Cd;.Se thin films* Journal of Physics: Conference
Series 398 (2012) 012036 doi:10.1088/1742-6596/398/1/012036, ISSN:17426588. SJR 0.226
Q4

A smectic C liquid crystal (LC) texture, consisting of distinct local single crystals (DLSCs) was grown using
predefined orientation of ternary nanocrystalline thin films of Zn«Cdi-Se. The surface morphology and
orientation features of the Zn«Cdi~Se films were investigated by AFM measurements and micro-texture
polarization analysis. The Zn«Cdi«Se surface causes a substantial enlargement of the smectic C DLSCs and
induction of a surface bi-stable state. The specific character of the morphology of this coating leads to the
decrease of the corresponding anchoring energy. Two new chiral states, not typical for this LC were indicated.
The physical mechanism providing these new effects is presented.

Tekerypa Ha cmektuueH C Tede kpucran (LC), cberosiua ce OT OTACNHM JIOKATHW CAWHHYHM KPUCTAIH
(DLSCs), Gele n3pacTHata u3noispaiiku npeaepuuupaHaTa OPHEHTALMS HA TPHKOMIOHEHTHH HAHOKPHCTAIIHH
ThHKH choese ot Zn,Cd,,Se. XapakTepucTHKUTEe Ha MOP(ONOrHATa Ha MOBBPXHOCTTA M OpHEHTAalMATa Ha
cnoesete or Zn,Cd,..Se Gaxa wmzcnessaHu 4pes AFM wn aHann3 Ha nojspusaldaTa Ha MHUKpPOTEKCTyparta.
MosbpxHocTTa Ha Zn,Cd,(Se NpHYHHABA 3HAYUTEIIHO PA3IIMPABAHE HA CMEKTHUHHHTE C DLSCs W uHayuupase
Ha MOBBPXHOCTHO GHCTABHAHO cheTosAHKe, CieUMpHIHUAT XapaKTep Ha MopGhoJIOrHATa Ha TOBA MOKPHUTHE BOAH
710 HaMallsiBaHe Ha ChOTBETHATA eHeprus Ha 3akoTeAHe, [locoueHH ca 1BE HOBH XMPAIHH ChCTOAHWA, KOWTO HE
ca TnUuHK 32 To3n LC. TIpeacTaBen e GU3HUECKHAT MEXaHU3bM, OCHIYPABALLL TE31M HOBH eeKTH.

'7.5. B. Pejova, B. Abay, and I. Bineva "Temperature Dependence of Band Gap Energy and
Sub-Band Gap Absorption Tails in Strongly Quantized ZnSe Nanocrystals Deposited as Thin
Films" Journal of Physical Chemistry C 2010, vol. 114, no36. pp. 15280-15291. ISSN1932-
7447 (print), DOI: 10.1021/jp102773z, IF 4.520(2010), Q1
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The temperature-dependent optical absorption of 3D arrays of close-packed strongly quantized ZnSe QDs,
deposited in thin film form, is studied in the interval from 11 to 340 K. Because of the particle size distribution
and interdot coupling between proximal QDs within the QD arrays, the excitonic peaks are not visible at all,
even at temperatures as low as 11 K. The temperature coefficient of the band-gap energy in the strongly
quantized QD arrays was found to be twice larger than the value characteristic of a bulk ZnSe specimen. The
Debye temperature, on the other hand, is shown to decrease by about 15% in comparison with the bulk value.
which is attributed to the phonon confinement effects. It is shown that the sub-band-gap exponential absorption
tails in the strongly quantized 3D QD arrays obey the Urbach-Martienssen rule. The temperature dependence of
the Urbach energy and the relation between this quantity and the band-gap energy of the films could be
excellently fitied to the predictions of the Cody’s model. However, in contrast to the macrocrystalline
semiconductors, the temperature-dependent component of the Urbach energy accounts for less than 15% of the
overall value, which is attributed to the very high degree of inherent structural disorder in the QD arrays. This is
in line with the conclusions derived from analyses of the temperature dependence of the steepness parameter, o,
which imply a rather high energy of the phonons contributing to the Urbach-Martienssen tails in the optical
absorption of the QD arrays.

TemnepaTypHo-3aBHCHMATa ONTHYHA aGcopbums Ha 3D MacuBM OT MIBTHO ONAKOBAHW CUITHO KBAHTYBAHN ZnSe
KBAHTOBM TOUKM, OTJIOKEHH Mol (popMaTa Ha TbHbK CJIOW, C& M3C/IE1BA B HHTEpBAa OT 11 no 340 K. INopaan
pa3rnpe/eNeHteTo Ha PasMepa Ha YacTHLUMTE U MEKIYTOUKOBOTO CBbP3BAHC mexay npokcumannute KT 8 KT
MACHBH, EKCHTOHHMTE MHKOBE M300L10 HE Ce BIDKAAT, JOPH MpH TEMNepaTyph A0 |1 K. YcraHoBeno e, He
TEMIEpaTypHUAT KDBE‘)HUMEHT Ha eHeprusaTa Ha 3a6paHeHaTa 30HA B CHJIHO KBAHTYBAHWUTE MAacCHWBH OT KBAHTOBH
TOUKH € 1BA MbTH MO-FOJIsM OT CTOMHOCTTA, XapakTepHa 3a obemeH ZnSe obpasen . Temnepatypara Ha [leOai,
OT Jipyra CTpaHa, Mokasga, 4e Hamanasa ¢ 0KoJo 15% B cpaBHEHHME ChC CTOHHOCTTH 3a 0OCMEH obpasell, KOETo
ce TpUnUCcBa Ha epeKTHTe Ha NPOCTPAHCTBEHO OTPaHHHUCHUC HA (dononu. [TokazaHo e, 4e eKCNOHeHLHANHUTE
onalKK HA TOJ30HHaTa abcopOuua B 3D aHcamGu OT KBAHTOBH TOUKH B CHIICH KBAHTOBOPA3IMEPEH PLiKIM CC
noumMHsiBaT Ha mpasuioTo Ha Urbach-Martienssen. TemnepaTypHata 3aBHCHMOCT Ha EHCpritiTa na Urbach u
Bpb3KATAa MEKIY TOBA KOJMYECTBO W EHEPrusiTa Ha 3a0paHeHaTa 30Ha Ha CIOEBETE MOke 1a Oble OTIMYHO
cboOpa3zeHa ¢ MPOTHO3WTE HA MOJENa Ha Cody. O6aue, 3a pasiuka OT MAKPOKPUCTANTHUTE M0OJYNPOBOAHHLA,
JABUCHMHAT OT TeMriepaTypara KOMIOHEHT Ha €HEprusta Ha Urbach npeacrasnssa mno-manko ot 15% ot
obLIaTa CTOMHOCT, KOETO Ce Ib/KH Ha MHOTO BUCOKATa CTENEH Ha MPHCBLL CTPYKTYpEH Ge3nopsabk B MACHBHTE
OT KBAHTOBM TOUKH. TOBA € B ChOTBETCTBHE ChC 3aKIOHEHWATA, MONYUEHH OT aHAIM3UTE Ha TemIlepaTypHata
3aBHCHMOCT Ha MAapamMeThpa Ha CTPLMHOCT, G, KOGTO TMpearionara A0CTa BHCOKA CHEPrHA Ha (OHOHHTE,
JIONPUHACALLM 34 OMAWIKUTE Ha Urbach-Martienssen B ontuunaTa aGcopfuma Ha aHcamOanTe OT KBAHTOBH
TOYKH.

[7.6. T.Hristova-Vasileva, L.Bineva, R. Todorov, A. Dinescu, C. Romanitan.. In-depth
evolution of tellurium films deposited by Frequency Assisted Thermal Evaporation in
Vacuum (FATEV). Journal of Physics: Conference Series 2019, 1186, 012026, ISSN:1742-
6596, DOI:10.1088/1742-6596/1186/1/012026, SIR:0.241 Q4

Abstract. In order to enlighten the in-depth organization of thin tellurium films, deposited by the frequency
assisted thermal evaporation in vacuum (FATEV) approach, morphological, structural and spectroscopic
investigations were performed. Spectroscopic ellipsometry (SE) and cross-section scanning electron microscopy
(SEM) showed a change of the growth mechanism upon application of higher vibrations™ input frequencies
during the films deposition. The films, deposited by conventional thermal evaporation in vacuum with no
vibrations applied, as well as these, deposited by FATEV with application of 50 Hz vibrations, were
characterized by initial densification followed by 2D nanoparticles growth when a certain threshold thickness
was reached. On the other hand, the high-frequency vibrations of 4 and 10 kHz preconditioned growth of
tellurium nanoribbons oriented towards the z-axis from the very beginning of the film formation. The
topography changes, observed by atomic force microscopy (AFM) and scanning electron microscopy. showed
highly porous surfaces (with high root mean square surface roughness) formed by distinct nanoblades for the
films, deposited at low input frequencies, while the films, deposited under the impact of vibrations in the
kilohertz range. were much more ordered, and hence their surface was significantly smoother. The structural
parameters of the samples were investigated by X-ray diffraction (XRD) analysis.
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3a na ce M3ACHM B AbAOOYMHA OpraHM3auMATa HA TbHKM cloese OT Tesyp, OTIOKEHH 4Ype3 noaxola Ha
YECTOTHO MOAMOMAraHo TEpPMHUHO w3napssaHe BbB Bakyym (FATEV), Oaxa u3BbplieHH MOP(OIOrHiHK,
CTPYKTYPHH M CIEKTPOCKONCKM W3CNENBAHHUS, Crnextpockonckara enuncomerpusa (SE) u ckanupaluata
E/IEKTPOHHA MUKPOCKOIHS HAa HampeuHoTo cedenne (SEM) rokaspaT mpoMsHa B MEXaHM3Ma Ha pacTex MpH
fpuiaraHe Ha M0-BUCOKH BXOJHM YECTOTH Ha BHOpalUMM MO BPEME HA OTJIAraHETO Ha COCBETE. Cnoesere,
OT/OKEHH Upe3 KOHBEHLUMOHAHO TEPMUYHO M3NapsBaHe BLB BakyyMm 0e3 mpuiarane Ha BHOpaLMH, KAKTO W
tesu, omnoxkenn ot FATEV ¢ npunarane na 50 Hz BuOpaumu, ce XapakTepu3npar ¢ MbpPBOHAYAIHO
YIUTBTHSIBaHe, T10CJIEIBAHO OT PAacTek HA 2D HAaHOYACTHLIM, KOTaTO C& JOCTHIHE OMpPE/eNieHa nparosa nebenuna.
Ot pyra cTpaHa, BUcokouecToTHuTe BuGpaunu ot 4 u 10 kHz ch3nasaT NpeanocTaBKky 3a pacTeka Ha TeyposH
HAHONEHTH, OPHEHTHPAHH O Z-0CTA OT CAMOTO Havano Ha obpasyBaHeTo Ha cios. [lpoMeHiTe B TonorpapuaTa,
HaGloNaBaHK upe3 aToMHO-cHioBa MUkpockonua (AFM) u ckanupaila eeKTpOHHA MHKPOCKONHA, MOKa3BaT

CHJTHO TMOPBO3HHU MOBBLPXHOCTH (¢ BMCOKA cpelHa KBaapaTH4YHA rpanaBocT Ha ﬂOB‘prHOCTTa), oGpaayaaHH oT
pazjiM4YHY HAHO-OCTPHETA 32 CJIOEBETe, OT/IOKCHH MPH HACKH BXOAHH MECTOTH, 10KATO CJIOEBETE, OTIOKEHH MO
Bb3AeHCTBHETO HAa BUOpaUMHTE B KHIOXCPLUOBHA [HANasoH, ca MHOrO TNO-NOAPEACHH M CJICL0BATEIHO
MOBBPXHOCTTA MM € 3HAYHTENHO MOo-rjialka. CTpyKTypHHTE NapamMeTpy Ha o0pasuuTe ca W3C/IeNBAHH 4pe3
penTreHoB audpakunonet anamus (XRD).

['7.7. T. Hristova-Vasileva, 1. Bineva, A. Dinescu, M. Danila, D. Arsova, As;Ses thin films
deposited by frequency assisted thermal evaporation — morphology and structure, ./ Phys.:
Conf. Series 2017 794 (1) 012015. ISSN:1742-6596, DOI:10.1088/1742-6596/794/1/012015.
SJR:0.24 Q4

Thin As2Ses films with thicknesses of 60 and 250 nm were deposited from the initial compound by frequency
assisted thermal evaporation in vacuum — a new approach for shaping thin films surface. Frequencies of 0, 50
and 4000 Hz were applied on the substrates during the deposition process. The morphology was evaluated using
AFM and SEM techniques. Some main optical properties and specifics of the films were determined by the
means of spectroscopic ellipsometry analysis. The structure of the samples was investigated by XRD. A possible
mechanism for explanation of the observed peculiarities is proposed on the basis of the classical materials
science and molecular thermodynamics.

Touku As,Se; cnoepe ¢ aedenund ot 60 u 250 nm Gaxa OTNONKEHH OT MbPBOHAYAIHOTO ChEAMHEHHE Hpe3
4ECTOTHO MOANOMAraHO TEPMUUHO H3NApABaHe BbB BAKYYM - HOB MOAXOA 33 OQOPMAHE Ha MOBLPXHOCTTA Ha
TbHKkH cnoese. Yectotn ot 0, 50 u 4000 Hz Gsaxa npunoxeHu BbPXY MOLNOKKHATE MO BPEMC Ha MNpoleca Ha
otnaraHe. Mopgonorusata Gewe oueHesa ¢ nomowra wa AFM u SEM TexHukH. Ype3 CnexkTpocKONCKH
C/IHNCOMETPHYEH AHAJIN3 CA OMpe/eseH HAKOW OCHOBHW ONTHYHW CBOHCTBA M cneundrkn Ha (QUIMHTE.
CrpykTypara Ha obpasuute e n3cneasana ¢ XRD. [MpennoxkeH ¢ Bb3MOKEH MeXaHW3bM 3a OOfACHEHWE Ha
HabmonaBaHuTe ocobeHocTH Ha GasaTa Ha KJ1acUYecKOTO MaTepHaIO3HaAHME U MOJIEKYIApHATa TEPMOAHHAMHKA.

['7.8. A.Amova, T. Hristova-Vasileva, L. Aljihmani, I. Bineva, V. Vassilev, Region of
glass formation and main physicochemical properties of glasses from the “As;Se;-AgsSSe-
PbTe system”, J. All. Compd. 573 (2013) pp 32-36,.DOI1:10.1016/j.jallcom.201 3.03.267,
ISSN: 0925-8388, IF 2. 99 Q1.

New chalcogenide materials from the As2Se3-AgdSSe-PbTe system were synthesized by melt quenching
technique . The state of the samples (glassy, crystalline, glassy + crystalline) has been proven by visual, XRD
and AFM analyses. On the basis of the obtained results the region of glass formation within the As,Se;—Ag,SSe—
PbTe system was outlined. It lies partially on the As,Se;~Ag,SSe (0-25 mol% Ag,SSe) and As,Se;-PbTe (50

100 mol%As,Se;) sides. No glassy phases were obtained in the binary Ag,SSe-PbTe system. Depending onthe
glass composition the temperatures of glass-transition, crystallization and melting vary between [13-140 °C,
170-209 °C and 299-368°C, respectively, and increase with the increase of AgiSSe and the decrease of PbTe
content. The density and microhardness values of chalcogenide glasses change in the interval 4.47 -5.93 g/em ’

and 56-67 kgf/mm * depending on the [Ag 4SSe]/[As;Ses + Ag4SSe] ratio and the PbTe concentration.
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HoBM X&IKOTEHMAHW MaTepHanu 0T CcHeTemara As2Se3-AgdSSe-PbTe Osixa CUHTE3MpaHu Hpes Tpk
eaHoTeMnepaTypen cHHTe3. ChCTOAHMETO HA npobute (CTbKNOOOPA3HHU, KPHCTATHH, CTBKJIOKPHCTANIHN) €
nokasano upe3 Busyanuu, XRD u AFM ananusu. Bb3 0CHOBA Ha MOMyYEHHTE PE3YNTaTH ¢ ouepTata obnactra
Ha cThKnoo0Opa3yBaHe B CUCTEMATA As,Se;—Ag,SSe-PbTe. Ts nexwn YaCTUUHO Ha CTPAHHTE As,Se;—Ag,SSe (0-
25 mol% Ag,SSe) 1 As,Se;—PbTe (50-100 mol%As,Se;). B GunapHaTa cncrema Ag,SSe-PbTe He ca nonyieHu
cTbkn006pasi (asy. B 3aBUCHMOCT OT CbCTaBa Ha CTLKJIOTO, TEMIEPATyPHTE Ha BCTbKIIABAHE, KPUCTATHIALINA
W TOMEHE BApHUpaT ChOTBETHO MEKMY 113140 °C, 170-209°C u 299-368°C u ce MOBHLIABAT € YBEIHHABAHETO
na Ag,SSe ¥ HaMasBaHETO Ha CHIBPKAHHUCTO HA PbTe. CToliHOCTUTE Ha MIBTHOCTTA M MHKPOTBBPIOCTTA Ha
XAJKOTEHHIHNTE CTbKNa ce MPOMEHAT B HHTEpBasa 4,47-593 g/lcm * 1 56-67 kgf/mm 2 B 3aBHCMMOCT OT
choTHOLIEHHETO [Ag sSSe]/[As,Ses + AgsSSe] H KOHLEHTPALMATA Ha PbTe.

I'7.9. 1. Bineva, D. Nesheva, Z. Aneva and Z. Levi ,,Room temperature photoluminescence
from amorphous silicon nanoparticles in SiOy thin films” J. Lumin., 126, 497-502 (2007).
[SSN: 0022-2313, DOL 10.1016/j.jlumin.2006.09.007 IF 2.75(2018) QI

Amorphous SiOx thin films with four different oxygen contents (x = 1.15, 1.4, 1.5, and 1.7) have been prepared
by thermal evaporation of SiO in vacuum and then annealed at 770 or 970K in argon for various times =40 min.
The influence of annealing conditions and the initial film composition on photoluminescence (PL) from the
annealed films has been explored. Intense room temperature PL has been observed from films with x=1.5, visible
with a naked eye. It has been shown that PL spectra of most samples consists of two main bands: (i) a ‘green’
band centered at about 2.3 eV, whose position does not change with annealing conditions and (ii)an ‘orange-red’
band whose maximum moves from 2.1 to 1.7 eV with increasing annealing time and temperature and decreasing
initial oxygen content. These observations have been explained assuming recombination via defect states in the
SiOx matrix for the first band and emission from amorphous Si nanoparticles for the second one.

Amophuu SiOX TBHKH CJI0€BE C HETHPH Pa3IHIHH chabpkanua Ha kucnopoa (x = 1,13, 1,4, 1,5u1,7)ca
MOJy4EHH Ypes TEPMUUHO H3Naperie Ha SiO BBB BAKYYM W ClIE TOBA OTIPETH NPH 770 unu 970K B Aprox 3a
pazuunk Bpemera >40 min. M3cneasao e BIHAHUETO Ha yCOBHATA HA OTrPABAHE W MMbPBOHAYANHUA CHCTAB HA
cnos BbpXy GOTONYMHHECUCHUNATA (PL) ot oTrpeTute QHiIMH. Wurensusna PL, BuaAKMMa C NPOCTO OKO, €
pabonasaHa Mpu crafiHa TemMnepartypa ot ¢uamu ¢ x21.5,. [Tokazano e, e PL criekTpHTe Ha NOBEYETO
o6pa3uy ce ChCTOAT OT JIBE OCHOBHH HBHILM: (i) "3eneHa" WBHLA C LCHTBP OKOJIO 2.3 eV, 4yusTO MO3HLMs HE CE
NPOMEHS C YCIOBHATA Ha OTTPSBAHE 1 (ii) "oparKeBo-4epBeHa" MBMLA, YHHTO MAKCUMYyM CC nBuKK oT 2,1 1o
1,7 €V ¢ yBenuuaBaHe Ha BPEMETO H TeMIepaTypata Ha OTrpABatc M HaMaJiBaHe Ha MbPBOHAYANTHOTO
chIbpKaHHe Ha kucopolt. Tesn HabmoneHus ca oBsicHEHH ¢ peKoMOHHALMS Upe3 Ac(eKTHH ChCTOANNA B SiOx
MaTpHLATa 3a ITbpBaTa MBHLA W EMUCHA OT amopdHu HaHouacTHUM Si 3a BTOpATa.

'7.10. I. Bineva, D. Nesheva, M. Séepanovi¢, M. Gruji¢-Brojéin, Z.V. Popovi¢ and Z. Levi
.Dependence of photoluminescence from a-Si nanoparticles on the annealing time and
exciting wavelength” J. Lumin., 126, 7-13 (2007) ISSN: 0022-2313, DOL:
10.1016/j.jlumin.2006.04.011, IF 2.75 (2018), Q1

Thin films of SiOx having thickness of 0.2 mm and oxygen content x =1:5 or 1.7 are prepared by thermal
evaporation of SiO in vacuum. Then some samples are furnace annealed for various times (in the range 5-60
min) at 770 and 970K and some others are rapid thermal annealed at 970K for 30 and 60 s. Photoluminescence
(PL) measurements are carried out at room temperature using the 442nm line of a He—Cd laser and the 488nm of
an Ar laser for excitation. The effect of the annealing conditions and wavelength of the exciting light on the
shape of the PL from these films is explored. The deconvolution of the PL spectra measured with the 442nm line
from samples annealed at 770K for 40 min reveals two distinct PL bands peaked at around 2.3 and 2.5 eV, which
do not shift appreciably with increasing annealing time. In addition, at longer annealing times, a weak third band
is resolved centred in the range 2.0-2.1 eV. It exists in the spectra of all samples annealed at 970K being more
prominent in the samples with x = 1:5. The intensity of this band shows different dependences on the annealing
time in the films with different initial composition. The results obtained are discussed in terms of radiative
recombination via defect states in the SiOx matrix (the 2.5 eV band) or at the a-Si-SiOx interface (the 2.3 eV
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band). The band centred in the 2.0-2.1 eV range is related to recombination in amorphous silicon nanoparticles
grown upon annealing.

paznuunu PL uBMuM ¢ nmuk okoso 2,3 12,5 eV, KOHTO He ce M3MECTBAT 3HAYHTETHO C YBCJIM4ABAHE HA BpeMeTo
38 oTrpaBaHe. B nonbanenue, MPH NO-IBJITH BPEMEHa Ha OTrpsBaHe ce OTKPHBA HUCKOMHTCH3UBHA TPETa HBMLA,
UEHTpUpaHa B nuanasona 2.0-2.1 eV. Ta CLLICCTBYBA B CTIEKTPHTE HA BCHUKK Npolu, OTrpATH npH 970K, kato e
no-salenexum B npoGuTe ¢ x = 1:5. HHTeH3nTeTHT Ha Ta3n HBMIA Nokasea PasIMiH1 3aBUCHMOCTH OT BpEeMeTo

TOUKA Ha pajiuauMOHHA pekoMOHHALMS upe3 AeheKTHH CheToAHMS B SiOX Marpuuara (upuua 2,5 eV) wim Ha
nhtepdeiica a-Si-SiOx (uBuua 2.3 V). WBuuara, uentpupana B amamnasoma 2.0-2.1 eV, e cBbp3ana ¢
PEKOMOHHALMS B aMOP(HH CHIIMLMEBH] HAHOHACTHLIH, H3PACTHATH MPH OTrPsABAHE.

I'7.11. R. Herrera, M. Curiel, A. Arias, D. Nesheva, N. Nedev, E. Manolov, V. Dzhurkov. O.
Perez, B. Valdez, D. Mateos, 1. Bineva, W. dela Cruz, O. Contreras “Structural,
compositional and electrical characterization of Si-richSiOy layers suitable for application in
light sensors” Materials Science in Semiconductor Processing (2015) 37, 229-234.
ISSN:1369-8001, IF:1.955. Q2

Metal-Oxide-Silicon(MOS) structures containing silicon nanoparticles(SiNPs) in three different gate dielectrics,
single  SiOx layer(c-Si/SiNPs-SiOx), two-region(c-Si/thermalSiOx/ SiNPs-SiOx) orthree-region(c-
Si/thermalSiO2/SiNPs-SiOx/Si02) oxides. were prepared on n-type (100)c-Si wafers. The silicon nanoparticles
were grown by a high temperature furnace annealing of sub-stoichiometric SiOx films (x¥1.15) prepared by
thermal vacuum evaporation technique. Annealing in N2 at 700 or 1000°C leads to formation of amorphous or
crystalline SiNPs in a SjOx amorphous matrix with x'1.8 or 2.0, respectively. The three-region gate dielectric
(thermal SiO2/SiNPs-Si02/Si02) was prepared by at wo-step annealing of c-Si/thermalSiO2/SiOx structures
atl000 °C .The first annealing step was carried out in an oxidizing atmosphere while the second one was
performed in N2. Cross-sectional Transmission Electron Microscopy and X-ray Photoelectron Spectroscopy
have proven both the nanoparticle growth and the formation of at three region gate dielectric. Annealed MOS
structures with semitransparent aluminum top electrodes were characterized electrically by current/capacitance—
voltage measurements in dark and under light illumination. A strong variation of the current at negative gate
voltages on the light intensity has been observed in the control and annealed at700°C ¢-Si/SiNPs-SiOx/Al
structures. The obtained results indicate that MOS structures with SiO1.15 gate dielectric have potential for
application in light sensors in the NIR-Visible Light-UV range.

CTpyKTYpH MeTan-okcHa-cunnuuii (MOS), cbabpxaun cuanumenn HaHouacTuuu (SiNPs) B Tpu paznnunu
FCHTOBH MMENEKTPHKA, eAHHHUEH ciol SiOx (c-Si/SiNPs-SiOx). nByo6nacren (c-Si/repmuuen SiOx/ SiNPs-
SiOx) unu TproGnacren (c-Si/thermaISiOZ/SiNPs-SiOx/Si02) okcnau, 0sxa nonyuenu BBPXY n-tun (100)c-Si
M1acTHHH. CHIMUMEBHTE HAHOUACTHLM Ggxa W3PACTHATH 4Ype3 BMCOKOTEMIIEPATYPHO OTrpsBaHe B newl Ha
cybetexnometpuunn SiOX TbHKM clioese (x = 1.15), noayuenn upes TEPMUYHO BaKyyMHO wu3napeHue,
OtrpaBaneto 8 N, npu 700 wau 1000 °C BOAK 110 oOpasysaHe Ha amopHu Wiw KpucTanin SiNPs B SiOx
amopHa matpuua ¢ x = 1.8 wnn 2.0. CbOTBETHO. JIHENCKTPUKBT ¢ Tpu obGnacTy (Tepmuten SiO,/SiNPs-
Si0,/Si0,) Gewe nosyuen pe3 AByETanHo oTrpasane Ha c-Si/Tepmuten Si0,/Si0; crpykTypu npu 1000 °C,

CICKTPOCKOMMSA 10KA3BaT KAKTO pacTeska Ha HaHo4acTHUMTE, Taka W obpasyBaHeTo Ha JIMENIEKTPHK € TpH
obnactH. Hanpasenu ca M3MEPBAHUA HA TOK/KaNalUTET-HAMPEKEHHE HA ThMHO 1 MpH OCBETJICHHE HA 3aKaleHN
MOS crpykrypu ¢ NOJYNpO3paiHyu anyMUHHEBH ropHi enektpoan. HaGmonasa ce CHITHO M3MEHEHHE Ha ToKa
fPH OTPHUATEJHM HaNpPEXKEHHs OT HHTeH3IMTeTa Ha CBETNIHHATA B KOHTPOJIHMTE W OTIpeTHTE npu 700°C
CTPYKTYpH ¢-Si/SiNPs-SiOx/Al. Monyuenure pesyiTath nokassat, ye MOS cTpykTypute ¢ NOHENIEKTPHK Ha
sarsopa SiOl.15 umaT notenuman 3a NPUNOKEHNE B CBETIHHHN CeH30pH B Anana3ona NIR-BuaHMa CReT A
uv,
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['7.12. D. Nesheva, N. Nedev, M. Curiel, V. Dzhurkov, A, Arias, E. Manolov,D. Mateos, B,
Valdez, I. Bineva. and R. Herrera “Application of Metal-Oxide-Semiconductor structures

containing silicon nanocrystals in radiation dosimetry” Open Phys. 13 (2015)63-71.
ISSN:2391-5471, DO]:lO.]SIS/phys-2OI5-0006. [F 1.085. Q2

This article makes a brief review of the most important results obtained by the authors and their collaborators
during the last four years in the field of the development of metal-insulator-silicon structures with dielectric film
containing silicon nanocrystals, which are suitable for applications in radiation dosimetry, The preparation of
SiOx films is briefly discussed and the annealing conditions used for the growth of silicon nanocrystals are
presented. A two-step annealing process for preparation of metal-oxide-semiconductor structures with three-
layer gate dielectrics is described. Electron Microscopy investigations prove the Sj nanocrystals growth, reveal
the crystal spatial distribution in the gate dielectric and provide evidences for the formation of a top SiO2
layerwhen applying the two-step annealing. Two types of MOS structures with three region gate dielectrics were
fabricated and characterized by high frequency capacitance/conductance -voltage (C/G-V) measurements. The
effect of gamma and ultraviolet radiation on the flatband voltage of preliminary charged metal-oxide-
semiconductor structures is investigated and discussed

ANCNCKTPUYEH IO, CbABPXKAIL CHAMUMEBH HAHOKpHCTAH, KOMTO ca noaxomswm 3a NpUIOKEHHs B
paanaunoHHara 103umetpus. OBchikaa ce HakpaTko nonyyasaneto Ha SiOx cioepe 1 ce NPEeaCTaBsT yCA0BHATA
Ha OTrpsABaHe, W3MoN3BaHM 3a pacrtexa Ha cuauuuesuTe Hanokpuctanu. Onucan e IBYeTanew npouec na
OTTpsiBAHE 3a nonyuyaBave Ha METATOOKCHAHW  MOJIYNPOBOAHHKOBH CTPYKTYPH  C  TPHCIOHHM  refiToRu
Anenexkrtpuum. Miacnenpanmsta c CJCKTPOHHA MMKPOCKOMHA nokaspat PacTena Ha HaHokpucTanute Si,
PaskpuBaT npoctpaHcTreHOTO pasnpeneneHue Ha kpucranure g ANCNCKTPHKA W NPENOCTABAT N0KA3aTeNCTRA 3a
obpasysanero Ha ropet enoit SiO2 npu npunarane Ha ABYCTBLIKOBO oTrpaBane. [ponsseneny ca nBa tuna MOS

['7.13. D.Nesheva, V. Dzhurkov, M., Scepanovic, I.Bineva, E.Manolov, S. Kaschieva, N,
Nedev, S. Dmitriev, Z. Popovic High Energy Electron-Beam Irradiation Effects in Si-SiOx
Structures. Journal of Physics: Conference Series, Institute of Physics, 682 (2016) 012012
ISSN:1742-6596, SIR:0.22 doi:lO.1088/1742—6596/682/1/0]2012. Q4

Homogeneous SiOx films (*=1.3, 200 nm and 1000 nm thick) and composite a-Si-SiOy films (v ~ 1.80)
containing amorphous Sj nanoparticles have been prepared on crystalline (c-Si) substrate. A part of the films was
irradiated at temperature below 50 oC by 20 MeV electrons with two different fluences (7.2% 10" and 4410
el.cm-2). Atomic force microscopy (AFM), Raman spectroscopy and capacitance (conductance) - voltage (C(G)-
¥) measurements on Al/e-Si/SiOx/Al or Al/e-Si/(a-Si-SiOy)/Al structures were used to get information about the
irradiation induced changes in the surface morphology, the phase composition in the film bulk and at the Si-SiOx
interface. The AFM results show that the electron irradiation decreases the film surface roughness of the films
annealed at 250 oC. The Raman scattering data imply appearance of amorphous silicon phase and some structural
changes in the oxide matrix of the homogeneous SiOx films. In the composite films electron beam stimulated
decrease of the defects at the a-Si/SiOy interface has been assumed. The initial C(G)-V results speak about
electron induced formation of'electrically active defects in the SiOy matrix of the composite films.

Xomorennn SiO, cnoege (x = 1.3, 200 nm u 1000 nm nebennHa) u KoMno3uTHy a-Si-Si0y cnoese (v ~ 1.80),
CbABLPKALLN aMOp(hHH HaHOuACTHLY Si, ca omnoxkenn BbpXY KpucTanHa (c-Si) moanowka. Yact ot cioesere
Oaxa 00nLUeHY fpu Temnepatypa noa 50 °C or 20 MeV C/ICKTPOHU ¢ 1BA pasiMyuHK thayenca (7.2x10" y
1.44x10" el.em™), HM3nomseanu ca dTOMHO-CHJIOBA MHKPOCKOMHS (AFM), pamanoga CNEKTPOCKOMUA 1
M3MEPBAHUS Ha KanaluTeT (mpooanmocr) - Hanpexenue (C(G)-V) Ha Al/c-Si/SiOx/Al HITH AI/c-Si/(a~Si-SiOy)/
Al cTpyKTYpH 323 foJIyHasane Ha HH(opMaLms 3a npeausBiKkanuTe OT 00ABYBAHETO NpoMeny B Mopdonorusta
Ha NoBbPXHOCTTA, (ha30BMS cheTas B 0Gema Ha duaMa u wHa HHTepdeiica Si-SiOx. Pesyatarute or AFM
!1OKa3BaT, Y€ eNEKTPOHHOTO OBNBYBAHE Hamanspa FPanaBocTTa Ha NOBLPXHOCTTA Ha cloeBeTe, OTIPETH MNpu
250°C. Jlannure 3a PaMaHOBOTO pasceiiBane npeanonarar nosizata Ha amophHa cHAMLMeBa $hasa u nakou
CTPYKTYPHH NpPOMEHH B OKCHIHaTa Matpuua Ha XomoreHnute SiQx buamn. B komMnosuthute cioere ce
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['7.14. D Nesheva, M Séepanovi¢, M Gruji¢-Brojéin, V Dzhurkov, S Kaschieva. I Bineva, S
N Dmitriev and Z vV Popovi¢ Photoluminescence from 20 MeV electron beam irradiated
homogeneous SiOx and composite Si-SiOy films Journal of Physics: Conference Series. Vol
764, Number 1, 012018, ISSN:1742-6588, DOI:10.I088/1742-6596/764/1/0]2018. 012018.
SJR:0.211. Q4

The effect of 20 MeV electron irradiation on the room temperature photoluminescence from homogeneous SiO
and composite Si-SiOx films, containing amorphous or crystalline Si nanoparticles, is studied. Layers with x =
1.5 and 1.7 and thickness of 200 nm were deposited on crystalline silicon substrates by thermal evaporation of
SiO in vacuum. Film annealing in an inert atmosphere at 700 «C or 1000°C for 60 min was applied to grow
amorphous or crystalline silicon nanoparticles, respectively, in a SiOx matrix. Samples from all types of films

were irradiated with 20 MeV electrons at close to room temperature and a fluence of 2.4+ 10" el.em:.

Photoluminescence was measured under excitation with the 488 nm line of an Ar laser. The electron irradiation
causes a decrease of the integrated photoluminescence intensity in composite samples with initial x = 1.7

Wscnensan e edexra wa CNCKTPOHHO 00nbuBane ¢ 20 MeV BHPXY (hoTONyMHUHeCUeHIHsTA npH cTaiiHa
TEMNEpaTypa ot XxoMorenHn SiOX W kKOMNO3HTHY Si-SiOx cnoege, ChbIbpAKALUIH aMOPOHN Wi KpucTannu S
HaHouacTuun. Cnoese ¢ X = |.5 4 1.7 u aedennna 200 nm ca oTnowennu BbPXY KPHUCTAIHH CHAHLMERH
NOLNIOKKH Ype3 TepMHUYHO W3NnapeHue Ha SiO BbB BAKYYM. 3a w3pacTBaHe Ha amMOp(HU MM KpHcTanHu

CNIEKTPOHHM NpH TeMniepaTtypa, Ginska 10 CcTaiinara, u gyeHc ot 2,4x10" el.cm™, DoTonyMHHeCUEHIMATA Gele
M3MEpeHa npu Bb36yxaaHe ¢ 488 nm uHus Ha Art nasep. EnekTpoHHoTO 06abyBane NPHYMHABA HaMansBaHe
Ha MHTErpajHUA MHTEH3HUTET Ha (otonymunecuennmsita B KOMIO3UTHH NpobH ¢ nbpeBoHauanHo KHCJIOpoaHO
ChIbpkaHne x = 1.7, chawbpikawu amMop(HH MM KpHCTanHu HAaHOHACTHUM W X = |.5 ofpasum ¢ Sj
HaHOKpuCTann. EnextponHoTo o6ibysane Ha oBpasunre ¢ x = 1.5 ¢ aMOPMHH HAHOUYACTHLM Neko NoBHLIABA
HHTEH3WTETA Ha  hoTonyMHHecueHLsTa, Monyuennre pesyarath ca OOCBAEHH 1O  OTHOWIEHHE Ha
HHIYIHPaHOTO OT eNleKTPOHEH Jihy (ha3opo PasiCisHe 1 yBeMaBate Ha pasmepa Ha Si HaHoYacTHINTE,

['7.15. D. Nesheva, Zs. Fogarassy, M. Fabian, T. Hristova-Vasileva, A. Sulyok, I. Bineva, E.
Valcheva, K. Antonova, P. Petrik. “Influence of fast neutron irradiation on the phase
composition and optical properties of homogeneous SiOx and composite Si-SiOy thin films™,
J Mater Sci, 56, Springer Nature, 2021, 3197-32009, ISSN:1573-4803,
DOI:htIps://doi.org/lO.1007/510853-020-05338~3, [F:4.22 Q1.

Layers and devices utilizing semiconductor nanocrystals have been the subjects of intensive research due to
applications in opto- and microelectronic devices, solar cells, detectors, memories and in many more fields. We

present research, we investigated the influence of neutron irradiation on substoichiometric silicon oxide. We
investigated both homogeneous case and inhomogeneous case of matrices with silicon nanoclusters, We found
that a fast neutron flux of 5.5 x 10" neutrons/cm?2 s and a fluence of 3.96 x 10’ neutrons/em2 induce phase
separation in the homogeneous films, whereas it decreases the volume fraction of the amorphous silicon phase
caused by the reducing size of amorphous nanoclusters in the inhomogeneous films.

Crnoesete u ycrpoiicrpara, H3MOM3BALLK  1ONYNPOBONHHKOBH HAHOKpHCTANN, ca OGEKT Ha uHTeHIUBHY
H3C/ICABAHNA NOpaaKH MPUIOKEHHS B ONTO- u MHKPOCNICKTPOHHN yCTPOIicTBA, CIbHUECBH KieTku, AETEKTOPH,
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MAMETH W B MHOro apyru oGnactu. ITo-paHo nokasaxme, ue Tesu HAHOKPHCTANN B 1MENEKTPUYHH MaTPHLM
MPETLPNABAT  3Ha4YWTeNHAa pedopmauns mno BPEMC  Ha  eNeKTPOHHO oGmbyBaHe. M3cnensaneto  na
B3aMMOCHCTBHETO  Mexkay MONTYNIPOBOHHKOBUTE  HAHOKJACTEPH W 0ObYBAHETO e BAXHO KakTo 3a

CyOCTEXHOMETPHYHMS CHTHLMER OKCHI. M3cnenBaxme kakTo xoMoreHen CAyuai, Taka u HexomoreHen cayuaii
Ha MaTpuUK CbC CHAWUMEBH HaHOKnacTepu. YcrtaHoBuxme, uye Obp3 HeyTpoHeH notok o 55 x 10"
HeyTpoHa/cm’ s u bayene ot 3,96 x 10" HeyTpoHa/cm? HHIYUHpPA pasfenste Ha azute B XOMOreHHHTe (huamm,
KAaTO CHIICBPEMEHHO HaMaNABa 06EMHATa YacT Ha amop(nara cunnumesa asa, NPHYHHEHA OT HAMANABAHETO Ha
pasMepa Ha amMop(hHH HaHOKNIACTEPH B HeXOMOreHH HTE crloese.

['7.16. N Starbov, S Balabanov, I Bineva, A Rachkova, E Krumov and K Starbova , Al doped
ZnO0 thin films — microstructure, physical and sensor properties* Journal of Physics:
Conference Series 398 (2012) 012019 doi:10.1088/1 742-6596/398/1/012019,
ISSN:17426588. SIR 0.226 Q4

Thin ZnO films doped with Al are deposited by spray pyrolysis onto glass substrates using starting solution of
Zn-acetate + n.AICI (where 0.1 < n < 30 at.%). The ZnO phase composition and surface morphology are
revealed via X-ray diffraction or atomic force and scanning electron microscopy respectively, UV/VIS
transmittance/reflectance, as well as DCconductivity measurements are applied in order to reveal the influence of
the Al doping on the optical and electrical transport properties of the films studied. The sensing efficiency of the
pure as well as of doped ZnO films for detection of noxious gases is checked via resistivity measurements under
saturated vapours of ethanol, acetone, ammonia, dimethylamine and formalin at room temperature. Finally the
results obtained are discussed concerning the application of the ZnO:Al films studied in the field of sensor
technique.

TvHEH ZnO cnoese, Jiernpain ¢ Al, ca omnoxenu upes Crpell MUpONH3a BBPXY CThKAEHN NOMJIOKKH ¢
H3MOJI3BAHETO Ha H3XOJEH Pa3TBOP Ha Zn-auetar + n,AlC] (kbaero 0,1 <n <30 at.%). ®azoBusT chertas Ha ZnO
H MOP(ONOruATa HA MOBLPXHOCTTA Ca H3SCHEHH CBOTBETHO 4PE3 PEHTIeHOBA AN(PAKLINA HIH ATOMHO-CHAORA H

['7.17. D. Nesheva, V. Dzhurkov, 1. Stambolova, V. Blaskov. I. Bineva, J. M. Calderon
Moreno, S. Preda, M. Gartner, T. Hristova-Vasileva. M. Shipochka, Surface modification and
chemical sensitivity of sol gel deposited nanocrystalline ZnO films. Materials Chemistry and
Physics, Volume 209, 2018, Pages 165-171, DOI:httpS://doi.org/]O.]O]6/j.matchemphys.
2018.01.074, ISSN 0254-0584, IF 2.084 Q2

Sol gel prepared nanocrystalline ZnO thin films are modified by combined usage of complexing agent
(diethanolamine or monoethanolamine) and polymer (hydroxypropy! cellulose or ethylcellulose) in the initial
sol. X-ray diffraction, Scanning electron microscopy and Atomic force microscopy are applied to get
information about the crystallographic structure, microstructure, surface roughness and morphology of the films.
It is shown that the unmodified films are smooth (root mean square roughness of 1.6e3.5 nm) with no surface
cracks and consist of densely packed nanocrystals. Peaks, pits and aggregates of various density and size are
observed on the surface of the modified films and the surface roughness increases up to 39 nm. It is found that
the modification effect is determined by the specific combination ‘polymer - complexing agent’ used during the
film preparation. The influence of the surface modification on the films' sensitivity to ethanol vapors at room
temperature is studied by carrying out resistive measurements. A sensitivity increase of up to ten times is
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reached when combinations ‘diethanolamine - ethyleellulose” and ‘monoethanolamine - hydroxypropyl
cellulose’ are used causing significant increase of the total contact surface.

Hanokpucranun ZnO ThHky C/IOEBE, MONYYEHH CBC 30J- Tefl METOA, ca Moan(pULMpaHK upe3 KOMOHHHpaHo
H3NON3BAHE Ha  KOMMIEKCOOOpasyBawl  areHT (anetaHonamuu W MOHOETaHOMAMMH) 1 nonumep

PANAROCTTA HA MOBBLpXHOCTTA cc yBeldaBa 10 39 nm. YcraHoseHo e, ue MOAHGHUMPALLHAT edekT ce
Onpenens oT crneuupuuHaTa koMGuHalHs »[OIUMED — KOMMNIeKco00pasyBawt areHT", n3nonsean no BpeMe Ha
OAroTOBKATa HA (huiaMa. BausuueTo Ha MOBLPXHOCTHATA MOMH(HKALMA BBPXY YYBCTBUTETHOCTTA Ha bunmuTe
KbM MapuTe Ha eTaHoMa NMpH cTaliHa Tem fi€paTypa e uscnenBaHo upes W3BbPLIBaHE Ha PE3NCTUBHH U3MepBaHua.
Hoctura ce ysennuenwe wa HYBCTBHTE/IHOCTTAa 10 JECET MbTH, KOraTo ce H3MOJ3BAT KOMOMHALIMK
»AMETAHONAMHH — eTUILENY03a M MOHOETAHONAMUH — XHAPOKCHNPONWI  LeNyn03a®, koeto BoaH a0
3HAYHTEIHO yBe/HYaBaHe Ha o61IaTa KOHTAKTHA MOBBPXHOCT.,

['7.18. 1. Bineva, R. Voicu, A. Dinescu, R. Gavrila. R, Muller, D. Esinenco, B. Bucur. M.
Diaconu and L. G. Radu “Si0, microcantilevers designed for biosensing: experiments and
simulations™ Romanian Journal of Information Science and Technology (ROMJIST), 10.
Number 1, 13-23 (2007). (2018) ISSN: 1453-8245,
https://www.webofscience.com/wos/woscc/full-record/WOS:000255345300002, IF0.661 Q4
(Web of science)

A cantilever array with dimensions of the beams 150x80x1.2 um has been fabricated. Three different
biochemical compounds were deposited and the cantilever was investigated using scanning electron microscopy
(SEM) and atomic force microscopy(AFM). Depending of the compound, a displacement in both directions
between 2 and 9um has been observed. The arching effect was no observed Simulations using CoventorWare
have been made and stresses have been calculated between 12 and 60.4 MPa. In conclusion, the results show that
the cantilever is fairly sensitive and it can be used for biochemical application.,

M3paborena e kanTuTHBBPHA PEAHtKa € pasMepH Ha KaHTHIHBpHTE 150x80x1,2 um. Baxa AENO3UPAHU TpH
PA3THYHK OHOXUMUYHH CheAHHEHUA W KAHTHIT MBbpa Oelue u3ciaeaBana ¢ nomolTa Ha CKaHHpalla eNeKTpoHHa
MHUKpockonus (SEM) u aTomHo-cunosa Mukpockonus (AFM). Bewe nadmonasano OTMECTBaHe Ha

apkata. HanpaseHu ca cumynaumu ¢ nomowsra na CoventorWare u ca usuncnenn HanpexeHus mexay 12 n 60.4
MPa. B sakmouenue, pesyarature MOKA3BAT, Ye KAHTHIHBBPA € 10CTA UYBCTBUTENEH 1 MOYKe na Obae
H3MONI3BAH 32 OHOXUMUYHK MPUIOKEHNS,

I'.7.19. C. Dikov, P. Vitanov, T. Ivanova, V. Stavrov, E. Tomerov. G. Stavreva, I. Bineva,
“Optical and electrical properties of Ti0,/PU/TiOs/nanolaminate structures™ Journal of
Physics: Conference Series 2018, 992 (1), art. no. 012033, ISSN:1742-6596, DOI:
10.1088/1742-6596/992/1/012033. Q4 SIR

We report the results of a study on the optical and electrical properties of nanolaminate TiO2/PUTiO?2 structures
fabricated using RF magnetron sputtering, The effect was investigated of the discontinuous Pt layer on the
optical transmittance, electrical conductivity and morphology of the TiO2/Pt/TiO2 structure. On the basis of the
theory of electronic tunneling transport between metal granulates in a dielectric matrix. a new technological
approach is proposed of preparing high-sensitivity strain sensors based on resistors with a nanolaminate structure
containing Pt granulates.

Jloknansanu ca pesyntatute ot m3cnensane Ha ONTHYHNUTE H ENCKTPUYHM CBOICTBA HA HAHONAMHHATHH
TiO2/PY/TiO2 CTPYKTYPH, NONYYEHH Upe3 pagHOuecTOTHO MarHeTponHo pasnpawBade. Bewe wscieasalio
BIMAHWETO Ha npekbeHatH Pt cioli BBPXY onTuunoTo Mponyckake, NpoBOAUMOCTTAa W MopdonoruaTa Ha
TiO2/PYTiO2 CTpyKTYpa. Bb3 ocHoBata Ha TCOPHATA 3a TyHeneH TpaHcnopT MEWIY METalHuTe rpaHyn B
AHCICKTPHYHA MaTPHLIA € NPENIOKEH HOB TEXHONOrHUEH MOAXOA 33 NOMy4aBAHE HA BUCOKOYYBCTBHTEIHH
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CEH30pH 3a nedopMaLMs Ha OCHOBaTa Ha CHIPOTHB/ICHNA C HAHOJNAMMHATHA CTPYKTYpa, Chabpkaln Pt
rpaHyJiu.

I'8. IlybmkyBana raasa ot knura win KO/IEKTHBHA MOHOTpadus

I'8.1 Diana Nesheva, Nikola Nedev, Mario Curiel, Irina Bineva, Benjamin Valdez and Emil
Manolov “Silicon Oxide Films Containing Amorphous or Crystalline Silicon Nanodots for
Device Applications™ in “Quantum Dots / Book 27, InTech publishers, ISBN 979-953-307-
857-0, 2012, Chapter 9, 186-206.

In this chapter a review is made of the most important results obtained during the last five years by the authors
and their collaborators in the field of development of metal-insulatorsilicon structures with dielectric film containing

part gives information about the preparation of SiOx films of different compositions and the annealing conditions
used for the growth of amorphous (na- Si) and crystalline (nc-Si) silicon nanoparticles. Infrared absorption and
Rutherford backscattering data give information on the oxygen content, while X-ray Diffraction and Reflectivity, X-
ray Photoelectron Spectroscopy, Transmission Electron Microscopy, Atomic Force Microscopy, Infra Red
Transmission and, Raman Scattering spectroscopy and Spectroscopic Ellipsometry data give information about
the effect of furnace annealing on the properties of the SiOx films. In the third part newly developed techniques
for preparation of MIS structures containing amorphous and crystalline Si nanoparticles suitable for non-volatile
memory application are described. The fabricated MIS structures are characterized by high frequency (100 kHz
and 1 MHz) capacitance/conductance—voltage (C/G-V) measurements at applied dc voltage varying within a
voltage range + 15 V. The last fourth part presents recent data on preparation of MIS structures containing Si
nanocrystals and their response to »-radiation.

B Tasn rnasa e Hanpasen npersien ma HaH-BOXHNTE pe3ynTaTh, nonyyeHu MPE3 NOCNEHUTE MET FOAMHH OT
ABTOPUTE W TEXHHTE CLTPYAHHUM B 06NACTTa Ha Pa3paboTBAHETO HA METANIOM30ATOPHH CHINLIMERH CTPYKTYpH
€ AMENCKTPHYEH CIIOH, ChabpXkaLL aMOPhHH MK KPHCTaNHK CHIMLIMEBH HAHOYACTHLH, KOWTO ca MOAXOAA LK 33
DRAM namer u pagnaumonnu Npunoxkenna. B yoanata yact e nanpasen KPaTbK Nperien Ha pesyntaTuTe oT
APYTW W3CNEN0BATE/ICKH TPYNH BbpXY MIS CTPYKTYPH, ChAbPKALM Si HaHOYACTHLH 3a €HEepProHe3arMcHMa
MAMET W AETEKTOPHM npunoxenus. Clenpaluara BTOpa 4act nasa uH(pOpMauus 3a nonydasaneto Ha SiOx

AaBaT HH(pOpMaLMA 33 CHABPKAHHETO Ha KHCIIOpON, N0KaTo NaHHWTE OT PeHTreHoBaTa andpakuns u
OTpasABaHe, peHTreHoBata (oToeNeKTPOHHA CTEKTPOCKOMNSA, TPAHCMHCHOHHATA €eKTPOHHA MHKPOCKOMHA,
aTOMHO-CHJIOBATa  MHKPOCKOMMS, HHPauepBEHOTO  mponyckate, Pamanopata  cnextpockonus  n
CMEKTPOCKONCKaTa eMMCOMETPUS naBaT HH(OpMAaLKs 3a eeKTa Ha OTrpABAHETO BHPXY CBOHCTBATA Ha SiOx

KanauuTeT/NpoBOIMMOCT-HaNpeKeH e (C/G-V) npn npunoxkeno nocrosHHo HanpexeHue, Bapupawo =
/ManasoH Ha Hanpexenue + 15 V. [Mocnenuata HETBLPTA HACT NPEACTABA CKOPOLIHK NaHHK 32 NOATOTOBKATA Ha
MIS cTpykTypu, chabpikamwm Si HAHOKPUCTANTH U TeXHHS OTFOBOP Ha Y-TbUueHHe




