XAPAKTEPUCTUKA HA YYEBHATA JIUCHUIIJIMHA

HaunmenoBanue Ha yuebnara nucuumummnaa: | Kog: MSUREOQ3 Cemectsp: |
IMoxkpuTHusi — MeTOIM 32 MOJTy4YaBaHe U
oxapakTepu3upaHe
Bun Ha 00yueHuero: Cemectpuanen xopapuym: | bpoit kpenutu: 4
Jlextum (JI) JI - 20 gaca
Jlaboparopuu ynpaxuenus (JIY) JIY — 20 gyaca

JIEKTOP(H):

noi. 1-p Credan Boikos, Ten. 066 827321, e-mail:stsvalkov@tugab.bg
Texaudecku yHUBEpCHUTET - ['abpoBo
non. 1-p nmk. Mopnanka Tpudonosa, Ten. 0894 60 49 87; e-mail: danche@uctm.edu
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CTATYT HA JIUCHUIIJIMHATA B YYEGHUSA IIJIAH: 3anpmxkutenta yaeOHa AUCIUILTHHA
oT y4ueOHHUsI TJ1aH/y4eOHUTE TUTaHOBE 32 00yueHue Ha ctyaeHTH 3a OKC ,,MarucTpp®, cieriuasHoOCT
“IToBBpXHOCTHO 00paboTBaHEe HAa MHXKEHEPHH MaTepuayn’, npodecuoHanHo HampasieHue 5.1.
MarmmuHHo HH)XXeHepCTBO U 5.6 MaTtepuanu u Marepuano3Hanue, oojact 5. TeXHMYeCKH HayKHU.

HEJIN HA YYEBHATA JUCIIUIIJIMHA: Cren 3aBbpllIBaHe Ha Kypca CTyIEHTHTE TpsOBa Ja
MMaT 3HaHMA 3a CTPYKTypara Ha OO€MHHU M THHKOCIOWHU MaTepHalii, 33 OCHOBHUTE METOJHU 3a
NOJIy4aBaHE Ha CJIOEBE, METOJU 3a YCTAHOBSIBAaHE HAa ChCTaBa Ha CJIOEBETE M 3a M3CJe/BaHE Ha
TEXHUTE MOP(OJIOTHA U CTPYKTYpa M J1a TH M3IMIOJ3BAT 32 CaMOCTOSITEIIHO WHTEPIPETUPAHE MPU
peliaBaHe Ha CIOXKHHU 3aJlaud, Ja Morar jaa (GopMmynupar M u3jiarar sICHO U pa30HpaeMo HIeH,
npoOeMH W penIeHusl IMpel CHENUATUCTH W HECIEUUATNCTH, KaTo IOKa3BaT paz0upaHe
COJIMIAPHOCT C JPYTUTE, Ja Ca YCBOWJIM METOIM 32 KAYeCTBEHUW M KOJMYECTBEHH OLICHKU M
OITMCAHUSL.

OINNCAHUE HA JUCIHHUIIJIMHATA: OcHoBuu temu: 1. Xumuuno otnarasne ot napu (CVD),
otriarade Ha atoMHH ciioeBe (ALD) u pusuuno ormarane ot rasosa dasa (PVD). 2. [TonyuyaBane
Ha TMOKPUTHS 4pe3 BaKyyMHO-TEpMUYHO u3napenue. 3. KarogHo pasmpamiBane, MarHeTpOHHO
pasmpaiiBaHe, UMITYJICHOTO Ja3epHO otiaraHe. 4. Cnpeill muponusa, OTJiaraHe Ha KOJIOMIHU
pastBopu. 5. ExexTpoxuMuyHO oTiaraHe Ha cioeBe. 6. Meronu 3a u3mMepBaHe Ha ne0ennHaTa Ha
cioeBe. MexaHMYHU CBOWMCTBA Ha ciioeBe. /. MeToau 3a omnpenessiHe Ha cheTaBa Ha ciioeBe. Oxe-
enekTponHa crnektpockonus (AES). Enepruiino-aucriepcHOHHa PEHTTEHOBA CIIEKTPOCKOIHS
(EDAX). PenrrenoBa ¢ortoenexktponHa crekrpockornus (XPS). 8. Meroau 3a ompepensiHe Ha
MopdororusTa Ha cioeBe. TpaHcmucuoHHa enekTpoHHa Mukpockonus (TEM). Ckanupamia
enekTponHa MuKpockonus (SEM). ArtomuocwioBa wmukpockorus (AFM). 9. Meromn 3a
olpenieNisiHEe Ha CTpyKTypara Ha cinoeBe. PentreHoBa audpaxius (XRD). Kpusu Ha paauanHo
pasnpeneneare (RDF). Hudpauepsena crnekrpockomnus (IR). PamanoBa crexkrpockonms. 10.
OmnpenensiHe Ha TPANaBOCT HAa TOBBPXHOCTTA M MEXAaHHYHO HAIMPEKECHHUE.

HPEAIIOCTABKHM: 3a onTUMaJHOTO YCBOSIBAHE MaTepuia Ha MpeajlaraHusi Kypc ca
HEOOXOIMMHU OCHOBHH Mo3HaHus no OOmo marepuanosznanue, Ouznka 1 XuMus Ha TBBPIOTO
TsA710, XUMUS 1 QU3NKOXUMHUSI Ha TIOJYTIPOBOITHUKOBUTE MaTEPUAIIH.

METOJ 3A TPENNIOJABAHE: Jlekiuu ¢ M3M0JI3BaHE Ha CIIAJIOBE U JIEMO-TIPOrpami,
1a00paTOPHUTE YIPAKHEHUS C TIPOTOKOJIH.

METO/IM HA U3ININTBAHE W OHNEHABAHE: ITucmen u3nuT B Kpast Ha ceMecTbpa (001110
70%), maboparopuu ymnpaxuerus (30%).

E3UK HA HPENTOJIABAHE: 6barapcku
HPENNOPBYHUTEJIHA JIMTEPATYPA:
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1. Milton Ohring, Materials Science of Thin Films — Deposition and Structure, 2nd Edition,
Academic Press, San Diego, CA, USA, 2002. 2. PaueBa-CtambomueBa T., TeXHOIOIrHYHH OCHOBH
Ha MUKpOEJIeKTpOHHUKaTa, u3Jl. [leyarna 6aza kbM MOH, Codus, (1991). 3. Bonennuapos X., M.
TpaiikoBa, C. IIspBanoB, JlabopaTopHu ymnpaxkxHeHUs TO (U3MKA HA TOJYNPOBOJHUIIUTE U
HOJYTIPOBOTHUKOBHTE Nprbopu, u3f. Ileuarna 6aza kbm MHIIL, Codus, (1991). 4. Kpucusn I,
JIx. O’Peiinmu, UncTpymenTanen ananu3, YHuB. usn. ,,CB. Ki. Oxpuncku”, Codwus, (2003). 5.
Elliott S., Materials science and technology, ed. J. Zarzycki, VCH, New York, (1991). 6. Gary E.
McGuire, Characterization of Thin Films and Coatings, In: Handbook of Deposition Technologies
for Films and Coatings - Science, Technology and Applications (2nd Edition), Ed. Rointan F.
Bunshah, NOYES PUBLICATIONS, Park Ridge, New Jersey, USA, 1994. 7. D.R. Baer, S.
Thevuthasan, Characterization of Thin Films and Coatings, In: Handbook of Deposition
Technologies for Films and Coatings - Science, Applications and Technology, 3" Ed., Edited by
Peter M. Martin, William Andrew Publishing, 2010.



DESCRIPTION OF THE COURSE

Name of the course: Code: MSUREOQ3 Semester: |

Coatings — methods for obtaining and
characterization

Type of teaching: Hours per semester: Number of credits: 4
Lectures (L) L — 20 hours

Laboratory work (LW) LW — 20 hours

LECTURER(S):

Assoc. Prof. Eng. Yordanka Trifonova, PhD (FCT), tel. 0894 60 49 87; danche@uctm.edu
University of Chemical Technology and Metallurgy-Sofia

COURSE _STATUS IN THE CURRICULUM: Compulsory subject from the
curriculum/curricula for the training of students to obtain Master's degree, specialty Surface
Engineering, Professional orientation 5.1 Mechanical Engineering and 5.6 Materials and Materials
Science, Field 5 Technical Sciences.

AIMS AND OBJECTIVES OF THE COURSE: At the end of the course the students must have
knowledge of the bulk and thin-film materials structure, the methods of obtaining layers, methods
for the composition, morphology, and structure determination and use them for interpretation in
solving complex tasks, to be able to formulate and present clearly and understandably ideas,
problems, and solutions to specialists and non-specialists, demonstrating understanding and
solidarity, and to have mastered methods for qualitative and quantitative assessments and
descriptions.

DESCRIPTION OF THE COURSE: The main topics concern: 1. Chemical vapor deposition
(CVD), atomic layer deposition (ALD), and physical vapor deposition (PVD). 2. Vacuum thermal
evaporation of coatings. 3. Cathodic sputtering, magnetron sputtering, pulsed laser deposition. 4.
Spray pyrolysis, colloidal solutions deposition. 5. Electrochemical deposition of layers. 6. Layers
thickness measurement methods. Layers' mechanical properties. 7. Methods for layers' composition
determination. Auger electron spectroscopy (AES). Energy dispersion X-ray spectroscopy
(EDAX). X-ray photoelectron spectroscopy (XPS). 8. Methods for layers' morphology
determination. Transmission electron microscopy (TEM). Scanning electron microscopy (SEM).
Atomic force microscopy (AFM). 9. Methods for layers' structure determination. X-ray diffraction
(XRD). Radial distribution function (RDF). Infrared spectroscopy (IR). Raman spectroscopy. 10.
Surface roughness and mechanical stress determination.

PREREQUISITES: For the optimal assimilation of the material of the offered course, basic
knowledge in General Materials Science, Physics and Chemistry of Solids State, Chemistry and
Physical Chemistry of Semiconductor Materials is required.

TEACHING METHODS: Lectures using slides and demo programs, laboratory exercises with
protocols.

METHOD OF ASSESSMENT: Written examination at the end of the semester (70%),
laboratories (30%).

INSTRUCTION LANGUAGE: Bulgarian

BIBLIOGRAPHY : 1. Milton Ohring, Materials Science of Thin Films — Deposition and Structure,
2nd Edition, Academic Press, San Diego, CA, USA, 2002. 2. Pauca-CtambonueBa T.,
TexHOJIOrMYHN OCHOBHM Ha MHUKpOENEKTpoHHKaTa, u3ll. [leyatHa 6aza kbMm MOH, Codus, (1991).
3. Bonennuapo X., M. TpaiikoBa, C. IIppBanoB, JlabopaTopHu ymnpaxHeHus 1o (uU3UKa Ha
HOJYTIPOBOIHUIIMTE U TOJYHPOBOJHUKOBUTE NpubopH, u3a. Ileyarna 6a3za kem MHII, Codus,
(1991). 4. Kpucusbn I'., [Ix. O’Peitnu, UncTpymenTaneH ananus, YHuB. u3jl. ,,C. Kii. Oxpuacku”,
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Codus, (2003). 5. Elliott S., Materials science and technology, ed. J. Zarzycki, VCH, New York,
(1991). 6. Gary E. McGuire, Characterization of Thin Films and Coatings, In: Handbook of
Deposition Technologies for Films and Coatings - Science, Technology and Applications (2nd
Edition), Ed. Rointan F. Bunshah, NOYES PUBLICATIONS, Park Ridge, New Jersey, USA, 1994,
7. D.R. Baer, S. Thevuthasan, Characterization of Thin Films and Coatings, In: Handbook of
Deposition Technologies for Films and Coatings - Science, Applications and Technology, 3™ Ed.,
Edited by Peter M. Martin, William Andrew Publishing, 2010.
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