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To Whom It May Concern, |
REVIEW

of the foreign scientific adviser to the dissertation work of Shongalova
Aigul, PhD candidate of Satbayev University, titled

"Promising methods for the synthesis and study of thin-film
chalcogenide materials",

submitted for the degree of Doctor of Philosophy (PhD) on the specialty
'6D074000 - Nanomaterials and Nanotechnology

Aigul's PhD thesis project aims to develop thin film fabrication processes
based on Sb,Se; by sputtering and heat treatment techniques and to study the
properties of these films. The studied properties aim to optimize the film
growth processes with a view to its application in photovoltaic devices.

In recent years, interest in the SbySe; compound has become evident with
researchers searching for ways to synthesize this compound using different
techniques. It was clear that the electrochemical, opto- and thermoelectric
properties make this material suitable for a plications in several areas of
technology. In this thesis, optimization includgd optoelectronic properties for
photovoltaic applications.

The study and optimization of the processes was carried out at various levels.
Different substrates, such as Si, SLG glass and a Mo coated SLG, were
applied to study the effect on the properties of Sb;Se; films. The effects of
the precursors' initial composition, the ratio between Sb and Se, the
sputtering parameters, the selenization profiles and annealing temperature
were also analysed. The fundamental properties were structural,
morphological and composition of the grown films. For the structural
analysis, techniques such as X-ray diffraction and Raman scattering were
used. Seanning electron microscopy was the technique used to study the
morphology of the films and energy dispersive spectrometry was applied to
obtain information about the composition.
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During her doctoral program and more specifically during her two stays in
Portugal, she had the opportunity to receive training in several areas and this
allowed her to be autonomous in the use of the various equipment needed to
carry out the work. Regarding her stay at the CIETI laboratories in Porto cit?',
she received training in the use of the sputtering systems, becoming fully
. autonomous in their use and allowing her to participate in all Sb,Se; film
' deposition processes. During her stay at the INL laboratories in Braga city,
she had the chance to learn the procedures and techniques for using XRD,
SEM / EDS for the characterization of films. This allowed her to gain
(% knowledge and autonomy to analyse the quality of the films and suggest
- approaches to optimize the quality of the films.

Her track record, with 12 published scientific papers, including 5 articles in
internalional peer-reviewed journals indexed in the Scopus and Web of
Science databases, which 1s described in her thesis, shows that the work she
developed in her doctoral program illustrates well the relevance and
innovation brought to the scientific community.

During the doctoral program, Aigul did not show any difficulty in learning
the various techniques and proved to be a committed and hardworking
person. I have no doubts that she is an valuable asset in any research team.

It my believe that Aigul Shongalova meets all the requirements for
dissertations for the degree of Doctor of Philosophy (PhD) in the specialty
| "6D074000 - Nanomaterials and Nanotechnology", and can be admitted to
‘ the public defense.

Porto, 6 of January 2023
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ISEP ITonutexuuveckuii HHCTUTYT [lopTy - WHXeHepHas 1Ko
JIns mpe IBABIEHHUS ITO MECTY TpeOOBaHUSA
Or3biB

3apyGe;KHOr0 HAYYHOro KOHCYJIbTAHTa HA AHCCEPTALMOHHYIO paboTy JOKTOpaHTa
Satbayev University [llonranoBoii AHry/jn Ha TeMy

« IlepcnekTHBHBIE MeTOAbLI CHHTE3a H HCCIEIOBAHHE TOHKOIUICHOYHBIX
XaJIbKOT€HHIHBIX MaTEPHATIO0BY,

NpeJCTABJICHHYI0 HA COMCKAHHE YYeHOH cTemeHHM JoKTopa ¢miaocodun (PhD) mo
cnenuaasaocTH 6D074000 — HanomaTepHajbl H HAHOTEXHOJIOTHH

JlokTopckas muccepraiys ARryip HanpapiieHa Ha pa3paboTKy IPOLECCOB H3TOTOBICHHS
TOHKUX IUICHOK Ha OCHOBe Sb2Se3 ¢ MOMOIIBI0 METONOB PacHBUICHHS M TepM0ooOpaboTku, a
TaK)Ke Ha H3y4YeHHe CBOMCTB THX IUICHOK. M3ydyeHHBIe CBOMCTBA HANPABJIEHB! Ha ONITHMHU3AIHIO
IPOIIECCOB POCTA IUIEHKH C LENBIO €e IPUMEHEHHS B (POTORIEKTPHIECKHMX YCTPOHCTBAX.

B mocneaHue romsl HHTEpEC K coeguHeHHMIO SbaSe; cTalm OYEBHIEH, ITOCKOIBKY
HCCIIEZIOBATEIH UIMYT CIOCOOBI CHHTE3UPOBATh 3TO COEAUHEHHUE C MCIIOJIb30BAHUEM Pa3IMIHBIX
METOJIOB. BELIO SICHO, YTO 3JIEKTPOXUMUIECKHE, ONITO- U TEPMOINEKTPUIYECKHUE CBOMCTBA JIENAI0T
5TOT MaTepHall NPUIOJHBEIM Jjis TPUMEHEHHs B HECKONBKHX OOIacTaX TEeXHHKH. B oToH
JUCCEPTAUMA ONTHMM3AIMs BKIFOYAJa ONTOSIEKTPOHHBIE CBOKMCTBA AN (DOTORNEKTPHICCKHAX
TIPUIIOKEHHIA. \

M3ydyeHre ¥ ONTHMH3ANMS MPOLECCOB MPOBOAMIMCH HAa Pa3sHBIX yPOBHsAX. PasindHbIe
IIOUTOKKH, TaKHe KaK Si, CTEKIIO U CTEKIIO C MOTMOICHOBEIM IIOKPBITHEM, OBLIH IPUMEHEHBI IS
U3y4YEeHHs UX BIMSHHA Ha CBOMCTBA ILUIEHOK SboSes. BiusHue HCXOIHOrO cOCTaBa MPEKYpPCOPOB,
COOTHOIIEHUs Mexay Sb u Se, HapaMeTpoB pacUBUICHHS, NpobMIeH CceleHM3alud |
TEMIepaTypbl OTXKHIa, MOPGOIOTHH M COCTaBa BHIPAIEHHBIX IUIEHOK. [l CTPYKTYpPHOTO
aHalM3a WCIOJIE30BAIMCH TAKWe METOAbI, Kak Judpakuus pPEHTICHOBCKHX JIy4ed H
KOMOHHAIIMOHHOE paccestHue cBeTa. CKaHUpyomas IeKTPOHHAs MUKPOCKOIIHMS Oblia METOJOM,
UCIIONIB3YEMBIM ISl M3y4YeHHsT MOPGOJIOTHH TUICHOK, 8 SHEPrOAMCICPCHOHHASA CIEKTPOMETPHS
IPEMEHSIACH JUIS TOMYYCHUs HH(POPMAIHIO O COCTaBe.

Bo BpeMs ee TOKTOPCKOM IPOrpaMMEI |, B YaCTHOCTH, BO BpeMs €€ JBYX NpeObIBaHUM B
IMopryramuu, y Hee ObLIa BO3MOXHOCTh NPOWTH OOydYeHHE B HECKOIBKHMX ODIAacTAX, H 3TO
TO3BOJIAJIO €i GBITh HE3aBHCHMOM B HUCIIOIb30BAHHH PA3IMIHOTO 000PyI0BaHMS, HEOOXOAUMOTO
Ui BemonHeHHsA paborel. Uro kacaercs ee mpeGriBanus B saboparopusx CIETI B ropoge
Ilopty, oHa mponuia o0yyeHHe MCIOJIB30BAHUIO CHCTEM PACHBUICHHS, YTO MO3BOJIMIO €H CTaTh
IOJHOCTHIO HE3aBUCUMO¥ B UX HCIONB30BaHUM U II03BOJIUTH €H y4aCTBOBATh BO BCEX MPOLIECCAX
ocaxxneHus mieHky SbaSes. Bo Bpems cBoero npebrBanus B naboparopusax INL B ropoae bpara
y Hee ObLIa BO3MOXHOCTh H3YYHTh IPOIEAYPEI B MeTOIbI Herioib3oBanust POA, COM/3JIC mns
ONIpENICNIEHUs] XapaKTEepUCTHK IUIEHOK. JTO MO3BOJWJIO € CHOBa IIONyYUTh 3HAHUSA H
HEe3aBHCUMOCTb, 4YTOOBI aHAIM3UPOBATh KauecTBO (WJIBMOB M IIpeaaraTb IMOAXOLBl K
ONITUMU3ALUH KadyecTBa PHIIEMOB.

Ee mocmyxHO# crmmcok, cocTosmui u3 12 omyONHMKOBaHHBIX Hay4yHBIX paboT, B TOM
yucne 5 cTaTell B MeXIyHAPOAHBIX PEICH3UPYEMBIX JKypHaIaxX, IIPOMHIEKCUPOBAaHHBIX B 6a3zax
JaHHBIX Scopus 1 Web of Science, KOTOpPEI# OMcaH B €€ JUCCEPTALIUAY, ITOKA3hIBAET, YTO paboTa,
KOTOpyI0 OHa pa3paboTana B CBOEH [JOKTOPCKOM IporpaMme, XOpOILIO HIUIFOCTPUPYET
AKTyaJIbHOCTh ¥ HHHOBAIIUM, BHECECHHBIE B HAyYHOE COOOIIECTBO.

Bo BpeMsi o6y4eHus B JOKTOpaHType AMIyJIb HE BBHIKa3bIBaJla HUKAKMX TPYAHOCTEH B
U3Y4YECHUM pa3IMYHBIX TEXHUK M OKa3alach LEJICYCTPEMIICHHBIM M TPYIOIIOOMBBIM YEIOBEKOM.
51 He coMHEBarOCh, YTO OHA - IICHHBI aKTUB B JIIO00# HCCIIEIOBATENBCKOM IpyIIIe.

Cuaurato, yro Aiiryns IlloHramoBa COOTBETCTByeT BCeM TpeOOBaHMAM I 3alIUTHI
JUCCEpTallMii Ha COMCKaHWE Y4eHOM cremeHHM moktopa ¢mirocodun (PhD) mo cnenuansHOCTH
«6D074000 - HanomaTepuanbl ¥ HAHOTEXHOJIOTHH» M MOXET OBITH [JONyIIEHAa K
roCyJapCTBEHHOH 3aluTe.



Ilopry, 6 auBaps 2023 r.

ITayno Anexcannp ®panko [Torre ®eprannem



Tekcr-mepeBoa, ¢ AQHTJIMICKOTO s3BIKA HAa  PYCCKWMM  s3BIK  BBIMOJIHEH MHOIO,
nepeoguukoM JKypreibaesoit I'ymHas MyxaMenaniueBHOH, W1H 770502401865,
Pecny6nuka KasaxcraH, ropon AimMarsl, bocTaHABIKCKUH paiioH, ymuia MapkoBa, 24A,
otuc 18, Ten+7 7772473792, e-mail: globus-zh@mail.ru.
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ropoa Anmatsl Pecrmy6nuka Kasaxcran. /Ipaanare BOCBMOE MapTa [BE TBHICAIM JBAILATH
tpethero rogja. S, KoxaxmeroB Hypnan Kuprusbaesud, HOTapuyC ropona Anmatbl
aunensus Ne 11002952, Beimana KomureToM PerucTpalldOHHONM CITy:XObl M OKa3aH
NpaBoOBOi oMoy MUHHCTEPCTBA foctunun Pecybnuku Kazaxcran ot 21.11.2011 ropa,
CBMJETENLCTBYIO  MOJJIMHHOCTE  IOAMHCH  IEePEBOTYMKA XKypteibaeBoii ['ynn
MyxameganueBHbl. JINYHOCTD MEPEBOJYHKA YCTaHOBJIEHA, JIEECTIOCOOHOCTh M MOJIHOMOY
IIPOBEPEHBI.
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