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Review by an International Scientific Consultant on the Thesis of Duisebayev Tolagay
Sabyrzhanuly entitled
“Electronic systems based on semiconductors with resistive switching effects and organic
compound sensing properties”,
submitted in partial fulfillment of the requirements for the degree of Doctor of Philosophy (PhD)
in the specialty “8D06201 — Radio Engineering, Electronics and Telecommunications”.

The thesis of Duisebayev Tolagay Sabyrzhanuly is devoted to the study of
electronic systems based on semiconductors exhibiting resistive switching effects
and sensor properties toward organic substances. The work focuses on investigating
the characteristics, fabrication approaches, and functional capabilities of such
systems.

The thesis presents new and significant results in the field of resistive
switching devices and sensor technologies. Several approaches for the fabrication of
nanoscale sensor structures have been tested, including the formation of
heterostructures and surface modification techniques with the deposition of metal-
oxide layers on semiconductor substrates to improve the stability of the devices with
respect to various gas molecules.

Due to their large surface area and structural features, the developed
nanostructures demonstrate strong potential as sensitive elements for detecting
organic vapors, which have been confirmed experimentally. Surface modification
approaches have proven effective in enhancing both selectivity and sensitivity of the
Sensors.

The work demonstrates the applicability of semiconductor-based
heterostructures for the detection of volatile organic compounds such as ethanol,
ammonia, and isopropanol, showing sufficiently high sensitivity. In addition, a
method for determining structural parameters based on contact angle measurements
using a high-resolution goniometer system has been proposed.



Optical properties of the heterostructures formed on the surface layers have
been investigated using ellipsometry, revealing effects associated with the
nanostructured nature of the materials and their surface modification. Furthermore,
calculations based on density functional theory (DFT) have been carried out to
explain the mechanisms underlying the sensor sensitivity.

The possibility of creating a practical digital electronic gas sensor with high
sensitivity, good selectivity, and a low detection limit based on semiconductor
heterostructures with resistive switching effects has been demonstrated.

The obtained results are internally consistent, well-justified, and supported
by both experimental data and theoretical analysis.

In my opinion, the thesis of T.S. Duisebayev fully meets the requirements
for the degree of Doctor of Philosophy (PhD). I recommend that the Academic
Council accept this thesis for defense in the major “8D06201 — Radio Engineering,
Electronics and Telecommunications” and wish the author further success in his
scientific career.
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OT36IB

OT3bIB 3apy0eIKHOTO HAYUHOTO KOHCYJIbTAHTA HA JUCCEPTALIUIO
JyiicebaeBa Tonarast CaOblpKaHYJIbI HA TEMY:

«DNEeKTPOHHBIC CUCTEMBI HA OCHOBE MOJYITPOBOJHUKOB C 3P PeKTamMmu
PE3UCTUBHOTO MEPEKIIIOUCHHS U CBOMCTBAMHU CEHCOPA OPraHUYECKUX BELIECTBY,
MpeICTABJICHHYIO Ha COMCKaHKe cTernenu jokropa Guinocopun (PhD)
no oOpazoBarenbHOM nporpamme «8D06201 - PagnorexHuka, 2JIeKTpOHUKA U
TEJTEKOMMYHUKAIIUI»

Nuccepramust  Jlylicebaea  Tosmaras ~ CaOblpikaHysIbl  [IOCBALIEHA
HCCJIEI0BAHHUIO AJIEKTPOHHBIX CUCTEM Ha OCHOBE IOJLY [IPOBOJAHUKOB, MPOSIBIISIFOLIMX
30deKThl PEe3UCTUBHOTO MEPEKIIOUYEHHsS] U CBOMCTBA CEHCOpa MO OTHOLICHHIO K
OpraHuyeckuM BeliecTBaM. Pa0oTa HampaBiieHa Ha M3Yy4YEHHUE XapaKTEPUCTHK,
METOJIOB U3TOTOBJICHUS U (YHKIIMOHAIBHBIX BO3MOKHOCTEH TAKUX CUCTEM.

B auccepraiiu MpejCcTaBICHbl HOBbIE W 3HAYMMbIE Pe3yJbTaThl B 00JIACTH
YCTPOMCTB PE3UCTUBHOTO TMEPEKJIOUECHUS] M CEHCOPHBIX TEXHOJOTHH. bbul
anpoOupoBaH Psifi MOAXOAOB K CO3JMAHMIO HAHOPA3MEPHBIX CEHCOPHBIX CTPYKTYP,
BKJTIO4ast POPMHUPOBAHUE TETEPOCTPYKTYP U METO/IbI MOAU(PUKALIMN TOBEPXHOCTH C
HAHECEHHEM CJIOEB OKCHJIOB METaJNIOB Ha MOJIYNPOBOJHUKOBBIE MOMJIOKKH. DTH
peIlIeHUs CIIOCOOCTBYIOT TMOBBIIICHUIO CTA0MIBHOCTH PabOThl YCTPOMUCTB MO
OTHOIIEHUIO K PA3JIMYHBIM MOJIEKYJIaM Ia30B.

brnaromapst 60JBIION MJIOMIAAN MOBEPXHOCTH U OCOOEHHOCTSIM CTPYKTYpBI,
pa3pabdOTaHHbIE HAHOCTPYKTYPBl AEMOHCTPUPYIOT 3HAYUTEIBLHBIM MOTEHLHAI B
KaQ4eCTBE UYBCTBUTEJBHBIX AJIEMEHTOB JUlsi OOHApY’KEHHs IapOB OPraHMYECKUX
BEINECTB, YTO TMOATBEPKIACHO HKCIEpUMEHTanbHO. [loaxoapl K Moaudukaluu
MOBEPXHOCTH MOKa3aju CBOK 3(P(PEKTUBHOCTH B MOBBILIEHUU KaK CEJIEKTUBHOCTH,
TaK ¥ 4YyBCTBUTEJIILHOCTH CEHCOPOB.

PaGora paeMOHCTpUPYET NPUMEHHUMOCTH TIE€TEPOCTPYKTYP Ha OCHOBE
MOJIYIPOBOJHUKOB ISl OOHAPYKEHHUSI JIETYUMX OPraHUYECKUX COCIMHEHUH, TaKUX
KaKk 3TaHOJI, aMMHAK W HW30INPOIAHOJ, C MOKa3aTeasIMM JIOCTATOYHO BBICOKOH
4YBCTBUTENBHOCTH. KpoMe TOro, npeuioskeH METOJ ONPEACIICHUS] CTPYKTYPHBIX
napaMeTpoB HA OCHOBE M3MEPEHUS KPaeBOro yria CMayuBaHus ¢ UCIIOJIb30BAHUEM
FOHUOMETPUYECKON CUCTEMBI BBICOKOIO Pa3pelLeHMUs.

OnTuyeckue CBOICTBa reTepOCTPYKTYP, c(OpPMHUPOBAHHBIX B
MOBEPXHOCTHBIX CJIOSIX, OBUIM HCCAEAOBaHbl C  MCIOJB30BAHUEM METOAA
3JUTMIICOMETPUM,  YTO  [O3BOJIAJIO  BBISIBUTH  3(P(EKThl,  CBSI3aHHbIE C

HAHOCTPYKTYPUPOBAHHOW  MpUPOJOM  MarepuansoB MW MoaM(pUKaLMed X
nosepxHocTH. Kpome TOro, npoBeAeHbl pacueTbl HA OCHOBE TEOPUM (YHKIMOHANA



[UIOTHOCTH, HAIIPaBJICHHbIE HAa OOBSCHEHUE MEXAaHWU3MOB, JIeXKAIUX B OCHOBE
4yBCTBUTEJILHOCTA CEHCOPOB.

[IponeMoOHCTpUpPOBaHA BO3MOKHOCTH CO3/1aHMSI MPAKTUYECKH TPUMEHHUMOTO
IM(POBOro 3JIEKTPOHHOIO Tra3o0BOI0 CEHCOpPAa C BLICOKOM YYBCTBHUTEIHHOCTHIO,
XOpOIIel CEJEKTUBHOCTBIO M HHU3KMM [OPOrOM OOHAapy)KeHHsi Ha OCHOBE
MOJIYIPOBOAHUKOBBIX rETEPOCTPYKTYP G s dexramu PE3UCTUBHOTO
[EPEKIIIOUCHHUSL.

[Tomy4yeHHbIe pe3yJbTaThl XapaKTEepU3yHOTCs BHYTpPEHHEH
COIIACOBAHHOCTBHIO, 000CHOBAHHOCTBIO U [OJATBEPIKIAIOTCS KaK
SKCIEPUMEHTAIIBHBIMU TAHHBIMA, TAK U TEOPETUYECKUM aHAJIU30M.

[lo wmoemy wMHenuto, pgucceprauusi Jlylicebaea T.C. TONHOCTBIO
COOTBETCTBYET TPEOOBAHUSIM, IPEIBSBISIEMbIM K COMCKAHHUIO CTEHNEHH JIOKTOPA
bunocopun (PhD). S pexomenayio VYUeHOMY COBETYy TPUHATH JaHHYIO
JUCCEpPTALMIO K 3amure 1o creuuanbHoctd  «8D06201 -  PanunorexHuka,
SJIEKTPOHUKA U TEJIEKOMMYHMKALIMU» W JKEJIAI0 aBTOPY JAJbHEHUIIINX YCIIEXOB B €r0
HAy4YHOM Kapbepe.
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1 uHxeHepuun CeBepo-3araiHoro

MOJINTEXHUYECKOIO YHUBEPCUTETA,

Cuanb, Kuraii /noonuce/ Jo L3suncu (Liu Jianxi)

[euamye: Cegepo-3anaomblii NOTUMEXHUYECKUL YHUBEPCUMEN.
[IIkona mamepuanoeedeHus u UHICeHEPUL.
6101030284104.



