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To Prof. Dr. Tlekkabul S. RAMAZANOV

Al Farabi Kazakh National University

Institute of Experimental and Theoretical Physics
Al Farabi 71, Almaty 050040

Kazakhstan

Recommendation of the PhD thesis of Mr., Askar ZHUNISBEKOV

REVIEW of the foreign scientific supervisor of the PhD dissertation entitled “Synthesis of
Nanomaterial by Plasma Enhanced Chemical Vapor Deposition (PECVD) method in High-
frequency discharge.” Submitted by Mr. Askar ZHUNISBEKOV for the Scientific Degree of
Doctor of Philosophy (PhD) in speciality “6D074000 Nanomaterials and Nanotechnology.”

Dear Colleague,

In the dissertation is presented a summary of the work focused on the studies of the
plasma and discharge properties optimization for the synthesis and deposition of 1 nm SijoH;>
Silicon Nanoclusters (SiNCs). These SiNCs possess permanent electric dipole. Just a reminder,
Mr. A. Zhunisbekov built up a new experimental set up that fulfills all the technical
requirements for the achievement of the fixed objectives for his research program.

Original and outstanding results were obtained by Mr. A. Zhunisbekov. In fact, he synthesized
and deposited these SiNCs of Quarts, He used a wide variety of diagnostic and characterization
tools during his studies such as electrical and optical emission spectroscopy for the plasma and
discharge investigations and Scanning and Transmission Electronic Microscope (SEM),
Atomic Force Microscope, Kelvin Probe and Ultraviolet Photoelectron Spectroscopy (UPS)
etc... After a long-performed optimization work, the obtained results show that the SiNCs
induce a 2.3 eV reduction of the work function (WF) of the Quartz (from 4.8 eV down to 2.5
eV) with 12 orders of magnitude increase of the thermionic current density at 1000K. These
achievements represent a real-world record. They open the way to many other investigations
and a very wide range of applications such as new plasma thrusters cathodes, negative ions
sources for the injection of energetic neutral atoms in Tokamaks, electron guns, organic solar
cells, light emitting diodes and biomedical applications.

Through this research work, Mr. Askar Zhunisbekov acquired a real and strong expertise and
experience in different domains related to plasma and discharge science and technolo gy, plasma
and discharge characterization, material characterization using different techniques. For all

these reasons, I strongly recommend the presentation of the thesis manuscript of Mr. Askar
Zhunisbekov to the Dissertation Council
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Kazaxckuit Haumonanpmeit YHusepcuter um. ans-Papabu
Hayuno-uccnenoparensckuit MHCTUTYT SKCIICPUMEHTAIBHON H TEOPETHYECKOH (PH3HKH
050040, Kazaxcram, r, AJIMaTEI, 1p. ane-Mapadu 71

Pexomenpanus k nuccepramun nokropanta PhD Ackapa JKynuc6exosa

O13b1B 3apy6eiKHOrO HAyIHOTO PyKOBOTUTEIs auccepranuy Ha TeMy « CHHTe3 HaHOMaTepHalIoB
MCTOAOM  TLIASMOXMMHMYECKOTO OCRXIEHHS B BHICOKOYACTOTHOM EMKOCTHOM pazpsie»,
TIPEACTABICHHOH MHCTepOM AckapoM JKYHHCGEKOBBIM HA COMCKAHME CTETIEHH JOKTOpa
$unocodun (PhD) no cennansnocta «6D074000 - Hanomarepuansl ¥ HaHOTEeXHOTOr UMY,

YBaxkaeMblil Kotera,

Huccepranus npencrapiser co6oi 0030p paGoTHI, HaIpaBIeHHOM’ Ha H3YYEHHE U ONMTHMHU3AIHIO
CBOMCTB IIa3Mbl W pa3psfia Ul CHHTE3a W OCAX/ICHUA KPEMHHEBBIX HAHOKIACTEPOB SijoH |2
pasMepoM 1 HM MeTOZOM ILIa3MOXHMHYECKOTo ocaxcierns (PECVD). Dtu nanoxmacrepst
00J1afaloT OCTOSHHBIM JNIEKTPHYCCKUM  iumoneM. Xody HAalmOMHHTB, YTO MHCTEp A.
Kynucbexor cozma HOBYIO OKCHCPHUMEHTANBHYIO yCTaHOBKY, KOTOpas COOTBETCTBYET BCEM
TEXHHYECKHM TpeOOBaHUAM JUIs JOCTHIKEHHS IOCTABJICHHBIX Helned cBoed  HaydHO-
MCCTIE/I0BATENIbCKOM MPOrpaMMEL.

Mucrep A. XKyrucGekoB T0CTHT OpHrUHATBHBIX 1 BEIIAIOIIUXCA pe3yssratoB. OH CHHTE3HpOBa
M OCamul 5TH KpeMHHeBble HaHOKIacTepsl SiNCs Ha KBaplLEBYIO IIOUIOXKKY. B xome
HCCIIE/I0BAaHHH OH HCIIONB30BAT IIHPOKHiL CIICKTP JHAarHOCTHYECKHX HHCTPYMEHTOB, TAKMX KaK
SNICKTPUYECKas W ONTHYECKas SMHCCHOHHAs CHEKTPOCKONHS I UCCIICIOBAHUS IUIA3MBl M
Paspsjia, a TaKkKe CKAHUPYIOIM W MPOCBEYHBAIOIIHIL SJIEKTPOHHBIE Mukpockonsl (SEM wu
TEM), aromuo-cumoBoii MHKPOCKOII,  KeIbBHHOBCKHH  30HN M  ynsTpaduosieToBas
(DOTOBEKTPOHHAS  CIEKTPOCKOIHS (UPS) u napyruwe. Ilocine miuTenbHOIM ONTHMHU3ALHH
PE3YJIBTAThI II0KA3a/IH, YTO KPEMHHUEBbIE HAHOK/IACTEPHI BBI3BIBAIOT CHUIKEHHE paboThl BeIXOIA
KBapua Ha 2,3 5B (¢ 4,8 5B 1m0 2.5 3B), uTo npuBoEAT K yBemMUeHWIO MWIOTHOCTH
TEPMOSIIEKTPOHHOrO ToKa Ha 12 mopsakos npu 1000K. DTH nocTmKeHHs IPEACTABIIAIOT CO00i
PEKOPZ B pealbHOM MHPE M OTKPBIBAIOT YT K MHOMECTBY ApYTHX HCCIIEOBaHUH H LIHPOKOMY
CICKTPY NPHMCHEHHH, TAaKUX KaK KaTOBl /UIS HOBBIX IUIA3MEHHBIX TATOBBIX JBUraresiei,
HCTOYHUKN OTPHUATEBHEIX HOHOB JUIS WHIXKEKLUHMH JHEPreTHYECKHX HEHTpaJIbHBIX aTOMOB B
TOKAMaKe, OIEKTPOHHBIE MYIUKH, OPraHHYeCKHE COJTHEYHLIE SJIEMEHTEI, CBETOMUOABI W
OHOMEMIIMHCKHE TIPHIIOKEHHUS.

B xome »storo wmccnemosarennckoro iponecca  mucrep Ackap XynucbGexkoB npuoGpen
SHATUTEIIbHYIO SKCIIEPTHOCTH H ONBIT B PA3IHYHBIX 06IACTSX, CBA3AHHBIX ¢ [UIA3MEHHOM HayKoi
H TEXHOJIOTHEH, OIHCAHUEM IIIa3MbI H Pa3psila, HCCIeI0BAHHEM MaTepHaiOB ¢ HCIIOJIE30BAHUEM
Pa3THIHBIX  MeTooB. Ilo BCEM yKA3aHHBIM NpPHYMHAM 5  HACTOSTENBHO PEKOMEHYIO
MPCACTABUTE  NHCCEpTalMio  Mmuctepa  Ackapa  JKynucGekoa  Ha paccMoTpeHue
JUCCEPTAHOHHOTO COBETA.

Retired from University of Orleans g

Tel.: (33) (6) 2 14 48 62 31
e-mail: laifa.boufendi@orange. fr

3@&/,,2«'-0 PO uLcé /f/zum-mmﬂ >, 5’5/

!
/

C yBaxxennem, Ilpodeccop Jlaiida Bydenan 4
I




