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THICKNESS EFFECT ON THE OPTICAL AND ELECTRICAL PROPERTIES OF
NANOSIZED Ge-Sb-Te FILMS CONTAINING Bi

S.A. Dvussembavevl, O.Yu. Prikhodkol, A. Sazonovz, Zh.K. Tolepovl,
N.Zh. Almasov', S.Ya. Maksimova', N. Guseinov', K.N. Turmanova'

IETP, ‘al-Farabi Kazakh National University, Almaty, Kazakhstan, Sanzhar Dyussembayev
2University of Waterloo, Waterloo, Canada, sanzhar.dyussembaev@gmail.com

Introduction

The Ge-Sb-Te (GST) nanosized films of chalcogenide glassy semiconductors (ChGS) is a
promising material for new generation of non-volatile memory cells such as Phase Change
Memory (PCM). This memory based on the reversible transformation "glass-crystal" [1]. From
the large variety of GST systems the most suitable material for PCM devices is Ge,SbsTes
compound. In order to enhance device's parameters the GST material is subjected by the metal
doping [2,3]. On the other hand the optical and electrical parameters of nanosized films is
determined by their thickness.

This paper presents the experimental study results of the thickness effect on the optical
band gap Eg, conductivity o and parameters of the switching effect in nanosized Ge,Sb,Tes<Bi>
films.

Experimental study

Preparation of the films was carried out on ion-plasma DC magnetron cosputtering of
combined target of ChGS and Bi. The composition of the films was controlled by the scanning
electron microscope Quanta 3D 200i with energy-dispersive analysis (EDS) (fig. 1).
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Figure 1 - Typical energy-dispersive spectrums (a) and SEM-imaging of the surface of Ge,SbyTes<12 at.%Bi> (b)

The film’s thickness d was controlled also by scanning electron microscopy, and
determined by scanning of the pattern structure: crystalline Si/Ge,Sb,Tes<Bi> film and ranged
from 200 to 50 nm. Concentration of Bi in films wasn’t exceed 12 at.%.

The film’s structure was studied by the transmission electron microscopy on Titan (FEI)
equipment using the high resolution imaging (HRTEM).

Optical and electrical properties of the films were investigated on Shimadzu UV3600 and
picoammeter Keithley-6485 respectively.

Results and discussion

For ChGS films the composition results determined that atoms of bismuth impurity in the
matrix of Ge,Sb,Tes<Bi> replaced Te atoms.

The results of transmission electron microscopy has shown that films of Ge,Sb,Tes have
an amorphous structure. In contrast, the structure of Ge,Sb,Tes<Bi> films at concentration from
6to 12 atm. % was presented by the amorphous matrix with monocrystalline metal nanoclusters
of the Bi with average size 8 nm.

Figure 2 shows the effect of the impurity concentration of bismuth and the thickness on

the optical band gap Eg and the conductivity ¢ (at 7= 300 K) of the nanosized Ge,Sb,Tes<Bi>
films.
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Figure 2 - Dependence of the optical band gap Eg (a) and conductivity Ec (b)
films on their thickness
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It is important to emphasize that the increase of the impurity concentration in films and
reducing of d-parameter leads to significant enhancement of switching effect parameters:
reduction of the threshold voltage Uy, and switching time t,. Established above changes of the
optical and electrical parameters of Ge,Sb,Tes<Bi> films was related to the size effect (thickness
reduction).

Conclusion

Studied the influence of the thickness on the optical and electrical properties of nanosized
Ge,Sb,yTes<Bi> films. It was found that with reduction of d-parameter from 200 to 50 nm lead to
increase of Eg and reduction of Eo, Uy and tg. The most significant changes of the above
parameters appeared on decreasing of film’s thickness from 100 to 50 nm, which was related to
occurrence of the size effect.

1. J. Tominaga et. al., Jap. J. of App. Phys. Vol. 48, p.03A05 (2009).
2. S. Kozyukhin et. al, Canadian Jour.of Phys. Vol. 92, p.684-689 (2014)
3. S.Parket. al., Applied Surface Science Vol. 258, 9786— 9791 (2012)

This work was carried out on No-4607/GF4 grant of Committee of Science of ESM RK.

ONTUYECKHUE U DJEKTPUYECKHUE CBOMCTBA IIIEHOK AMOP®HOI'O
YIVIEPOJA, MOJJU®UIIUPOBAHHBIX CEPEGPOM

C.JI. Muxaiinosa, E.C. Myxamerkapumos, O.1O. [Tpuxomasko, K. Jlayrxas,
C.4. Makcumona, H.K. Mana6aes, P.P. Hemkaesa

HHIJIOT, KazHY um. ano-@apabu

[Tomyuenne anMasonofoOHBIX MJIEHOK ¢ HaHOKiacTepamu cepebpa a-C:H<Ag> sBasercs
aKTyalbHOM 3a1a4eii MaTepuanoBeeHus [ 1, 2]. i3BecTHO, 4TO aiMa30noa00HbIE [IEHKH UMEFOT
P MOJE3HBIX MEXaHWYECKMX CBOMCTB, TaKMX KakK BBICOKas TBEPIOCTb, H3HOCOCTOMKOCTH,
HU3kui  ko3dduument Tpenus. IlyreMm BHeapeHHsS METAUIMYECKUX HAHOYACTHUIl B
aJIMa30NoA00HYI0 MaTpUIy, MOXHO MOIU(DUIMPOBATH €€ 3JIEKTPUYECKUE, ONTHYECKUE W
MexaHuyeckue cpoictBa [3]. [lomumo ynydiieHHs MEXaHMYECKHX CBONCTB B IUIEHKax a-
C:H<Ag> nabmogatorcst u abcooTHO HOBBIE 3 dexTsl. HanpuMmep, anMa3onoqo0Hble MIeHKH
nerupoBaHHele cepebpom a-C:H<Ag> o0namaioT HHTEpecHBIM ONTHYECKMM 3(hhekToM —
PE30HAHCHBIM ITOTJIOMIEHUEM SJIEKTPOMArHUTHOTO U3JIydeHUsl B BUAMMOM o0nacTu criekTpa [4].
[TonoxeHne MakCUMyMa Pe30HAHCHOTO MOTJIOMIEHUS] B YaCTOTHOM JHarna3oHe, B 00IIeM cirydae,
3aBUCHT OT ONITUYECKHMX XapaKTEPUCTHUK aIMa30noJ00HOM MaTpHUIIBI U IUaMeTpa HAHOKIACTEPOB
cepebpa. [Ipyroit He MeHee BaxxHBIH ddekT, HabaromaeMblii B ruieHkax a-C:H<Ag>, cBsizaH ¢
peanu3anyedl MEpKOISLMOHHOTO MeXaHW3Ma MPOBOJUMOCTH. YBEIHUUBAs KOHIIEHTPAIIUIO
cepeOpsiHBIX KJIAcTEepOB B aIMa30MoJ00HON MaTpulle TUIEHOK MOYKHO JOOUTHCSA 3HAYUTEIBHOIO
CKayKa B 3JIEKTPOIPOBOJIHOCTH CYILIECTBEHHO HE U3MEHUB €€ MEXaHUYECKUX CBOMCTB.

B nanHoif paboTe METOIOM MOHHO-TUIA3MEHHOTO MAarHETPOHHOIO CO-pPacIibLICHHS
KOMOMHHMPOBAHHOW MHILEHH, COCTOsIIe u3 rpadura U cepebpa, ObUIM MOMYYEHBI IJICHKH
amopHOro ajaMa3onoJoOHOro yriepoaa ¢ HaHokiactepamu cepedpa a-C:H<Ag>. Pacrnbuienue
IpoBOAMIOCE B cMecH ra3oB Ar(96%)+CH4(4%) npu naBnenun 0,4 Pa u momHoct miasmer 30
Br. Ilnenku ocaxnanuch Ha KBapleBble M KpeMHHEBble NOANOKKU. KoHuentpaims Ag B
IUIEHKAX ONpeelsach METO0M dHepro-aucnepcuonHoro asanusa Ha CEM Quanta 3D 200i u
nocturana 20 at.%.

[IpenBapuTeabHBIMU UCCIEIOBAaHUAMH CTPYKTYphl mieHok a-C:H<Ag> meromom I[1OM
OBLIO yCTaHOBJIEHO, YTO B MX MaTpHIE HAXOIATCS M30JMPOBAHHBIE HAaHOKIACTEPHI cepebpa co
CpPEeIHUM pa3MepoMm ~2,3 HM.

154

1o

OJI



