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NAS RK is pleased to announce that News of NAS RK. Series physico-mathematical journal
has been accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of
Science. Content in this index is under consideration by Clarivate Analytics to be accepted in the
Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index
demonstrates our dedication to providing the most relevant and influential content of chemical
sciences to our community.

KasakcmaH Pecriybnukacbl ¥nmmbiK fbiibiM akademusicbl «KP YFA Xabapnapbl. ®u3uka-
TibIK-MamemamukariblK CepusiCbl» fblfibIMU XXypHaribiHbiH Web of Science-miH xaHanaHfFaH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeryze KabblniOaHfaHbIH Xxabap-
natdsl.  byn uHdekcmeny 6apbicbiHda Clarivate Analytics komnaHusicbl XypHarnldbl o0aH api the
Science Citation Index Expanded, the Social Sciences Citation Index xoeHe the Arts & Humanities
Citation Index-ke Kabbinday moeceneciH kKapacmbipyda. Webof Science 3epmmeywinep, as-
mopsap, 6acnawbiiap MEH MeKemeriepae KOHmeHm mepeHdiei MeH canacbiH ycbiHalbl. KP
¥FA Xabapnapbl. Xumus xeHe mexHonoaus cepusicbl Emerging Sources Citation Index-ke eHyi
6i30iH KoramdacmbIK YWiH eH 63ekmi xoHe 6e0endi XuMusirblK FblfibiMOap 60UbIHWAa KOHMEHMKe
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obHoeneHHol eepcuu Web of Science. CodepxaHue 8 3amom UHOEKcUuposaHUU Haxodumcs 8
cmaduu paccmompeHus komnaHuel Clarivate Analytics 0nsi OanbHelwea0 NPpUHIMuUS XypHarna 6
the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts & Humanities
Citation Index. Web of Science npednazaem kadecmeo u asybuHy koHmeHma 0ns uccredoesa-
mersel, asmopos, usBamenel u y4dpexdeHul. BkmroueHue Wzeecmuss HAH PK e Emerging
Sources Citation Index OemoHcmpupyem Hawy npueepXxeHHoCmb K Haubosiee akmyarsb-
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NEGATIVE LONGITUDINAL MAGNETORESISTANCE SILICON ON INTERLINE
ELECTRON TRANSITIONS

Abstract. The article presents experimental results obtained by studying the magnetoresistance of
n-type silicon with an electron concentration of. n,=3,1-10"cu> in the temperature range of 77.4-300K.
There is a negative longitudinal magnetoresistance due to the redistribution of electrons between the
valleys. Experimental results are compared with existing theories and a good agreement is obtained both
quantitatively and qualitatively. At H=350 kE, the energy gap between the lowest Landau subzones is 7 MeV.
These experimental results obtained in n-type silicon clearly demonstrate the reliability of the mechanism
of negative magnetoresistance caused, indeed, by the pumping of current carriers between the valleys of the
conduction band, shifting along the energy scale in a quantizing magnetic field at different speeds. The is
energetic surface of the bottom of the silicon conduction band consists of six ellipsoids located on the main
axes of the cube, which causes anisotropy of the effective mass and relaxation time. The latter determines the
features of galvanomagnetic effects. Especially magnetoresistance is the most sensitive to the anisotropy of
the is energetic surface. The influence of the latter on magnetoresistance is most clearly revealed in the region
of strong magnetic fields, where magnetoresistance is saturated.

Key words: piezo resistance, negative magnetoresistance, uniaxial pressure, is energetic, multivalley
model, valley crossing.

Introduction. The article presents experimental results obtained by studying the magnetoresistance of
n-type silicon with an electron concentration of

n,=3,1-10"cy in the temperature range of 77.4-300K. There is a negative longitudinal magnetoresistance
due to the redistribution of electrons between the valleys. Experimental results are compared with existing
theories and a good agreement is obtained both quantitatively and qualitatively. At H=350 kE, the energy gap
between the lowest Landau subzones is 7 MeV.

The isoenergetic surface of the bottom of the silicon conduction band consists of six ellipsoids located
on the main axes of the cube, which causes anisotropy of the effective mass and relaxation time. The latter
determines the features of galvanomagnetic effects. Especially magnetoresistance is the most sensitive to
the anisotropy of the isoenergetic surface. The influence of the latter on magnetoresistance is most clearly
revealed in the region of strong magnetic fields, where magnetoresistance is saturated.

Materials and methods. The saturation value of the magnetoresistance of n-type silicon in a classically
strong longitudinal magnetic field, in the case of J IHN[110] is determined by the formula [1.2]:

fHqH  _ (2+1)(x+1) (1)

pp et K (E+5)

. . . . . PHH
We will make numerical estimates taking k=4,72 (from cyclotron resonance experiments). Then: —ase

=1,315, which is in good agreement with the experimental values obtained on silicon samples with an electron
concentration of n,=3,1-10"ca in the temperature range of 150-300K2515# =1 31.

The coincidence of the results of the calculation and the experimélst indicates that in this temperature
range ¥ =1 (this means that the interline scattering mechanism dominates).
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Results. However, with a decrease in temperature, the discrepancy between the experimental values and

. . A PH1H
the calculated ones increases, so for example, for T =77.4 K it reaches (in Figure 1, curve 1) fJID]:-:su: =1,4,
which is due to the contribution of the anisotropy of the scattering mechanism (in this case, acoustic phonons,

{r,,})
for which®: = TT] =(0,76). It follows from the experimental results that the interline scattering mechanism
dominates above the temperature of 100 K.

Pu
Pa

1,4 +

1.3 +

ap adm LA oy

1,1 ¢

L ]

T T
] 100 201 300 4y H, k3

Figure 1-Temperature dependence of the longitudinal magnetoresistance
of n-type silicon at: 1-77, 2-102, 3-150, 4-204, 5-240, 6-270,7-300

As can be seen from the figure, in strong magnetic fields (in quantizing ones), in addition to saturation
of magnetoresistance, there is also a manifestation of quantum effects. The latter, in turn, is associated with
a number of features, in particular, the redistribution of electrons between valleys (Figure 2), which have
effective electron masses of 0,191, respectively.

This phenomenon was first experimentally observed in [3] on n-type germanium in the study of longitudinal
magnetoresistance (at 20.4 K), and its theoretical interpretation was given in [4].

We observed this phenomenon on n-type silicon single crystals when studying both longitudinal and
transverse magnetoresistance in the case of / IHII[001]; (J 1100, H I[001]) [5].

The phenomenon caused by the redistribution of electrons between valleys was also observed in the case
of J IHN[110], the results of which are presented in Figurel

Figure 1 shows that the magnetoresistance after saturation has a decline area. This decline is associated
with a multi-valley model of the isoenergetic surface of the conduction band and it can be easily understood
from the following.

Discussion. In the quantum limit, due to the nonequivalence of different valleys relative to the magnetic
field, the bottom of these valleys in the magnetic field rises differently due to different effective masses in these
valleys and the migration of electrons from the upper valley to the lower ones begins (Figure 2), as a result of
which the conductivity increases and a decrease in the magnetic resistance curves is observed. The complete
migration of electrons from the upper valley to the lower ones is carried out only in the ultra-quantum region
(44>>k_T), whereas only a part of the electrons moves to the ultra- quantum limit (hew, == kgT). Since the

energy of the lower Landau subzone is determined by the ratio £ = 7 ﬁm.:r then as a result of comparing the
energy value of the valleys of the i-th j-thin quantizing magnetic fields, we obtain that the energy gap between
the lowest Landau subzones at H = 350 KE, taking into account the values the effective masses given above
are 7 MeV.
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Figure 2 - Redistribution of electrons between valleys.

These experimental results obtained in n-type silicon clearly demonstrate the reliability of the mechanism
of negative magnetoresistance caused, indeed, by the pumping of current carriers between the valleys of the
conduction band, shifting along the energy scale in a quantizing magnetic field at different “speeds”[6.7].

Conclusion. Note that with the help of a uniaxial elastic band, than this is achieved in quantizing fields
of the required intensity and, thereby, to verify the validity of this interpretation of the observed negative
magnetoresistance of n-type silicon at orientation J IHI[110].[8].

Taiimyparosa JL.V.", buroxa O./l.', CeiitmyparoB A.)K.%, Ka3oexoBa b.K.', Aiimaran6erosa 3.K.}?

TII.EcenoB ateinaarsl Kacnuii TexHomorusiap sxoHe HHKUHUPUHT YHUBEpCcUTeTi, AKTay, Kazakcran;
’KopkpsIT ATa atbinaarsl Kei3butopaa yausepcuteti, Kpi3butopaa, Kasakcram;
3Xy6aHoB ateinarsl AKTe0OE OHIpIIK yHHBepcHuTeTi, AKTo0e, KasakcTan
E-mail:taimuratova@mail.ru

SJIEKTPOHIAPABIH KOJIAPAJIBIK AYBICYJIAPBIHJIAFbI KPEMHUIIHTEPIC BOMJIBIK
MATHUTKE TO3IM AT

AnHOTamus. Makamama n-TUOTI KPEeMHHUHIIH MarHUTTIK KEAEprici AIeKTPOHIap KOHIICHTPITUSCHI
n, =3,1— 10%3 oy Fxpuctammaapna 77,4-300 K temmnieparypanap apadbIFbIHIAFEI 3€pTTEYIep OOMBIHIIIA
ANBIHFaH TOKIPUOETIK HOTIKENEp CM™ KeNTipijaeni. DMeKTPOHIapAbIH alKanTap apajapblHaa Kaira
TapajayblHa HETI3AeNTeH KyMa MAaTHUTTIK Keepri OaiKaael. ToxipruOemik KOPBITBIHABIIAP B KOJIIaHBICTAFbI
TEOPHSUTAPMEH CAIBICTRIPFaHa, CaH YKOHE cara OOWBIHIIA JKAaKChl COMKeCTiK Oap ekeHi aHpIKTamasl. H=350
kD OonraHna, JlangayaelH €H TOMEHT] aiftMaKTaphl apachIHIAFhl PHEPTETHUKAIBIK CaHblIay 7 MAB Kypaiiapl.n-
THINTI KPEeMHHHIEC ajdbIHFAaH OV JKCIEPUMEHTTIK HOTIDKEJEp, IIBIH MOHIHIE, OTKI3TIMTIK JKOJAFBIHBIH
aHFapyapbl apachlHAAFBl TOK TACYIIBUIAP/ABI OTKI3y, KBAHTTAY MarHUT OPICIHAE SPTYPi KbUITaMIBIKIICH
SHEPTHUS IIKATACHIHBIH OOMBIMEH JKBUDKY HOTIDKECIHIE TyBIHIAFaH TEPiC MAaTHUTTIK KEAEPTi MEXaHU3MIiHIH
CEHIMITITIH alKbIH KepceTemi.KpeMHMil OTKI3TImTIK >KONaFel TYOIHIH H303HEPTETHKAIBIK OCTi KyOTHIH
HETI3T1 OCBTepIiHC OpHAIACKAH aJIThI AJUTUIICOMATAH TYPAIbI, OYJT THIMII MacCaHBIH aHU30TPOITHSICHIH JKOHE
pernakcarus yaksITBIH TyIbIpaasl. COHFBICH TaIbBAHOMATHUTTIK dCEPICPIIH EPEKIICITIKTePiH aHBIKTal b,
Ocipece MarHUTTIK KeIepri M309HEPTEeTUKAIBIK OCTTIH aHW30TPOIMSICHIHA €H Ce3IMTal eKeHiH Oalikayra
00omaap1. COHFBICHIHBIH MAaTHUTTIK KEJIEPTire ocepi KYIITI MATHUTTIK OpicTep alMarbIHIa, MAarHUT Keaeprici
KaHBIKKAH Kepie alKbIH KopiHei.

Tyiiinai ce3aep: MarHUTTIK KEAEPTi, TEPIC MATHUT KeAEPTici, Oip OCHTIK KBICHIM, H309HEPTeTUKAIIBIK, KOTT
AJKAINThI MOJIENb, AHFAP KUBLIBICHI.
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