Isotope shift (of spectral lines) can be divided into two classes, that caused by the mass effect and that resulting
from the field eff ect. The mass eff ect consists of two parts, normal and specific, and results from the nucleus having a
finite mass. The norma mass eff ect can be calculated exactly, while the specific mass eff ect present in spectra of
atoms with more than one electron is very difficult to calculate precisely. Both of this eff ects decrease with increasing
Z. This is probably the most important consequence of isotope shift studies.

In the very light elements the mass effect dominates and can account qualitatively for the observed shifts In the
heaviest elements the mass effect is negligible an d the field eff ect can roughly account for the observed shift In the
element of intermediate mass the two effects are comparable. As a result, the shifts observed are small because the
mass and field eff ects within the levels are often in such a direction as to oppose one another.

Since the radius decrease by 0.01 fm in going from “’Ca to **Ca, it means that the addition of neutrons to calcium
isotopes reduces the size of the charge distribution of the same 20 protons when neutron number is increased from 20
to 28. If we take the simple view that charges were distributed eventually throughout the nuclear volume, the charge
radius should have increased by 6% based on simple R = r4'” relation. This is found to be true in the case of **Ti, a
nucleus with two more protons and six more neutrons than *’Ca. There are two possible explanations for the decrease
in the charge radius with increasing neutron number among even calcium isotopes. The first is that addition of
neutrons makes the protons more tightly bound and, hence, the charge radius is smaller. The interpretation of atomic
isotope shifts relies partly on the knowledge of nuclear structure. Conversely it can provide some information on the
structure nuclei. This relation between the two fields has been for many years the main reason for the interest in
isotope shifts of optical (electronic) transitions. The first atomic model assumed that the atoms of all elements are put
together out of hydrogen atoms. As a heuristic principle this hypothesis finally led to a scheme for ordering the
elements based on their chemical properties, the periodic system. The present report is a comprehensive introduction to
the main ideas and techniques of the field of isotopic materials science. The subject matter supports a probable
interplay of experiment, theory, and application (traditional and modern). This thesis is underlining that the isotopic
technology is a next step in the nanotechnology. I hope to give sufficient references to published work so that the
interested reader can easily find the primary literature sources to this rapidly expanding field of solid-state physics. The
present thesis is devoted to a description of the fundamentals and different applications of the isotopic materials
science.

Modern physics distinguishes three fundamental properties of atomic nuclei: mass, spin (and related magnetic
moment), volume (surrounding field strength), which are the source of isotope effect. The stable elementary particles
(electrons, protons, and neutrons) have intrinsic properties. Some of these properties such as mass and electrical charge
are the same for macroscopic objects. Some are purely quantum mechanical and have no macroscopic analog. Spin is
an intrinsic angular momentum associated with elementary particles. The spin angular moment of an electron,
measured along any particular direction, can only take on the values h/2 or—h/2. The nuclear magnetic moment
associates with nuclear spin and produces the magnetic interaction with its environment. The ability to manipulate and
control electron and/or nucleus spin in semiconductor devices provides a new route to expand the capabilities of
inorganic semiconductor-based electronics and to design innovative devices with potential application in quantum
computing. One of the major challenges toward these objectives is to develop semiconductor-based systems and
architectures in which the spatial distribution of spins and their properties can be controlled. For instance, to eliminate
electron spin decoherence resulting from hyperfine interaction due to nuclear spin background, isotopically controlled
nuclear-spin-depleted devices are needed. The control of the spatial distribution of isotope with nuclear spins is a
prerequisite to implement the quantum bits or qubits. Therefore, stable semiconductor isotopes are important elements
in the development of solid-state quantum information. At the present time spintronics refer to spin electronics, the
phenomena of spin-polarized transport i n metals and semiconductors. The study of spin phenomena in solids
characterize electrical (field-effect transistor), optical and magnetic properties of solids due to the presence of
equilibrium and nonequilibrium spin populations, as well as spin dynamics. These fundamental aspects of spintronics
give us as important insights about the nature of spin interaction, hyperfine, or spin exchange couplings - in solids.

My intention has been to present report on isotopic materials science that starts with the physics of isotope low -
dimensional materials and quantum heterostructures would build up to the treatment of those new electronic, transport,
and optical properties which arise as a consequence of both energy quantization of electrons and phonons in potential
wells and the reduced dimensionality of nanostructures. Once the basic concepts of quantum nanostructures are
presented in a unified scheme, the last chapter of my textbook deals with the applications of isotopic materials science
in nanoelectronic and optoelectronics [1].
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Ha nanublif MOMEHT OIHMM M3 HamOoJiee aKTHBHO Pa3BHBAIOIINXCS HANpPaBJICHUH W3TOTOBIICHUS JeTayeit
I'TA (l'a3oTypOMHHBIX ABHTaTeleil) CI0KHONH KOH(GUIypanuu M3 THUTAHOBBIX CIUIABOB SIBJISIOTCS aJIMTHBHBIC
TexHonoruu. JInsi M3TOTOBICHWS JAeTaled MeTojaMH 3A-Te4aTH B KadecTBE pPACXOAHOTO Marepuana
NPEUMYIIECTBEHHO MPHMEHSIOTCSI MOPOIIKA C HEOOXOIMMBIMHM ITIapaMeTpaMu: XMMHYECKHH M HW30TOIHBIA
cocrtaB, pa3Mepsl u cdepudeckas popma ugactui. HeoOxoammeie pazMepsl 4acTuIl U cepuueckyo ¢Gopmy
MOPOIIKOB THTAaHOBBIX CIUIABOB MOJIY4YalOT IPH MOMOIIM Pa3HOOOPA3HBIX TEXHOJOTHWH aTOMH3ALUH, KOTOPHIC
OCHOBAHBI Ha NPOIIECCAX PACHBUICHHUS METajla W3 PacIIaBICHHON TUTaHOBOW 3aroToBkH. OJHMM M3 OCHOBHBIX
CIEPXKMBAIOINX (PAaKTOPOB IMPOMBIIUICHHOTO pa3BUTHS AM TEXHOJOTHH SBISETCS BBICOKAas CTOMMOCTb H
OTrpaHUYEHHBbIE O0BEMBI MPOU3BOJACTBA PACXOIHBIX MAaTEPHAJIOB - KAUECTBEHHBIX IOPOIIKOB THUTaHOBBIX
CIUTaBOB. Beab HEOOXOAMMBIM XUMHUYECKHH M HM30TOMHBIM COCTaB, CTAOMIIBHOCTh MEXaHUYECKHUX CBOWCTB, B
MPHUMEHSIEMbIX B HACTOsAIIEE BpeMsl NMOPOIIKAaX TUTAHOBBIX CIUIABOB, JOCTHUTaeTCs 3a CUET MCIOJIB30BAHUS IS
pacrbUIEHHs] TOPOIIKOB 3arOTOBKM BBICOKOTO KadecTBa. J[pyrMMH BaXXHBIMH TIOKa3aTeNsIMU IOPOIIKOB
TUTAQHOBBIX CIUIABOB, NPUMEHSEMBIX B AM TeXHOJOrusiX, sSBseTCs MX (pakIMOHHBIA cocTaB U (opma.
[Topomiku TUTaHA TPEACTABIAIOT €000 dYacTuIpl cijlaBa THTaHa cdepudeckoir  Qopmbel.  Takoi
TPaHyJIOMETPHUYECKHI cOCTaB U (opMa MOPOLIKOB 00YCIOBICHBI HEOOXOANMOCTHIO KOMITAKTHO YKIIAIbIBaThCS B
OTIpEZICTICHHBI 00BEM M TPEOOBAHMSAMH II0 «TEKyYECTH» MOPOIIKOBBIX KOMIIO3HMIHUH B CHCTEMax MOJAYH
Mmarepuarna.

Taxum 006pa3om, BOTIPOCHI, CBSA3aHHBIE C PACXOJHBIMH MaTepraiaMu JUI aAJUTUBHBIX TEXHOJIOTHH, TpeOyroT
OTAEIBHOT0 paccMOTpeHus. [103ToMy akTyallbHBI HCCIIEA0BaHUS B cdepe TOTydeHHUs JISTHPOBAHHBIX MOPOIIKOB
THUTAHOBBIX CIUIABOB, & NMEHHO aJbTEPHATHUBHBIN METOJ MOJYYEHUs] THTAHOBBIX IOPOLIKOBBIX MaTEpHAlIOB C
Hechepuueckoil (GopMON YacTHIl, TOJYyYEHHBIX MyTeM JApoOJeHHs TUTaHa TyO4YaToro 10 HEO0OXOTUMBIX
(bpaxmui.

B nmanHO# paboTe paccMOTpEeH Croco0 AE3UHTETPUPOBAHUS WM JIPOOJIEHHE JIETUPOBAHHOTO TyOUYaTOTro
THUTaHA IPU TIOMOIIH TEPMOXUMHUECKOTO OXPYIUHUBAHHS IOCPEACTBOM BOIOpoaa. [ 3TOro Ha KOHCTPYKTHBHO
MOJICPHU3UPOBAHHON yCTaHOBKEe THIApHpoBaHUS [l] oOTpaboTaHbl pPEXUMBI HACBHIIICHHS BOIOPOJOM
JIETMPOBAaHHOTO THTaHA I'y0UaToOTO U MOCIEAYIOIINX IIPOLECCOB APOOIICHNS, pacceBa U AeTHPUPOBAHHSL.

B pesynbrare nomyuenst HDH nopomku nernpoanHoro tutana (Ti-Mo-Al-V-Zr), xuMudeckuii coctas
KOTOPBIX II0 BCEM 3JEMEHTaM COOTBETCTBYeT MapouHoMy cruiaBy BT20. dopma mnomydeHHBIX MOpPOIIKOB
ABJIsIeTCS Hecepryeckoil. YacTuIpl MOpoIIKa HMEIOT yIiIoBaTyio GopMy, B CBSI3U € 4eM 00J1a1aloT HEBBICOKOM
Teky4ecTbio [1]. OmHaKo, YacTHIBI YIIIOBAaTOH (POPMBI MOTYT 0OECIICUNTh MEHBINYIO IIOPUCTOCTH MOPOIIKOBBIX
M3/IEJINH, TaK KaK IIPOIIECcC MeYaTy MoIpa3yMeBaeT NeperiaBieHue MOPOIIKOB, IOATOMY UX (hopMa HE BIMSET Ha
TEOMETPUI0 KOHEYHOTO M3IEIIHS.

B pesympTare MOXHO cZenaTh CIEAYIOIINE BBIBOABL: TEXHOJOTHS MOIYYEHHS JIETHPOBAHHOTO THTAaHA
ry04aToro MO3BOJSET HCKIIOYNTH 3aTPAaTHBIE M TEXHOJOTWYECKH CIOXKHBIE OMNEPALUH, YTO IMOJO0XKUTEIHHO
MOBJIMSET HA CTOMMOCTB CBIPBSl, @ COOTBETCTBEHHO M Ha CTOMMOCTb KOHEYHOTO MPOJIYKTa MEYaTH METOAOM
aIUTUBHBIX TEXHOJIOTHI.
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JIJist ceneKIuu palioaKTUBHBIX H30TOIOB, HAXOISAIIMXCS B MOJIIPHBIX PACTBOPAX MOTYT OBITh UCIIOJIE30BAHBI
BHEIIHUE TEPUOTUYCCKUC SICKTPUUCCKUE MOJs BBICOKOH vacToThl [1]. B Hacrosiee Bpems MOAaBIsIONICe
YUCIIO METOJIOB OOOTAIlCHUS PAJHMOAKTHBHBIX H30TONOB TPEOYIOT JOMOJHHUTEIBHBIX areHTOB, YTO B CBOIO
ouepe/lb MPUBOIUT K YBEIHMUCHHUIO KOJIMYECTBA PATUOAKTUBHBIX OTXOI0B. METO/ CENEKTUBHOTO Jpeliha HOHOB
METAJUIOB O] ACWCTBHEM BHEUTHETO ACHMMETPHYHOTO SJIEKTPOMArHUTHOTO TOJS, II03BOJISICT BBIACIHUTH,
HE0O0XOIUMBI 3j1eMeHT 0e3 00pa30BaHUs JOTOJTHATENBHBIX PAaIHOAKTHBHBIX OTX0Z0B [2]. B kadecTBe 00BEKTa
JUIL WCCIIEIOBAHWK OBIT BBHIOpAH CTPOHIMHA KakK SIPKUHA MPENCTaBUTENH OTPabOTaHHOTO SICPHOTO TOIUIMBA
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