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. . . IV
Mi:k30HHI mepexoan B kpuctadivaux cnoaykax TIINX,—D X,

(D'V_s| Ge, Sn; X - S, Se)

I[aHI/IJILqVK c.t , 3amypyeBa O. B.}, Caxurok B.€.}, denocos C.AL , 3axapuyk JI.A. 2
'Bonuncoruii HayioOHanbHUll YHigepcumem imeti ﬂecz Ykpainku, Jlyyok, Yrpaina
Zﬂyubkuﬁ HayioHanbHull mexHiynuu yHieepcumem, Jlyyvk, Yrkpaina,
dima.zakharchuk@gmail.com

HaykoBui B ramy3i (i3uky HamiBOpPOBIAHHUKIB 1 HAMiBIPOBIAHUKOBOTO
MaTepiaio3HaBCTBA MOCTIMHO 3aiiMarOThCS MOIIYKOM HOBHX NEPCHEKTUBHUX
MaTepialiB sIK OCHOBHOIO JKepesia pO3IMIUPEHHS Ta BAOCKOHAICHHS (PYHKIIIH
ICHYIOUMX HaIliBIPOBIAHUKOBHUX EJIEKTPOHHHUX €JIEMEHTIB.

CyuacHuil pO3BUTOK TEXHOJIOTiH MOTpedye BUKOPUCTAHHS MaTepialiB 3
Harepe] BU3HAYEHWMH BJIACTUBOCTSAMU. [IpsAMO30HHI HamiBOPOBIIHUKU
OCOOJIMBO  BaXUIMBI JUIsl  €JCKTPOJIOMIHICIIEHTHUX TPHIAIIB, TaK sK
BUIIPOMIHIOBaJIbHA pPEKOMOIHAIlsI Yy HUX MpoTikae 0e3 yyacTi (HOHOHIB 1
OUlKyBaHa KBAaHTOBA €(EKTHUBHICTh MOBMHHA OyTH 3HAYHO BUIIOI, HIXK JJIS
HaMIBIIPOBIIHUKIB 3 HEMIPSIMOIO 30HOI0, Y SIKMX IPH Nepexoax 30yIHKyIOThCs
¢oHoHu. Y Toil ke yac s (OTONPUCTPOIB OCHOBHUM (PAKTOPOM, IO
BHU3HAYA€ KBAHTOBY €(EKTUBHICTb, € KOE(IIEHT IMOIJIUHAHHS 1 IIMPHUHA
3a00pOHEHOI 30HU. TOMY Ba)XKJIMBUM € BCTAHOBJICHHSI MEXaHI3My MIK30HHUX
NepeXOAiB A1 OUIHKH MOKJIMBOCTI IPAKTUYHOTO BUKOPUCTAHHS.

OnTuyHi BUMIPIOBaHHS SIBJIAIOTH COOOI0 HaWOLIBII Ba)JMBI 3acO00U
BU3HAYECHHS 30HHUX CTPYKTYp HamiBNpOBIAHUKIB. [HAyKOBaHi (oTroHammu
€JIEKTPOHHI MEpPeXOJu MOXYTh BiIOyBaTUCAd MIXK pI3SHUMHU 30HaMH, SKi
NPU3BOATH O BU3HAYEHHS €HEprii 3a00pOHEHOI 30HU, a00 B MeXaxX OJHI€l
30HU, IOTJIMHAHHS HA BUTbHUX HOCISIX. ONTUYHI BUMIPIOBAHHS TaKOXK MOXKYThb
OyTH BUKOPHCTaHI JijIsl BUBYEHHS KOJMBaHb PENIITKU ((DOHOHIB).

HamiBnpoBinuukoBi nmotpiitHi cnonyku tuny TlInX; € nepcnekTuBHUMH
B AKOCTI ()YHKIIIOHATHHUX MaTepiajiiB Cy4acHOI OMTOEIICKTPOHHOI TEXHIKH,
JUIsl 3acTocyBaHHS y (GoToHimi Ta ¢oToBodbTaill. HeonHo3HauHIiCTh Yy
3HAYCHHSAX BEJMYMHM €HEPreTUYHOI MITMHUA 1 MeXaHi3MiB mepeHocy [1-3] €
HACJIZIKOM CHJIBHOI Je(eKTHOCTI CTPYKTYpPH, BJIACTHBOI IIapyBaTUM
HAIIBIPOBITHUKAM, 1 IPOSBOM TOJIITHUITI].

3MiHa (I3MYHUX BJIACTHUBOCTEM BiJ MOJSIPHOTO BMICTY KOMIIOHEHT X,
MOB’s3aHUX 3 TMepeOyJ0BOI0 30HHOI CTPYKTYpH, 3HAYHO PO3IIMPIOE
DyHKIiOHANBHI MOXIMBOCTI KpucTamiunux cromykax TlnX,—D'VX. Ha
ocroBi cronykn TlInSe, y cucremi TlInSe,— D'VSe, (D" — Si, Ge, Sn)
YTBOPIOIOTHCA TBEPJl PO3YMHU MPOTSKHICTh SIKUX CTAHOBUTH 35 Moa. %
SiSe,, 25 moi. % GeSe,, 28 moi. % SnSe, [4].

3a ONTHYHUMH BUMIPIOBAHHSMHU EKCIIEPUMEHTAIBHO OyJI0 OIIHEHO
3aJIEKHOCT1 3HaYEHb BEJIMUMH CHEPTETUYHOI IIIJTUHU B MOJISIPHOTO BMICTY
xommoHeHT X (Si, Ge, Sn)Se, mist kpucramiunux cnoayk Tly4Iny,Si(Ge)Se,
(x=0+0,2), Tl4In;,Sn,Se, (x=0+0,25), Tl4INn1,SN,S, (x=0+0,5). dus
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X =0 yci AOCHi)KyBaHl HAMIBNPOBIIHUKUA € TPSIMO30HHUMHU (€HEpreTuyHa
uriaa npsma). [pu X > 0,1 eHepreTHyHa MIUTMHA € HEMPsiMa 1 30UTbIIYETHCS
HACTYITHUM YHHOM:

Big E, pu X 1o E, pu X JUTSI MaTepiajiB
1,53 0,1 1,73 0,2 Tl 4N, Si,Se,
1,56 0,1 1,58 0,2 Tl 4In,.Ge,Se,
1,42 0,1 1,64 0,25 Tl4IN1.Sn,Se,
1,34 0,1 1,91 0,5 Tl 4IN1,SN,S,

JIJis Takux MPSAMO30HHMX HamiBIpoBiaHUKIB, sk T1INSe; i TIINS, (x = 0),
IMITyJIbC TIPM MDK30HHHUX Tepexojiax 30epiraerbcsi, TOMY IIi Mepexoau
XapaKTEepPU3yIOThCsl BUCOKUM cTeneHeM iMoBipHOCTI. [Ipu npomy enepris
(OTOHIB MPUOIHU3HO JOPIBHIOE MIMPUHI 3a00pPOHEHOT 30HU HAIIBIPOBITHHKA.
VY npsMO30HHUX Marepiajiax MpoIleC BUIPOMIHIOBAIBHOI pPEKOMOIHAIT €
nominyrounM. Y Toit gac s Tl 4In;(Si, Ge, Sn),Se,, Tli«In1,SnS, mpu X >
0,1, y axux 3a00poHEHa 30Ha HEMpsiMa, UMOBIPHICTh MI)K30HHUX NEPEXOAIB
HaJ[3BUYAHO Maja, OCKUIBKUA B I[bOMY BUIAJKY JJIsI 30€pEKEHHS IMITYIbCy
pHU 1epexoi HeoOXiaHa ydyacTb OHOHIB a00 1HIIUX (AKTOPIB PO3CIFOBAHHS.
ToMmy msis NIACWICHHS BHUIPOMIHIOBAJIBHUX NEPEXOAIB Y HENPSIMO30HHHUX
HaITBIIPOBITHUKAX CIICI[IaJIbHO CTBOPIOIOTH pPEKOMOiHAIlIMHI LeHTpu. Taki
edEeKTUBHI IIEHTPU BUIPOMIHIOBAIBHOI PEKOMOIHAIlT MOXKYTh OYTH CTBOpPEHI
[UIIXOM BBEIEHHS CIEIIAJIBHUX MOMIIIOK. HailOlnbIl BaXXKJIMBUM METOIOM
30y/PKEHHSI €JIEKTPOTIIOMIHICIICHINIT € 1HmKeKiitHui. [Ipu npsMomMy 3MileHH1
HAa P-N Tepexojl 1HXEKIs HEOCHOBHMX HOCIIB uepe3 IMepexil MOoxkKe
npu3BeCTH J10 ©()EKTUBHOI BUIPOMIHIOBAIBHOI peKoMOiHaIlii, TaKk fK
€JIEKTPUYHA €Heprisi 0e3M0CcepeIHbO MEPETBOPIOETHCSA B POTOHMU.

ToMmy Marouum HasBHUMHU HEOOXIJHI CKJIaJ0BlI KOMIIOHEHTH Ta A00pe
HAJIATOJUKEHHI TEXHOJIOTII BiATBOpeHHs KpucTamiannx cronyk TInX,—D'VX,
(D" — Si, Ge, Sn; X — S, Se), MOKHa onepKyBaTH OGaraTodyHKI[IOHAIbHI
MaTtepianu AJig ONTOEIEKTPOHHHUX MPUCTPOIB. 3MIHOK MOJISIPHOTO BMICTY
KOMIIOHEHT X MOXXHa MPOTHO30BAHO 3MIHIOBATH MEXaHI3MU MIK30HHUX
MEepexoiB HAMBIOPOBIIHUKIB, IO PO3IIMPIOE TMPAKTUYHE BUKOPUCTAHHS
MaTepianxy JJist CBITJIO- Ui (POTONPHUCTPOIB.
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Model phonon spectra and densities of states of crystals
Mo5;Ge, Nb;Ge and V;Ge

1. Nebola®, A.F. Katanytsia®, D.l.Kaynts', Yu.l.Tjagur®, 1.M. Shkyrta?, M.M.Pop™
YUzhhorod National University, 3, Narodna Sg., 88000 Uzhhorod, Ukraine
“Mukachevo State University, 26, Uzhhorodska str., 89600 Mukachevo, Ukraine
E-mail: ivan.nebola@uzhnu.edu.ua

The effectiveness of the combination of the concept of superspace symmetry
[1,2] and ideas of the lattice model [3] for calculation of model phonon spectra of
complex crystal formations [4-6] has been shown. (3+3)-dimensional bases, sets
of modulation vectors, modulation functions, generalized dynamic matrices and
(4ax4ax4a) lattice model for describing the crystal structure and calculations of
model phonon spectra and densities of states of MosGe, Nb;Ge and V;Ge
structures for various combinations of force constants have been presented.

Representatives of the A-15 family are interesting as the most high-
temperature superconductors. The progenitor of this family is aluminum niobium
NbsAl [7], a typical superconductor with the structure A-15 (cubic structure of
type B-W with the space group Pm3n No. 200. The simple cubic unit cell
contains 8 atoms in the positions ([0,0,0], [1/2,1/2,1/2],[x,1/2,0],[-
x,1/2,0],[0,x,1/2],[0.-x ,1/2],[1/2,0,x],[1/2,0,-X]) where x=1/4. It is convenient to
set all these positions in the lattice model of order 64. For their generation the
(3+3)-dimensional direct and inverse bases were used [4-6]:

The calculated model phonon spectra and densities of states of the indicated
representatives of this family with using the methodology [1, 4-6] are illustrated
in Fig. 1.

MosGe; (95.94,72.6) powerConstants: = MosGe, (95.94,72.6), powerConstants: =
Vector[row](10, [0, 0, 0, 10.9.10,01.10, 9, 0, ( Vector[row](10, [0, O, 0, 60.9.1,0.1,05, 0, O,
0, 0]) 0]).
NbsGe; (92,9,72.6). powerConstants: = NbgGe; (92,9,72.6). powerConstants: =
Vector[row](10, [0, 0, 0, 10.9.10,01.10, 9, 0, Vector[row](10, [0, O, 0, 60.9.1,0.1,05, 0, 0,
0, ) ),
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VeGe, (50.9,72.6) powerConstants: = VeGe; (50.9,72.6) powerConstants: =
Vector[row](10, [0, 0, 0, 10.9.10,01.10, 9, 0,| Vector[row](10, [0, 0, 0, 60.9.1,0.1,05, 0, 0,
0, 0]) 0D)

Fig. 1. Model phonon dispersion dependences and densities of phonon states of
MosGe, Nb3Sn and V;Ge crystals calculated for highly symmetric directions of
the Brillouin zone in schemes with different combinations of force constant
values.

The values of the force constants a, are given in order of increasing the
distance between the orbital positions 1(0,0,0) and 1+1, while all possible variants
of the distances between pairs of positions occupied by atoms were taken into
account. The force constants were chosen in the equidistant approximation. For
example, for the NbzSn structure, the power constant o4, Which describes the
interaction at a distance of 2a, is equal to 10.9 n/m, and all others are equal,
respectively, to (powerConstants: = Vector[row](10,[0,0,0,10.9.10,01.10
,9,0,0,0,0]). Two identical combinations of force constants were chosen for all
the investigated crystals.

The resulting model calculations reflect the modification of phonon spectra
exclusively depending on the mass characteristics of metal atoms. It is shown that
by choosing the certain combinations of force constant values, mainly a4, o5 and
ag, it 1S possible to obtain phonon spectra with optical frequencies within the
range of 150 to 240 cm™* (for Nb,Sn crystals, it correlates with the experimental
data [7]). At the same time, the distribution of densities of phonon states is
significantly different. We note the proximity of the ranges of high-frequency
optical branches for a number of crystals and significant difference in the values
for low-frequency and especially acoustic branches.
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