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V wmexax y3arajgpHeHoi Mmojenmi Kinmanm mns kpucTaiiB 3 HEHTpOM cuMeTpil Broepuie (opmamizyloTbes
3aJIeKHOCTI TYCTHHH CTaHiB Ta e()eKTUBHUX Mac HOCIIB Bil eHepril IUisl akTyaJbHHX 30H (30HA MPOBIAHOCTI S-THIY Ta
TPY BAICHTHI 30HH p-THITy). OTpUMaHi 3aMKHEH] aJITOPHTMH Ta BUPa3H Ul PO3PaxXyHKIB 3a3HAUCHUX 3aJICKHOCTEH,
B SKUX (ITypyloTh JIUIIE NapaMeTpH y3aranbHeHoi mozeni Kinman. YmcioBi po3paxyHKH T'yCTHH CTaHIB BUKOHAHI
st docoiny xagmito (Cd;P,), mepcreKTHBHOrO J1a3epHOrO Martepially, IS SIKOTO TAaKOXK BIEpIIEe pO3paxoBaHi
3HAUCHHS e(DEeKTHBHHX Mac €NEKTPOHIB, a TaKOXX BAKKHUX, JIETKHX Ta CHIH-BiIIEIUIEHHX Oipok (m*/m, = 0,048 ta
0,664, 0,155, 0,169 BiamoBinHo). Po3paxyHkoBa eHepreTHUHa 3aJeXKHICTh €(EKTUBHOI MacH EJIeKTPOHIB 100pe

CMIBIA/a€ 3 EKCIICPUMEHTAIBHUMH OLIIHKAMHU.
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I. Beryn

3onHa moaenb Kimman [1] cieprry Oyna po3pobieHa
JUISL  XaJIBKOMIPUTIB  3arajbHOI  XiMIYHOI  opMynn

IQIV YV
A'BC,. 3aCTOCOBYBamacst st
PI3HOMaHITHUX OJHOBICHMX KPHCTANIB, 30KpeMa i s

IlizHime BoHa

InpVv . o
cronyk tuny A, B, [2,3], siki € 06°ekTOM Hamoi yBarm.

Sxmo aBtop [2] BXKMBaB BiANpaBHUA BapiaHT MOAEIi
Kimgan, 1o mami y poboti [3] Oyma 3amporoHOBaHa
y3arajbHeHa  MOZENb, sKa BPaxOBYe TaKOX 1
TETparoHaabHy AedopMariiro TpaTKy.

Cepen monimopduux Momubixaniii cronyk AlB)
CIOCTepiralThes K a3y 3 HEHTPOM CUMETpii Tak 1 6e3
neHTpy cumerpii. Jlerkicte mepeOynoBH KpHCTaTidHOT
CTPYKTYpH LMX MarepiajliB MOB’s3aHa 3 HASBHICTIO B
KaTIOHHIM MiATpaTIi CTEXiOMETPHUYHMX BakaHCii (piBHO
yBepTb BCciXx By3miB). lLleHTp cmmerpii  MmaroTh
HEBITOPSAIKOBaHI KyOiuHi ¢basm, Ta  YacTHHA
YHOPSAKOBAHUX TETParoHaJbHUX. [3-6].

Crnonyku tuny AYBY  orpumanu pisHOMaHiTH:
oIry! y 3D, OTp p13HO e

3aCTOCYBAaHHS B CydacHiil enekTpoHirli. 3okpema (ocdin
kamMmito (Cd;P,) BigmaBHa 3HaHWU SIK TEPCIEKTUBHUI
Ja3epHUil MaTepias 3 JOBKUHOIO XBHJIL Yy MEXaX OJHOTO
3 iH(ppayepBOHMX ,,BIKOH Ipo3opocTi” moBiTps [4,5],
OCTaHHIM 4YacoM OyB ONHMCaHMH SK e(pEeKTUBHHUI
KBAaHTOBHH  MIJICWIIOBaY  CBiTJNA ISl  ONTHYHHUX
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BOJIOKOHHMX JIiHIH (200 y BHUIIANl IMIUIEMEHTOBaHHUX
KBAaHTOBHX TOYOK, a00 y BWIVISAI HAHECEHOIO Ha
OINTUYHE BOJOKHO IUTIBKOBOTO MOKPUTTS [7,8]).

IIpote, y OUIBIOIOCTI BWITAIKIB BIACTUBOCTI ITHX
MaTepianiB, i 30kpema Qocdimy KamMmiro, HamMaraiucs
MOsICHIOBaTH, abo y Mexax moxeni Keiina [4,5,9], ska €
KOPEKTHOIO JHIe uid KyOiuamx Moamdikarmiii, adbo y
TepMmiHax cmpomieHoi Moxenmi  Kimmanm [1,2] 06e3
ypaxyBaHHS ~CYTTE€BOi TeTparoHaibHOI  Jedopmartii
rpatkd. 30Kpema, JazepHui edekT y Qocdinl kagMmiro
BUSIBWJIOCS HEMOXKJIMBO TOSICHUTH Y MEXax LUX IiIXO0/IB
0e3 IOCUTh IITYYHHX INPHUIYIIEHb IPO 0OOB’SI3KOBE
iCHyBaHHA Ta Yy4yacTb B IIpollecax iHIYKOBaHOTO
BUIIPOMIHIOBAHHS TIMOTETUYHUX JIOMIIIKOBHX (200
nedexkTHnX) piBHIB, OJM3BKHMX A0 BEPIIMHU BaJEHTHOI
3o0nu [4,5].

Jost iHTEpIIpeTamii TUPOKOTO KOMIIIEKCY
CIEKTPUYHNX, ONTHYHHUX, (OTOCIEKTPHYHHUX Ta AESKUX
IHIIAX BJIACTUBOCTEH MaTepialliB KPUTUIHO BAXKIUBUM €
3HAaHHS CHEPreTHYHHX 3aJISKHOCTEH TYCTHHH CTaHIB y
aKTyaJlbHUX 30HAaX, a TakKoX e(EeKTHBHUX Mac HOCIiB
3apsny. Ilpmuomy, Bimomo, mo (QyHAaMEHTabHI
3aJI€KHOCTI TYCTHHM CTaHIB BiJ €Heprii JMIIalThCs
KOPEKTHOI0 XapaKTEpPHCTHKOI0 MaTepialy HaBiTh TOI,
KOJIM BIH BTpayae JalbHIM MOPSIOKI mepecrae OyTH
kpuctamigaum [10].

3 ooy Ha BHIIEBHUKIIAACHE TOJOBHUM 3aBIAHHSIM
HaIIOTo JOCTiDKEHHS € dopMatizallis po3paxyHKiB



I'yctunm cTaHiB Ta epeKTHBHI MACH...

CHEPreTUYHUX  3aJICKHOCTEW TYCTUHH CTaHiB  Ta
e(eKTHUBHAX MacC HOCITB B MeXaX y3arajJbHEHOI MOJEi
Kinmgan. 3amnpomoHoBaHMI METOJ UTIOCTPYETHCS Ha
npukiiani gocdimy kaamiro TeTparoHamIbHOT MoaUdIKaITil
3 TEHTpOM cuMeTpii (TpoCcTOpoBa Tpyma CHUMETpii
P4,/nmc ) ax 1o mopiBHAHHS 3 eKCIEPUMEHTAILHIMA

JaHUMH BKJIFOYHO.

PesynbraTn, BHKIaIeHI y NMpe3eHTOBaHil poOoOTi, €
YaCTHHOIO JIOCIiKEeHb Jlabopartopii Teopii TBeporo Tina
mpu  kadenpi 3aranbHOI Ta NpUKIagHOI  (Pi3MKH
XepCOHCHKOTO AEp>KaBHOTO TEXHIYHOTO YHIBEPCHTETY 3
TeMaTukn  «CHEKTPH  OJHOYACTHHKOBHX  30YIKEHb
OJTHOBICHUX KpHUCTaJiB» (HOMEp Jep>KaBHOI peecTparii —
0102U006721).

II. Teopis

VY3aranpHeHe JICTiepCiiiae PIBHSHHS TUTST
TETparoHaNbHUX MoOAHU(DIKAIiii 3 TEHTPOM CHUMETpii
3pYYHO 3amucaTd y CEepudHiil cucTeMi KOOpAWHAT -

(k,e,(l))- 3 MNOJAPHOK BICCIO, ILIO CINBIagae 3a

HampssiMOM 3 TOJIOBHOIO BIiCCIO CHUMETpii KpHCTaTy, Y
Bursai [3]:

o= v(e)

=0 f (€)sin® 8 +£, (€)cos’ B M
a0 y nemo iHmmi Gpopmi:

S EACEIO

ne u=cos 0 , a paxropu 3 npasux yactuu pisHsHb (1,2)
3aNexkaTh BiJl eHeprii HociiB € (il BIWIIK BEICTHCS BiA
BEPIIMHNA 30HU BaXXKUX JIpOK) Ta TMapaMeTpiB Momemi
TaKUM YHHOM:

f,(e)=P*((e+0/3)(e+3+3) ~F £/9). (3)
f, () =n‘P’e(e +24/3), O]
y(¢) :s(s—eg) X
xHe+20/3)(e+8+N3) 21T & /9

Je mapamerpu Sg,P,A - BiZIOMI 3 KJIACHYHOI MoJiesi

6))

Keiina [9], O— 3Hammii 3 podoru Kingan [1] mapametp
KpUCTAliYHOTO TOJsI, a mapamerp IlomyboTtka [11]
(TIOKa3HUK TeTparoHAJNBHOI AUCTOpCIi Tpatku — 1) Wi

. . cw . 11 Y4 .
X monmiMopdHux Momudikaniit kpuctamiz A;B, , ski
HalexXaTh 10 KpUCTaldiyHoro kmacy 4/mmm, wmae
HACTYITHUI BHpa3 4Yepe3 CTali TeTParoHalbHOI TIpaTKu
a,c:

c

s

Slkmo moknactu B piBHsaHAX (2-4) N=1, To

(6)

OTPUMAEMO PIBHAHHS quctepcii 3BuaHO1 Moxeni Kimman
[1], a npu momatkoBomy mpunyiensi O =0, piBHSAHHS
(1,2) crpomryrotbes 1o Mozaeni Keiina [9]. 3ayBaxumo,
mo moMix ~ mapamerpamu O Ta I icHye
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(yHKIIOHANBHUKA ~ 3B’SI30K, HaBEJCHHH Y
BUKOPUCTAHUH y MOJANBIIAX PO3PAXyHKaX.
Ockinbku  piBHsHHES (1,2) 3ammcani B cdepuuHii
cuctemi  koopauHar  (K,0,(0), To  3posymino,
mo0<k<o,0<0<T,0< ¢ <27, T06T0 CTaHAAPTHO
Uit i€l cucteMu. bimbme TOro, ymoBa HEBUXOIY

31 i

MOJIyJIsl XBUILOBOTO BEKTOPY K 1032 Meki Mepiioi 30HH
BpimmoeHa HakiIagae HaBiTh KOPCTKile 0OMEXEeHHs Ha
Tt

2
av2

Hesanexnicts aucnepciiiHUX piBHSHBb B KyTa

mo 3minHy: 0<Kk < SIKE MM BHKOPHCTA€EMO JIAJi.

¢

O3HaYae, MO TIOBEPXHI PIBHOI €HEprii € MOBEpXHIMH
o0epTaHHS HAaBKOJO IOJIAPHOI OCi, KOTpa CIiBIAgae 3
BicCI0O uyeTBepTOro mopsaaky Ta HampsamoM 0 =0 (a6o
u=lI).

Kinbkicts kBaHTOBHX cTaHiB AN, mo MicTiaTbCs B
inTepBani emeprii Bix € 1n0€+dE, y pospaxyHky Ha
OMHHIIO 00'eMy, MOXKHA3aIHMCATH y TAaKOMY BHIJISI
[12]:

3
sd’k
dN=""—, ™
(29
JIe S — KpaTHICTb BUPOJDKCHHS CTaHIB B aKTyallbHIiH

eneprermaniit 30mi, d’k = dk dk dk, — enement o6'emy

B k -nipoctopi, kotpuii y chepuuniil cucteMi KoopauHaT
€ TaKHM:
d’k =k’dksin0d0d¢ . (®)
ITinctaBumo piBHAHHA (8) y (7) 1, KOPHUCTYIOUUCH
HE3aJIeKHICTIO 3akoHy nucnepcii (1), TOOTO BeTMYUHU

kée Bia cepuunoro kyra ¢, Bisbmemo interpan Bin (7)

10 1[bOMY KyTy. Take iHTerpyBaHHs 1a€ MHOKHUK 2TT y
gucenbHuKy (7). Y MiACYMKY MaTHMEMO HACTYITHUN
BUpa3 ISl iIHTETPOBAHOT MO KyTy () KiTbKOCTI KBAaHTOBUX

CTaHiB, SKIIO JI0JIaTKOBO Bpaxyemo, mo sinB@de = —du :

sk’ (g,u) %ﬁds du

dN(gu) =~ : )
(29
Hami wmaemo 3 (9) micis iHTErpyBaHHS IO
3MinHii 1 21 = —1 HacTymHHI Bupa3:
sd
(10)

1
€ [Pk ]
dN(e) = —Ikz (s,u) Ba—Hdu .
(2T[2 ) J 3
BpaxoBytoun ToW (akT, IO MigIHTErpanbHUNA
Bupazy (10) 3amexuTh Big  KBajgpary  3MiHHOI
IHTETpyBaHHs, TOOTO u’, omke, migiHTerpambHa QyHKITIS
€ MapHOI 1 CHMETPHYHOK BigHOCcHO Toukn U =0,
dN(e)
de

OCTaHHIO (OpMYJly MOXKHA TEpenucaThy Aemo OiIbIT
KOMITAaKTHOMY BHUTJISII :

Os .0k’ (g,u
g(€)=56;5j' ((33 Jau

Hapemri, 3MiHIOIOYM MICHSMH IHTETpYBaHHS Ta

TaKOX Te, [0 T'YCTHHA CTaHIB JJOPIBHIOE g (S) =

>

(Imn
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JudepeHiloBaH S MiIHTErPaIbHOTO BHpasy, a TaKOoX
BPaxoBylOUM TE, IO S =2 Yy BHIAIKy KPUCTAIIB 3
LEHTPOM CHUMETpii, OTPUMYEMO BHUpa3 Uil TYCTHHHU
CTaHIB y HACTYITHOMY BUIJISI/II:

ol 8o |, O
gle)= — [k’ (&u)dup]. (12)
( ) ET[2 HDO&([ ( )d 0

®opmymna (12) € qocuTh 3aranpHOIO, BOHA Mae Micle

HE3aJIEXKHO BiJl KOHKPETHOro BUrmsiay dyskiii k’ (S,u) ,

npy yMOBI, 110 Ha iHTepBaii iHrerpyBanus (0<u<l),
(hyHKILIS T IHTErpaioM He MOTEePIAE PO3PHBY.

B xoHkperHili cuTyauii 3akoHy aucrepcii, 0o
3a/IaHuH PIBHAHHAM (2), 1Ie eKBIBaJCHTHO MPUITYIIEHHIO,
mo 3HaMeHHHWK (2) He o0epTaeThCs B HYNb Yy SKIHCh
TOYIII came Ha IbOMY iHTepBai. [[pUIyCTUMO CIIOYATKYy,
0 MU 3HaXOJMMO TYCTHHY CTaHiB CaMe€ Ha TaKoMy
intepBaini. Toxi, mincraBmstoun (2) y Bupas (12), micis
NPOCTHX TEPETBOPEHb Ta B3ATTS IHTErpally, SKUH Yy
POMY BHIIQJKy MOXKHa OTPUMATH 4Yepe3 eIeMEHTapHI
GbyHKIIT  CTAaHTAPTHUMH METOJaMH  MAaTEMAaTUYHOTO
aHa;izy, MOJKHA 3aluCcaTH HACTYIHUM BHpa3 Ui
TYCTHHU CTaHiB:

07 y(e e)
-2 10 A0

SIKmo K Ha IHTepBalli IHTETPYBaHHS 3HAMEHHHK Y
Bupazi (2) obepraeTbcs B HylNb B TEBHIA TOYIi

(13)

inTepBany, T0 (opManbHO B Takiit Touni k¥ — 00, a
iHterpan, korpui ¢irypye B (12), po3xomutscs Ha
BEpPXHIl Mexi.

IIpore, BuIe MH OOMEXHIN MOXYNIb XBHJIBOBOTO
BEeKTOpa po3Mmipamu Tmepmoi 3oHM bpimoena. Tomy
iHTeTpyBaHHs y BuUpa3i (12) B TakoMy pasi crif

nposoauty juie y Mexax 0 Su <u_ , npuuomy BepxHs

Meska iHTerpany 3 (12), i3 ypaxyBaHHAM OOMEXeHHs Ha
MOJyJIb XBHWJIBOBOTO BEKTOpPY, BH3HAueHa HACTYIHHUM
BUPA30M:

(621 vee)
N O EAONS

npuuoMy KopuctyBaTHcs Qopmyioro (13) He MoxHa
JUIIE HAa TUX iHTepBajaxXx CHEPrii, Je BUKOHYIOTHCS
YMOBHU:

(14)

0<u,(€)<1. (15)

Ipore, i y mexxax 0<u<u_ inrerpan y popmyui
(12) Bce me MoOXHa BHpa3HTH YEpe3 eJeMEHTapHI

0 0
Ca ]
f -2 0
e ()= 2B V() O (&) =2 E ) 306
? 0t paf, (€ f () -, (¢ E
3po3ymiio, mo y (13) Tta (16) 30BHIIIHE

JudepeHniloBaHH MOXHA B IPUHLUII BHUKOHATH JI0
KIHIIS, 1 TAKAM [UIIXOM OTPUMATd BHpasd ISl TYCTHH
CTaHiB y po3ropHyTOMYy BUTIAI. BTiM hopmynu cTaroTh
0Py LOMY HAJ3BHYAHO TPOMI3IKUMH Ta HE3PYUYHHMH
JUISL KOPUCTYBaHHS, 1 TOMY BOHH TYT HE HaBOJSITHCSI.

EdexktnBHI Macu TYCTHHH CTaHIiB B aKTyaJbHHX
30HaX MOXKHAa OTpPHMAaTH, BHXOJASYM 3 JABOX BIIOMHX
BUPpAa3iB:

n* Odk’ (g)O
m(e) == ) (17)
2 de
dk’ ()
3rrg(e) =——2. (18)
g( ) de
Hexait €, — eKkcTpeMyM akTyalbHOi 30HHM, a € —
CHCPreTUYHUIA piBeHb B IMiii 30HI. Tomi KIIBKICTH
KBaHTOBHX CTaHIB y IIbOMY IHTEpBaJIi eHEpPTil €:
€
N(£)=J'g(£)d£. (19)
Em

KomGinyroun (17-19) HeBaxxko OoTpHMaTu HpPOCTHH
BUpa3 1t ePEKTHUBHOI MacH I'yCTHHH CTaHiB Ha MIEBHOMY
€HEepPreTHYHOMY PiBHI B aKTyaJbHIH 30Hi:

2
m(g :2T[2h—g(£)y. (20)
(3N ()"
IIpudoMy, B 3aleXHOCTI Big BHUKOHAHHS (Ud

HeBUKOHaHHs) HepiBHOCTeH (15) y Bupasu (19,20) Tpeba
HiJCTaBIATH a00 GyHKLIO g, (8) 3 piBusHHs (13), abo

obyHkuio g, (8) 3 piBHsHHSA (16).

I11. Pe3ysabTaT po3paxyHKiB Ta ix
00roBOpeHHs

[Mapamerpun naucnepciiiHoro piBHSAHHSA (2) s
dochinmy kamMmiro, BUKOPUCTAHI y HAMIMX OOYHMCICHHSIX
HaBeJleHi y Tabmiti 1.

Bennaunan, HaBeneHi y TabuuIli, 30KpemMa i BeTUIrHA

5(]’]) , Oy HaBeneHi y [3].

. Hacamnepen BapTO PO3TIISTHYTH PO3MOIiT
q)yHKIIlll. Bnpa3 JJIA TYCTUHU CTaH1B B TAKOMY BUIIAIKY € NO3BOJICHUX Ta 3360pOHCHI/IX CTamiB Ha d)a3013i171
JICIIO 1HAKIIHUM:

Taoauns 1
IMapamertp,
OJIMHHUII g, eV A, eV P, eVm n o(n), eV
BUMIpY
Hucnose 0,59 0,15 720070 0,9909 0,023
3HAYCHHS
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I'yctunm cTaHiB Ta epeKTHBHI MACH...

=

theta

[} —
Wwmram—=moO
aanslenil

02 015 01 005 0
energy, eV

0201501008 0
energy, eV

Puc. 1. Po3noain 103BojieHUX Ta 3a00pOHEHHX CTaHIB Y BAJICHTHUX 30HAX:
niBa yactuna 1t O >0, npasa — & <0 .

Te+29

o e e

Te+28+

Te+274

Te+264

Te+283

density of states

T

Te+24

R

"hos 0 002 o
energy, ¢V

003

density of states

184254

les24{ ¢

Te+23 055 06 062 064 0B 0B3 07
energy, ¢V

Puc. 2. 'ycTrHU cTaHiB: 371iBa — AJIs BAXKKUX Ta JIETKUX JipOK, CIpaBa — JJIsl 30HU MIPOBiTHOCTI.

TUTIOIIVHI ,,eHePTisS-HaApIMOK™ (TUTOIIIHHA (8, 9) ), SIKU# €

MPOCTO IPOEKILIEI0 Ha BIANOBIJHY IUIOIIUHY [TOBEPXHI,
mo 3amaetbes  ¢Qynkumiero (1) Ta  momaTKOBUMH
HEPIBHOCTSAMU:

—. 2
e 2n

Ha puc.1 (niBa wacTMHA) IOKa3aHUH PpO3MOJILI
JI03BOJICHUX (3AIUTPUXOBaHi) Ta 3a00POHEHUX CTaHIB JUIs
TPpOX  BAJEHTHUX 30H  (dochiny kaamito 3
BUKOPHCTAHHSAM TapameTpiB Tabm. 1. Ak BumHo 3
MAJfOHKY, 3 TPhOX BaJCHTHHUX 30H P -TUIy [BI 30HU

0<k’(,0) <

MaroTh OOMEXEeHy IIMPHHY (Haa3BHYaiHO BY3bKa 30HA
B)KKHUX JIPOK Ta TPOXH IIUPIIA 30HA JIETKUX TIPOK), Tl
SK 30Ha  CHIH-OpOITAJIFHO  BIJUICIUIEHUX  AipOK
HeoOME)XeHa 3a eHepriero y JiBMH OiK  IIKajH.
MakcumanbHi IIUPUHE 30H BaXKHUX JIPOK Ta JIETKUX

. . . Tt
JIpOK CIOCTepiraloThcss y Hampami O :5 (TobTO

MEPICHINKYIIPHO JO TOJIOBHOI OCi KpHCTamy) i
cknagarots BiamosigHo 0,0105 eB. ta 0,0972 eB.. 30Ha
CIiH-opOiTaNhbHO  BiAIIEIUIEHWX JipoK (SIK 1 30Ha
MIPOBITHOCTI) € 130TPOMTHUMH 3 IIi€1 TOYKHU 30Dy, IHITUMH
CJIOBaMHU TIOJIOKEHHS iX E€KCTPEeMYMIiB HE 3aJIKHUTHh Bif
Hanpsamy (Bix cepuunoro kyta 0).

Puc. 1 (mpaBa gacTHHA) TOKa3y€e BIUTMB Ha PO3IIOALT
JTIO3BOJICHUX CTaHIB Ta Ha aHI30TPOIIiI0 KpaiB 30H TAKOTO
Ba)XXJIMBOTO MapaMeTpy PO3paxyHKy sk mapamerp Kimman

— 8(n).

pO3MOIiN  CTaHiB,

Ha pwuc. 1(mpaBa dacTtuHa) TOKa3aHWMA

OTPUMaHUM y TPUIYIIEHHI, II0
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0=-0,023 eB., iHakme KaxXyd4u BiApi3HACTHCA Bif
napametpy Kingan puc. 1 (J1iBa 4acTuHa) JIMIIE 3HAKOM.
Sk BugHO 3 puc. | HaWOUIBII cepilo3HMI BIUIMB 3MiHH
3HaKy mnapamerpy Kinman — cmocrepiraetbes  Ha
aHI30TPOIIiI0 KpaiB, IX IOJIOKEHHS Ha IIKali eHepriil Ta
Ha MIMPUHY 30H caMe ISl BaKKUX Ta JIETKHUX JIPOK, TOXI

AK 30Ha TNPOBIOHOCTI Ta 30HA CHIH-OpOITAIBEHO
BiIIIETITICHUX TIipOK BHSBHITUCS TIPaKTUIHO
HEYYTJIUBUMH JI0 TAKOT 3MiHH.

Bapro 3ayBaxutn, mo y wmoxeni Keiina

(0=0, N=1) 30Ha BaXKUX [ipOK BUPOJYKEHA i3
BEPIIMHOIO 30HHU JIETKHX JIPOK 1 Ma€ HYJIbOBY IIHPHHY.
HeBaxxko mepexoHaTHCs TakKoX, II0 JKOJHOI aHi30Tporii
KpaiB IIPKOBHMX 30H Y MeXkax Li€l Mozeni He iCHye, Xoua
30Ha JIETKUX JIPOK TaKOXX Mae OOMeXeHy IIMPHHY Ha
KT eHeprii.

Ha puc. 2 HaBeneHi 3aJIeKHOCTI TYCTHHHU CTaHIiB Y
JIPKOBUX 30HAaX (BOXKKHX Ta JIETKHX IIPOK, pHC. 2 — JiBa
YacTMHA) Ta Yy 30HI MpoBimHOCTI (puC.2 — Tmpasa
gacTrHa). KpuBi po3paxoByBanmcs 3a HaBEICHUM BHIIE
anroputMoM (TOOTO B 3alICKHOCTI Bl BHUKOHAHHS
HepiBHOcTei#t (15), abo 3a Bupazom (13), abo 3a Bupazom
(16)).

Sk BupHO 3 puC. 2 (QYHKLIS TYCTUHHM CTaHiB 30HH
TIPOBITHOCTI Ma€ OJIHY €AMHY OCOOJIMBICTH TOYHO Ha JHI
(Ha kpar) 30HW, ne I QyHKIS Mae MiHIMyM (3a
kiacudikamiero Ban-XoBa 1ie CHHTYJISpHa TOYKa THUITY
M,).

I'yctuHa cra”iB y [BOX Maibke BHPOPKEHUX
JIPKOBHX 30HaX Ma€ JBa PO3PHBHU Pi3HOTO THITY, MOMITHI
3 puc. 2 (iBa yactuna). [lepmmii 3 HUX, THIIOBUH PO3pUB
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Puc. 3. 3ayiexHicTh epeKTHBHOT MacH eNeKTPOHIB (371iBa) Ta JIETKUX IipOK (CIpaBa) Bill eHeprii.

Taoanns 2

m
€

Mhh

m m

lh SO

0,048m, 0,664m,

0,155m, 0,169m,

JPYroro pojy, IOB’s3aHUM 3 iICHYBaHHSIM HAJBY3bKOL
3a00pOHEHOI CMYKKH €Hepriii MOMiX IBOMa 30HAMH,
ICHYBaHHS SIKO1 BHJIHO TakKOX 3 puc. 1. BimMiTHMO Takox
HE3BUYHUHN BUTIA (QYHKIIT TYCTHHH CTaHIB y JOBKIJIII
BEPIIMHN 30HW BAXKKHUX MIPOK: I QYHKINS HE Magae 0
HyJIs, @ Ma€ TIeBHY HEHYJIbOBY MeXY. JIHO 30HH BaXKKHX
JpOK, SK IIOKa3ye aHali3, € OJHOYACHO SK TOYKOIO
po3puBy (yHKLII TYCTMHH CTaHIB TaK 1 TOYKOIO 11
CUHTYJISIPHOCTI, a BTIM HE TOYKOIO EKCTPEMyMY.
3ayBa)KUMO TaKOX [OCHTh BHCOKI 3HAYCHHS TYCTUHH
CTaHIB y BY3bKili 30HI BaXXKHX HIpOK, sIka MPHOJIN3HO Ha
MOPSZIOK BHIIA BiJl TUIIOBUX 3HAYCHb T'YCTUHH CTaHIB JUIS
30HU MPOBIIHOCTI, HATPUKIIA.

Hpyruii po3puB (pyHKIIT TYCTHHN CTaHiB, BHUTJISAAE
SK THTIOBHM CTpPHOOK (PO3pHB MEPIIOTO poay) i
OB’ SI3aHUIA 3 TOTIOJIOTIYHAM IIEPEX0J0M BiJl MIOBEPXOHH
piBHOT eHeprii y BUIJLINI emrmcoiny oOepTaHHS IO
TOBEPXOHb THITY OJHOIIOPOXHHUHHOTO TirmepOoioixy
obepTaHHA (Taki )k TIOBEPXHi PiBHOT €HEPTii XapakTepHi i
JUI 30HM BaXXKWUX Hipok). Lled TomomoriuyHmid mepexin
BiZIOyBa€eThcsl MOONIN3Y JHA 30HM JIETKUX JAIPOK 1y TOUI
TOIIOJIOTIYHOTO TIEPEX0Ny BiJOYBAETHCS TAaKOX HEpexin

THITY &, (8) - g, (8), OIMCaHUM BUIIE 1 NOB’s3aHUI 3

BUKOHaHHAM HepiBHOcTeH (15).

By3bkuil MK TYCTHHHM CTaHIiB, MOB’S3aHUA 3 UM
MEepPEX0Z0M y NEBHHX BHIAAKaxX MOXE BUINIANATH SIK
MOTY)KHUH JUCKPETHUH piBeHb Ha (OHI CTaHIB AipKOBOT
30HHU, TaK Camo 5K, 0 pedi, i HaI3BUYaliHO BYy3bKa 30HA
BaXXKUX Nipok. OcoOIMBO, SKIIO B3SATH IO YBAard TEILIOBE
PO3MUTTSI PIBHIB €HEpTii, sSIke MPU JOCTATHHO BUCOKHX
TeMIlepaTypax MpPaKTUYHO 3HHUINYE HAATO  BY3BbKY
3a00pOHEHY 30HY IMOMIX B)KKUMH Ta JISTKUMH JipKaMu.

Ha puc. 3 (miBa YacTHHA) MOKa3aHi
eKCTIepUMEHTaIbHI  (3amo3ndeHi 3 [4]) omiHKM Ta
TEOpeTH4Hi (JIiHIsA) 3aleXHOCTI e(eKTUBHOI Macu
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€JIEKTPOHIB 30HM IPOBIHOCTI Bl €HEprii, sIKi, K BUAHO,
JIoOpe y3ro/HKYIOThCS TIOMIX c00010. 3TigHO 10 MOAei

Keiina 3anexuicts m * (8) B 30HI NPOBIHOCTI TOBMHHA

OyTH TIpakTH4YHO JiHiiHOIO. IIpoTe, Hamm po3paxyHKH
JUIsL 30HM JIETKUX JIipok (puc.3 — mpaBa YacTHHA)HE
MiATBEPHKYIOTh TaKO1 3aJIEKHOCTI TS JipKOBUX 30H. Ha
pucyHky 3 (mpaBa YyacTHHA) IMOMITHA SIBHA HE JIHIHHICTb,
1 HaBiTh HEMOHOTOHHICTh 3aJIEKHOCTI €(PEKTUBHOI MacH
JETKUX MJIpOK BiJ €Heprii, BiApaxoBaHOI BIJIMO 30HHU.
m*(e)
CIOCTEpITa€ThCSl  TUIBKH  JJIL  CICKTPOHIB  30HH
nposigHocti. JIipkoBl 30HM, NpHHAWMHI B HalIOMy
BapiaHTi y3aranpHeHoi Moneni Kimpam, nemMoHCTpYyIOTh
HEIiHIHI Ta HEMOHOTOHHI 3aJIS)KHOCTI €(EKTUBHUX Mac
TYCTHHH CTaHiB BiJl eHeprii Aipok.

3HaueHHsT e(EeKTUBHUX Mac EJIEKTPOHIB Ta IipOK Y
JIOBKIJUTIO €KCTPEMYMIB 30H HaBEeIECHO Y TaOuwIl 2.
3azHaunMo, MmO e(eKTHBHI Macu s JIPKOBUX 30H
po3paxoBaHi HaMHu BIIEpIIIE, i BiJIMOBITHUX
EKCIIEPUMEHTAJIbHUX JaHUX Uil IMOPIBHSHHS HaM, Ha
JKaJb, 3HANTH HE BIIAJIOCS.

3 HaBEICHHWX BUINE MIPKYBaHb MOXHa 3pOOHTH
HACTYIIHMM  TOJIOBHUH  BHCHOBOK:  3aIpOIIOHOBaHA
y3aranbHeHa Mojenb Kinman TouHime 1 JeTaibHIIIe
OMKCYE caMe MIPKOBI 30HM JOCHIDKCHHX MAaTepialiB.
Toni sk mapameTpy 30HM IPOBIAHOCTI MEHII Yy TIUBI 10
Bubopy ™oxeni. Omxke, y3arambHeHa Mozenb Kimman
TOBUHHA OYyTH OUTBII aJeKBAaTHOIO Ui MaTrepiaiiB P -

Orxe, Maiibxe JIHIAHA 3aJI€)KHOCTI

THITy nPOBigHOCTI, Hanpukian. Zn,P, abo Zn,As, .
OxpiM TOro, pe3yJbTaTd HANIMX PO3PaxXyHKIiB
JIO3BOJISIFOTh  MIPUPOJHUM IUIIXOM OIUCATH JIA3ePHHIA
edekTy BUpoKeHOMY (ocdimi kaamiro # -Tumy. PiBeHb
®epmi y 30HI IPOBITHOCTI, By3bKa 30HA BaXXKHX JipOK Ta
TPOXH MIMpIIA 30HA JIETKUX JIPOK pa3oM (HOPMYyIOTh



I'yctunm cTaHiB Ta epeKTHBHI MACH...

KJIACUYHY TPHUPIBHEBY cxemy IHYKOBaHOTO
BUIIPOMIHIOBAHHS, HE3QJICXKHY BiJl HAsABHOCTI, 4YH
BIJICYTHOCTI JTOMIIIKOBHX, YH TO AC(PEKTHHX pIBHIB.
ExkcriepumenTanbHa MMpUHA  MIKIB  CTUMYJIHOBAHOI
JIOMIHECIIEHIII Yy I1bOMY MaTepialli TpH HU3BKHX
TeMrieparypax (sxa mopiBaroe npubiamsHo 0,01 eB [4,5])
nobpe cmiBmazgae 3 MaKCUMAIBHOIO IITHPUHOIO 30HHU
Baxkux mipok — 0,0105 eB., sixka oTpuMaHa HaM¥ BHIIIE.
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Densities of States and Effective Masses within Generalized Kildal Model
(CD;P, AS an Example)

Kherson State Technical University, Department of Cybernetics, Laboratory of solid state theory, Berislavske shosse,
24, 73008, Kherson, Ukraine, phone: +380-0552-326922, e-mail: olga_dvortnik@mail.ru

The dependences of densities of states and effective masses on energy within the generalized Kildal’s model
have been formalized first time. It was performed for crystals with symmetry centre and for actual bands especially
for the s-type conductivity band as well as for three p-type valence bands. The closed algorithms and the expressions
for the calculations of mentioned above dependences have been obtained. Only the parameters of generalized Kildal-
model contain in these expressions. The numerical calculations of the densities of states for the cadmium phosphide
(Cd;P,) as a promising laser material and the calculations of the values of the electrons effective masses as well as of
the heavy, light and spin-spllited holes (m*/my = 0.048 and 0.664, 0.155, 0.169 respectively) has been performed at
first time. The calculated energy dependence of electrons effective mass is well agreed with experimental

examinations.
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