AJP FiZiKA 2024

section: C Conference

Naxcivan-100

Ini-xErxSe (x=0,0001; 0,0003) KRISTALLARININ ELEKTRIK XASSOLORI
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Miiayyan edilmisdir ki, T<200K temperaturda p-InSe, n-Ino,9e99Ero,0000Se va n-Ino,9997Er0,0003Se sabit elektrik salosinds
va tobii laylara perpendikulyar istigamatdo doyison uzunluglu sigrayish kegiricilik méveuddur. Fermi soviyyosi yaxmliginda

hal sixhg (Nf =1,1-10'%-5,3.10%° 5B-cm®), energetik sopslonms

( AE=0,01-0,03 3B), sigrayislarin orta mosafasi

(Ror=46,16-101,62 A) vo lovuskamn konsentrasiyasi (3,0-107-5,0-10%8¢m3) hesablanmisdr.

Acar sozlar: mikammol kristal, nadir torpaq elementlori, elektrikkegiriciliyi, yarimkegirici birlosmalorin tomizlanmasi.
PACS: 71.20.Nr Yarimkegirici birlosmolar; 72.20.Fr Zsif sahslords daginma vo yuriklik.

GIRIS

InSe ABPqrupuna daxil olan layl kristallar ails-
sina aiddir. InSe kristalinin asas xiisusiyyati onun elek-
trikkegiriciliyinin giiclii anizotropiyaya malik olmasidi
rki, T<100K oldugda 10%-5 barabar olur [1].

[2;3;4;5]-ci islordo gostorildiyi Kimi nadir torpaq
elementlori yarimkegiricilordo asagi miqdarda hall ol-
ma gabiliyystino malikdir. Nadir torpaq elementlori ya-
rimkegiricilords tomizloayir ki , bununla da defektlorin
konsentrasiyalar1 azalir vo naticads yiikdasiyicilarin
yiriikliyt artir. In1«ErSe (x=0,0001; 0,0003) kristal-
larinda In atomlarin nadir torpaqg elementlori ilo avaz
etdikdo p-InSe n-InSe ¢evrilir. Asagi temperaturlarda
koglirma hadisslorini dyronmok qadagan olunmus zo-
nada yerlason lokal saviyyslar haqqinda giymatli ma-
lumatlar vers bilor ki, bu temperaturlarda tolalor asas
rol oynayir.

Elektrik ol¢ilori Bricmen metodu ilo alinmig qofas
parametrlori  heksagonal singoniyaya malik olan
(a=4,04A vo c=16,96A) niimunalords 77-300K tempe-
ratur intervalinda aparilmigdir. InSe gostorilon tempe-
ratur intervalinda p-tip kegiriciliys malik olmusdur [6].
300K temperaturda p-inSe monokristali iiciin tarazlig-
da olan yiikdastyicilarin konsentrasiyasi
po=1,84-108sm73, yiirtikliyl pe=85sm?/V-s. oldu. InSe-
don fargli olarag, Ini<ErSe-do x=0,0001; 0,0003 tor-
kiblorinds qaranligdaki xiisusi miigavimatlori uygun
olarag 7-10°0m-sm., p,~2-10% Om-sm.; tarazliqda olan
ylikdasiyicilarin konsentrasiyas: no=10%** sm3, ny~10'®
sm va yiikdastyicilarin yiiriikliiyii po~500 sm?/V-san.,
1o~800 sm?/V/-san giymatlor ald1.

Nimunalarin handasi formasi sokil 1-in gargivo-
sinda verilib. Sabit elektrik sahasi nimunalorin laylart
istigamotindo ydnoalib. Kontakt materiali olaraq giimiis
pastasindan istifado olunub. Kristalin eni 300mkm,
kontakt alt1 saha iss 2-102 cm2- dir.

Naticalorin mizakirasi
Sskil 1-da p-InSe, n-|no,ggggEr0,ooolse V3

N-1No 9997Er0,0003Se monokristallarinin omik kegiriciliyi-
nin temperatur asililiglar;, sok.2-do isa p-InSe,
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n-|no,9999Ero,0001Se u n-|no,9997Er0,ooo3Se monokristallari-
nin elektrikkegiriciliyinin torkibdon asililiglar1 gostoril-
misdir.

10°%T, X!

Sokil 1. p-InSe(1), n-1no,9999Er0,0001Se(2) vo n-
INo,9997Er0,0003S€ (3) monokristallarinin elek-
trikkegiriciliyinin temperatur asililigi. Gargi-
vadas elektrik xassalorini 6lgmak tiglin niimu-
nanin hondosi formast.
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Sakil 2. p-InSe, n-1no,9999Er0,0001S€ Vo N-1no,9997Er0,00035€
monokristallarinda miixtalif temperaturlarda
elektrikkegiriciliyi T, K: 200(1), 294(2).

Sokil 1-do oyri 1-3-don goriiniir ki, yarimloga-
rifmik miqyasda lgo=f(1/T) asililiginda sabit meyl yox-
dur va temperatur azaldiqca elektrikkegiriciliyi mono-
ton olaraq azalir. Bu tocrlibi fakt gostorir ki, p-InSe, n-
|n0,9999El’o,0001SE V3 n-|n0,9997El’o,ooo3SE kristallarinda
asag1 temperaturlarda (T<200K) Fermi soviyyasi
yaxinliginda dar enerji zolaginda AE doyigan uzunluglu
sigrayislt keciricilik movcuddur. Bu tip kegiricilik tiglin
Igo=f(T-*) asililig1 To mailliliyi ilo diiz xatt vermolidir

[7]:
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1)

o~exp[-(To/T)Y]
16 (2)

TO_NpKa3'
N —Fermi soviyyosi otrafinda hal sixlig1 , k-Bolsman
sabiti, a- lokallasma radiusu.

SQk” 3-do p-InSe, n-|no,ggggEro,0001SE Vo Nn-
INo,9097Er0,0003S€ monokristallar: iigiin  Igo=Ff(T-*4) asi-
lilig1 verilmisdir. Har (i¢ monokristal Ggun tacrubi ola-
raq To—1n qiymeati tapilib va cadvalds gOstarilmisdir.

LTy _——— W ﬁ—'—-‘--—--"—3

’E 10-3 M

‘ 2

& 107

o — 2 o
10'5 1} = | ﬁ-_J“

026 028 030 032
T, R

Sakil 3. p-InSe (1), n-1no,9999Er0,0001Se (2) Vo n-
INo,9997Er0,0003S€ (3) monokristallarinda asagi
temperatur kegiriciliyi.

Codval

Asagi temperaturlu elektrik olgiilorindon sabit elektrik sahasinds p-InSe, n-1ng gg999Er0,0001S€ Vo
N-1No.9997Er0,0003S€ monokristallari tigiin lokal hallarin parametrlori

Kristal To,K NEe,eV-1.sm3 Ro, A | AEeV | Nism?
p-InSe 5,56-10* 1,72-101° 99,5 0,028 | 4,82-10V
N-1no,9099Er0,0001Se 8,35-10* 1,1-10%° 101,62 0,03 3,0-10%
Nn-Ino,ees7Erop003Se | 1,785-10° 5,3-10% 46,16 0,01 5,0-1018

Beloliklo miioyyon edilmisdir ki, T<200K tempe-
raturda p-InSe, Nn-INno,g909Ero.001Se Vo nN-
Ino,0997Er0,0003S€ Sabit elektrik salosinds vo tobii laylara
perpendikulyar istiqgamatds dayison uzunluqlu sigrayis-
I1 kegiricilik mévcuddur. Fermi saviyyasi yaxinlhiginda

I'hal sixhigr (Ng =1,1-10°-5,3-10%%eV1-sm), energetik
sopalonma ( AE=0,01-0,03 eV), sigrayislarin orta mo-
safosi (Ror=46,16-101,62 A) va tolalorinin konsentrasi-

yasi (3,0-10%-5,0-10'8sm®) hesablanmusdir.
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ELECTRICAL PROPERTIES IN MONOCRYSTALS InixErxSe (x=0,0001; 0,0003)

It has been established that at temperatures T <200 K in monocrystals of p-InSe, and n- In 0.9999Er0.0001 Se and

n —1In 0.9997 Er 0.0003 Se, a hopping conductivity with a variable jump length exists across their natural layers in a constant
electric field. The density of states near the Fermi level (NF = 1.1-1019-5.3-1020 eV-1-cm-3), their energy spread (AE=0,01-
0,03 eV), average jump distances (Rcr=46.16-101.62 A) and trap concentrations (3.0-1017-5.0-1018cm-3) have been
estimated.

I''. Ucakos, A.A. Ucmannos, B.A. EmunoBa, C.C. Aoaunoexon, A.A. UcmanjioB
SJIEKTPUYECKHE CBOMCTBA Ini<ErSe (x=0,0001; 0,0003)

YcranoBneHo, uto npu Temmeparypax T<200K B monokpuctamiax p-InSe, u n-1no9999Ero,0001S€ 1 N-1no,9997Er0,0003S€ m0-
IePEeK UX eCTECTBEHHBIX CJIOEB B IIOCTOSHHOM JIEKTPHYECKOM IOJIE CYIIECTBYET MPBDKKOBAsi IPOBOAUMOCTD € MEPEMEHHOM
JJIMHON NpbbKKa. OLEHEHBI INIOTHOCTL COCTOSAHMI BOMM3K yposHsa ®epmu (NF =1,1-101%-5,3-10%° 5B1-cm®), ux smepreru-
yeckux pasbpoc (AE=0,01-0,03 5B), cpemnne paccrosuus npbbkkoB (Rep=46,16-101,62 A) n xonnenTpamuu noBymex
(3,0-10%7-5,0-10%8cm3).
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