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GO OVAKLI KREMNI YNI NG FOTOOOTKAZUVCHANLI
FOTOOO6 T K AIYCHANLIK SPEKTRI ORQALI ELEKTROFIZIK
XUSUSIYATLARINI TADQIQ QILISH

A.T. Mamadalimov??, D.E. Xazratow
'106zMU huzuridagi yari moodt kaz g Haddidotanstitufi i z i
2Mirzo Ulug bek nomidagi O zbekiston Milliy universiteti

Hozirgi vaqtda zamonaviy qurilmalar tayyorlashda asosiy material vazifasini kremniy asosli
strukturalar k@ gadlanilmoqgda. Shunga asosan kremniyning optik, elektrofizik, termik hamda
fotovoltaik xususiyatlarini &gartirishmagsadida juda Kplab kirishméar kiritiladi. Bu holatda
kremniy asosli nadmunal arga boshqga el ement
mexanik, termik va kimyoviy ishlovlar berish zarurdoa d i [1, 2]. Ushbu i
sifatida 2KDB' markali ntipli kremniyniden  bi r nechta nadmunal ar dat
nadmunal ar ni Méanii &nasikron) anarlea kukumdaysiglifowka ( jilvirlash) gilinadi.

Bu orqali ndmuna sirti silliglanib, k@pgina sirtiy nugsonlari bartaraf gilindi. Bu bizga kontakt
olishda yoki nadé mun a mganisikda satofiklapiabartafr gilishi magsadida
bajari |l di . Naodmunal ar dygalistilangarksuvides180 haroratda 80 i |
minut davomida tozalandi.@&o v a k | i kremniy ol i sh tayytangan Kk r
nadmuna HF kislotasining 10% |i suvdagi eri

1- rasmda anodikoé y i s h gooorvqaakl | ii kremniy oladadsgh bsxear

sifatida kremniy monokristali katod sifatida platinadan foydadatil

Pt Si
katod anod
HF
1-rasm.Anodik 06 y i s h gboawaak i i Kkremnif3ly ol i

Omik kontakt olish uchun-&i ekanligini hisobga olgan holda 50% In (indiy) va 50% Sn
(gqalay) moddalaridan foydalanildi.

2rasmda goovakli kremniyningatotobanigamnmuck
el ektr oo6tkazuvchanligi yorugoli k taodsiride
Ushbu j arayon fizikaviy vV a Ki myoviy omi |
harakatlanishini, ularning rekombinatsiyaa gt i n i va o0tkazuvchanli
tushuni sh uchun muhi m hi sobl anadi . Fot oo«
el ektronlar va teshikchalar harakatini tush
vagqtda goéovakki bkdamhkiaym sonli erkin elektroc
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o0t kazuvchanli k juda kam bodél adi. Yorugol ik
el ektronl arni

go6zgodat awshik juftuini hesd giadioEtektronfaa v b ¢
006z

energiyasini ol ganidan keyin harakatl a
Yorugo6li k doi miy r avtiesshhdiak tjaudbfstilrarqgii |dsoai, mieyl
rekombinatsiyalanadi.

A
/
.“f‘
llr -
|9
3 1
N
\‘b
\\0
T~ -
;g‘ S eV

T T T
1000 1500 2009

2rasm. Goéowmamakhingremtoodtkazuvchanlii
Agar hosi |l bod6lish va rekombinatsiya tez
gol adi va tok kuchining todyinishi kuzatil a

rekombiratsiyalanadi. Bu jarayon bir oz vaqt oladi, shuning uchun tok kuchi darhol nolgacha
tushib ketmaydi, balki astsekin kamayadi. Grafikda egri chizig bilan tushish kuzatiladi. Bu
kamayish tezligi mat eri al ning r e Kshbubnatijalart s i
orqgal.i bi z material ning yorugoli kka sezgi
o6zgarishini tahlil qgilishimiz mumkin [4].

10

I

| nisbiy birlik
@
"
"
l/

3-rasm. G
3rasmda&G6éovakl i
yorugal ik

10

6ovakli Kr @émkiagmivedgp amhdt &o ¢
k r & mrk iahamiksmetri Kelorilgarimo &1 i b us hbu
ener giyasi (hv) ortishi bil an ni



I z®&34¢. CtRIGUSOILRY[OL ARIRSOER 10
JovrtrROJZUN [Tl RIR Juof L] OLR

bogal!l i kni kuzatik.han3 ze V\nuonika Ini. g di. &8 yorugdl i
eV da maksimal giymatga erishgan 1.23dan keyin pasayish kuzatiladi.

Goovakli kremniy andédanaviy kremniydan f .
optoel ektroni ka va nanoel ekt r dadgidotanatijglarirshuhi ma |
koorsatadi ki, b u ensartare LED deknolqpigatati va lywyosio batateyalari s

uchun istigbolli hisoblanadi
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M jSbtesMSsfdvimd o0 tjddscjdz %OLOead2 IO” dzd
MY jSlstesmS s W M HAOGEY 3 ® kAsdEzOGLdc O d&isfif HOF @O H
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gh dzse B Jj®BJddzHd jlc] tcdzOh Y OtcOY dzgdH Odz MAdzec ¢ d dgy
YOl dzOd3d dzd 2Aytslsdh kykdz BE ttd g0y d fglsf @aRdlz
AL GOtedh dzOtcdzd 9O BBOIsj tod Odzded de¢ dez Yy Mtsdedzd IskzL d d

1 O3z dzO zO"edtaf{dz  IsYOd dzd h Eyzdze dCCdlO Ofmtsd?
My j SltetsMC s W filc2. 0 Octetfipp@ drdia®deH © 05 3 2 dzd3 -Be@ditiyitys dzd
Spectrometer Yt cHOBJHO AlsC OL ddzH (. s toj d3dzd 2 dzc
Bdteddeyd IsOtclsds dzd ¢ tgdzedglaigGsu@f, ts df ~iptf)j S AsticdEO’ tH @ to ts
CkL Osd dzOHd [BdOEYEC. tcdriply@dddz nd ydHO wffilsds W sdatsd
"sMddz B AGOEdzco @ [n 90 uv [ fldS Wdsd ®@sHORZOt
HAdW W 2§Odizy OO ff OO IstcdzP tc ¢f @zdez UM ey Odllzd € d
Is s BHf@zzy Otc© § Ot O] stedzOteddzd dze My ddzdh d + MO € C
vO)tdB O dzOIsdy) OdzOted Ofnts i dH®MA isdz d3dz® 2W@Rdzdzcy A @ st
nOOCIsjtodzd Mddzy dh dzOted § A tofyOlsldedZehiigz B Aag 1 9 & d
Ld) dzd lONCddz {IOHd [9, 10,-SidQdBk dafijdstdqLd
ZOL s5tcOls dzO-Gr ZPBDEOOOENO f Offistesy. 1 kzdH Odz lsOh
ZO Bz dz0dzd dz¢ Ctsd3B d ZOYydsdzl offf | L B & RO 27 , 4 6 dzc
YAY Y ddzOtedzd dzc ¥ vy sted ddzlsj dzfid o dzd ¢ d n Q@zif ly dzts slzdz® i bz
s Yytsted Ctdzyj destcOydvwmMde O {0 BARZEOdz OdisteW G toj

{ dzd dzen@RDYy> dzO BBz 2O dzOted dzd dz6 S sdE3B d dZOyYydesdz Mt
My d ClstcdzO] )y d ldz@ UzeSDigafi s d HIO  H d M deWis kzf LaE@SgEEy O i d H
523, 9% Ofgdf ysrvyvyddeddee ddelsj dzihde dzded ( FWHM) Y
sh ¢cOded, "Te2@ ,1196 Hnligk M @EEBY Y d &zOtc d dzad dze  d dzls j dzipd
COBRO2c0ded Odde yWdOWdAD ISz o dz®t8 "N Zdzad € AtciPBOBE NG ¢ hd
Si 203z 20 dzOte  H @ ts drzfzj YdBisHa® § @WOP dzdf tc d b tstcy Odzd
Ctod MisOdzdzOdzd h dzd S EZYyO2IsdtcOH d H O HAAEBH2GOHdE  IsBOV dp Oy |
Dy{3¢ B S WOEFPBIHWPGe iddzdOEHO dzqf iz 6 d Oded Y dzOdzH
FWHMd dzls j dzffd o dzd e d 9 O C j dzac dzff’e d1 T, & sdaff® HsGRih X Dop
1 IsOHd. zEdHO2 yYddzde, SCtddBddOydsd mMsyddd" n
Hd MY osL ¢-Siclefdzch S dzd H O) s BYERBPBR1IM OB s " OtetstcOlsH
Bzo OW W OM d W ¥ tzd diovCirfighdddy dzO" Bz dB3C ddz. 15 &S d3 Y Odzd ¢
IsOh dzOdzc Ozt Odz T A fdas | OEER A Y 4 d fpdls  d dzls § dzfyd o dzd ¢ d
HOtOY OH O f OMO2 ¢ Odzd nN-NH B1OO Is dzdzn & © ¢f Qs dzelzO MiIstc iz €
ddzls j dzgfd e dzd e d € OB I @ ddddrds) dz® dzts tzneSEDys " ez d3lz dz0 iy d
sO" dzddz Yddzdh HO Cdd3y oad2 90O d3j Dyfcey Ols dag@ diafs o € 8 jj
MdelsdHOdz 2 AY Sdz6 Odzdzd ¢ d Odzd Yy dzOdzH (.

[ OMils dzORIC do @ 8 €26 Prz dedgizddeEdzO gy d Y 2 kL d &
Yykybkte AtceOdzgdh &BOYMOHJdHO toj dpls@fy lsiaSNaED dfrddzO fyls] @Zd
tojdalsc jdz M jCSIsted tsdzddzid 90 sO" dzddz Y d dzd dzH d .

1 Oz dzO0dzd dzc MistczC IsztcO@oa d2 OCMdzOdedh dzOted tstc(
dzds B d dzOdz Clizte OUslsfltite @ daydn. O d + dze 8 Yy sted d dzls j dzf
sO" dzd dzd Oy OMdHO OdadyY dzOdzc Odzd H j €, (111)
vO)ytedB O dzOIsdy OdzOted BORfdzCDzd® w0 dizctaB dz dzfy) B o dzd
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In recent years, structured silicon has attracted deradle interest, as silicon itself is a
promising material not only for the field of electronics, but also for optoelectronics and solar cells

[1-9]. Atoms of IIFV elements (boron, arsenic, phosphorus, and others) are widely used to dope
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silicon with fag-diffusing impurities, whereas gold is a typical staffusing (deepimpurity)
material. When a gold atom with amphoteric properties diffuses into silicon byadicknd
FrankTranbull mechanisms, the ionized gold atom recombines withtgpen(or ptype) silicon
electron (or hole). The diffusion atoms of gold compensate for the donors (or acceptors), whick
leads to an increase in the resistivity of silicon. Maximum resistance can be achieved when the
concentration of gold atoms compensates for theesdration of donors (or acceptors) [1].

Gold-silicon forms an intermetallic compound that involves the presence of an electrovalent
bond that is less stable than the covalent silgiboon bond. The diffusion of gold from the front
of the silicon devicdorms a gold silicate compound and introduces a positive charge to the
interface [2]. A thredayer model of the real surface seems to explain the effects of gold centers
at the silicon/silicon dioxide interface-J.

The purpose of this work is to stuthe defective structure of gettbped silicon, as well as
the synthesis of composites on the surface-@issilicon by thermal roasting at 1373 K. Scanning
electron microscopy (SEM imaging) and Raman spectroscopy (Raman spectrum) are used to stut
the stuctural and optical characteristics of the samples.

Samples of silicon#®iandpSi wi t h an i nitigatmreeristaalk
the study.

Figure 1 shows a SEM image of galdped silicon. The ball arrangement of gold atoms on
the surfacef singlecrystal silicon of type p doped with gold has been experimentally established.
The results of the research show that the structure of naintbnanocomposites formed in silicon
mainly depends on the diffusion time and cooling rate of samplesdiffusion annealing. The
results of the study showed that thin films of gold with a high silicon content were successfully
produced by thermal calcination, and th&irAu and pSi-Au composites were obtained by
thermal roasting at 1373 K. Scanningo#ten microscopy data and Raman spectra confirmed the
formation of both amorphous and nanocrystalline structures in the films annealed at 1373 K.
Photoluminescence was observed and interpreted as interzone recombination in nanoparticles wi
dimensions grater than 2.5 nm, as well as recombination of carriers through defective states in
smaller nanoparticles.

The Raman spectrum of the samfieay. 2) shows bands with maxima in the ranges of 144,
304, 402, 464, 522, 948 and 973 cm T. The o
of the longrange order (translational symmetry) of the crystal lattice, which eliminates the
limitations associated with the law of conservation of quasimomentum (g = 0). This leads to the
fact that phonons with any wave vectors g become resolved in the spectrum, which ultimately
reflects the density of the vibrational states of the crystal lattice ohaberial under study [3].

N——

p-Si<Au> SEM spectrunp-Si<Au>
Figure 1. Surface Properties of GoldDoped Monocrystalline Silicon Subjected to
Heat Treatment

Raman spectra for samples of gdioped silicon fSi<Au> and pSi<Au>, as well as
composites dered from them rSi-Au and pSi-Au, are shown in Figure 2Vhen analyzing
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Raman spectra, it is extremely important to accurately identify the bands corresponding to
nanocrystals, especially for films grown ofShand pSi substrates. In nanocrystallindicein

films, the intensity of scattered light is quite high, but scattering from the substrate is significantly
attenuated by absorption in the film itself. This means that the shape and position of the band
emanating from the nanocrystals should notiseoded when scattered on the substrate. However,

in n-Si-Au and pSi-Au composites, the duty cycle is relatively low and can be around 10%. The

intensity of the scattered light from the silicon nanocrystals is negligible, while the Raman

scattering linecaused by the -Bi substrate remains strong. The results show that there is a

pronounced band in al/l spectra wi theightofd3a x i |
cm 1

/ p-Si<Au>
/ r\/ / -

3 40000 p-Si<Au>

= 30000 -

] ]

c
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Raman shift (cm™)
Figure 2. Raman spectrum of two types of goldoped nSi<Au> and p-Si<Au>,

and n-Si-Au and p-Si-Au composites

It should be borne in mind that the scattering on silicon nanocrystals is weak enough to
significantly affect the shape and position of the substrate strip. Since the exact intensity of
scattered light from4%i and pSi substrates cannot be determined, we conclude that it is difficult
to correctly determine the size of silicon nanocrystallites from Raman spectradutpwycle i
Si-Au and pSi-Au composites.

Thus, the results of the scanning electron microscopMiSEidy made it possible to obtain
detailed information about the structure, chemical composition and arrangement of atoms in the
n-Si<Au> and pSi<Au> samples. The ball distribution of gold atoms on the surface of single
crystal silicon was experimentgliconfirmed, which indicates the diffusion of gold and the
formation of gold silicate, which introduces a positive charge at the interface of phases.

Analysis of the Raman spectra revealed characteristic peaks in the ranges of 144, 304, 40:.
464,522,994 nd 973 cm T associ at e dangeiorddr ofthé@ystal i o
lattice and the interaction of gold with silicon. The intensity and position of the peaks allowed
conclusions to be drawn about structural changes, such as a decreasdallinityyand the
formation of amorphous and nanocrystalline structures in the samples after heat treatment at
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temperature of 1373 K. Particular changes were noted in the rangei@@ 830 cm T , w
associated with the stretching of&ibonds andhie effect of hydrogen. Additional peaks in the
n-Si<Au> spectra indicate the interaction of gold with silicon and the formation of néw Si
bonds, which indicates the effect of gold on the structure of the material.
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LYUTETSIY BIL AN LEGIRLANGAN KREMNIYNING STRUKTURAVIY
XUSUSIYATLARI

X.S. DalieVt, J.J. HamdamoV, Z. E. Bahronqulovt
06 zMU huzuridagi Yarimodtkazgichlar
ilmiy-tadqgiqot instituti
zbakhronkulov@inbox.ru

Zamonaviy jahon ilmiytexnik taraqggiyoti elektronikaning rivojlanishi bilan bevosita

bogodl iq boodl i b, uni ng yutugl ar i agatice gsm f u
fizikasining va yarim oo6tkazgichlar fizika
sohal ardagi il gbébor natijalar past o060l chaml:i
aloga vositalari, y @amugkunalarieughorothnmmila yaadi fanksionah
i mkoniyatl arga ega bodélgan nanotu struktura
Strukturaviy kremniy hozirgi kunda kat:t
elektronika, balki optoelektronika vauyosh batareyalari uchun ham istigbolli material
hi sobl anadi. Shu sababli, o006l chami ki chik ¢

yarim oo0tkazgdfchili &aninyg epeéekkrofotoel ektri|
0 0 r g hugung kunda dolzarb masalalardan biri hisoblanadi.
Ushbu ishda biz monokristall kremniyda lyutetsiy (Lu) atomlari bilan legirlangan holda bir
va i kki fononli kombinatsion yorug6l ik soch
Tadgi got uchun Qad8hdabhodbDf§a®mhesmhl angdi c
n-Si va pSi namunalar tanlandi. Lu bilan legirlash jarayoni termodiffuziya usuli yordamida

bosgichmeéb osqi ch amal ga oshiril di. Legirlashdan
jarayonildiam, ol kerziit masi yordamida oksid qgqa

Namunal ar diffuziya pechida 1250AC haror
tez va sekin sovutildi. Lu atomlarini mgg kr e

bir xil legirlanishi va maksimal konsentratsiyaga erishish muhim ahamiyat kasb etadi.
Strukturaviyfazaviy holat Empyrean Malvern rentgen difraktometri yordamida nazorat qilindi.
Pik maksimumlarini aniglash uchun OriginPro2019 dasturi ishlatildi. deentdifraksion

o6l choviBrxrenBmagg geometriyasi da, 2dB = 10A
0, 33A/ min skanerlash tezligida va 0, 0200A b

1-rasmda kontrol +8i namunasi uchun rentgenogramma tasvirlangan. Difraksiomdasvi

turli intensivlikka ega bir nechta selektiv reflekslar mavjudligi kuzatiimogda. Tahlil natijasida
substrat sirtining (111) kristallografik tekislikkamos kelishi aniglandi. Bunga (111)Si selektiv
refl eksi mavjudl i gi dalokat 1eA) adi (1d1pSi=

refl ekksompogemdti 2d = 24, 92A da,u chinchi t

Asosiy refleksning yugori intensivligi (29423 impuls/sek) va uning torligi (FWHM =
5110 j rad) s uabjadsimakammaligni tdsdigiagdt a | | p

Shu bilan birga, refleksning U va U nu
= 10830A) di apazonida inelastik fon daraja
mi krozoodriqgi shdrasatmadij . udEIl @s$ nhi Kk kpodr i gi sh e
to6plangan boo6lib, bu kremniy (r = 0.42 i)
termik zodriqgishlar bilan bogodliqg.
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Kislorod ionl ari k r e mni wiuchannulbrameigigagihatidanr a ¢
donal araro va bloklar (subkristallitl-4m®) or
89] . Bu joyl arda matritsa ionl ar i orasi da

panjaraning ideal holatidan chetgdjishiga olib keladi. Natijada past simmetriyali tuzilma
shakllanadi. Buni tasdiglovchi rezenogrammadagi reflekslar: (100) refleksi, d/n = 0,4349 nm

(2d = 20, 4A) (101) refleksi, d/n = 0Si341:
namunal ari dagi Si O biri kmasining kristall]
mavjudligimat ri t sada el astik zoo6riqish va kislor
Bundan tashqgari, rentgenogrammada 2d a 16,
ettirish kuzatiladi. Bu & struktyra fnagnaegtlarnavjudi@igio | a r
kodérsatadi . Ushbu refleksning haddan tashec
ekanl igini va uzoq tartibga ega bodl magani i

SiOx nanokristallari emas, balki klasterlar ekanligi daungli.

InI, puls-s™ (111)g; Inl, puls-s™
104 @ Control n-Si, 1250°C/50 h 1ot b) n-Si<Lu> (T = 1250°C/30 h)
, o
_ (110), 50 g (111
10° e} -2
70}

- (001),,

10% 10%-

10 15 20 25 30 35 10 15 20 25 30 35

1-rasm. n-Si rentgenogrammalari: nazorat namunasi (a) va Lu atomlari bilan
legirlangan namunasi (b)

Rasm 1b da lyutetsiy (Lu) atomlari bilan legirlangan kremniyning rentgenogrammasi
keltirilgan. U nazorat namunastS$i ning rentgenogrammasidaezilarli darajada farq qiladi.
Kodérinib turibdiki, asosiy kristall ografik
intensivligi deyarli 20 baravar kamaygan, s
ga si |l ji gan. ganhideakdkremnd atontlaaga kyutetsily @aamlari kiritlganda, kristall
panjarasida mikro od6zgari shl ar-Siyamurag éaristdtl e | a
panjarasi doimiyligining kamayishiga olib keladi. Bundan tashqari, Lu atomlarining kremniy
atoml ar i bil an ob6zaro tadsiri nat iSj aasnundsa S
rentgenogrammasida (001) va (100) kristallo
kuzatiladi. Shu bilan birga, Lu atomlariningS1 namunalariga uzp muddatli kiritilishi va
namunalarni tez sovutish natijasida, atomlarning yagin tartiblanishi yuzaga kelishi tufayli,
ularning yuzasida o0zgarishlar sodir bool a
burchaklari sohasida SiLuxOy ga tegishlifd# aks ettirish kuzatildi. Ushbu diffuz aks ettirish

foni da Kremniy, |l yutetsiy va kislorod ato
kristallitlarga tegishli struktura aks ettirishlari kuzatildi 68iOs), ular (001), (110) va (200)
kristalloga f 1 k yodbénalishl ari ga tegishli. Us hbu
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natijalariga asoslanib, L8iOs kristallitltari P21/c faza guruhiga tegishli ekani va monoklin
elementar katakka ega ekani aniglandi: a=b=0.6614 nm va ¢=0.9123 nm.

Xulosa Shuday qilib, lyutetsiy (Lu) atomlarining kremniy panjarasiga Kiritilishi kristall
tuzilishida mikro oo6zgarishlarga sabab boc¢
kremniy atomlari Dbilan biri ki b, sHtsidlasdanabbrati k
polikristallik sohalarni shakllantiradi. Ushbu polikristallik sohalar P6/mmm faza guruhiga tegishli

bool i b, ul arning geksagonal el ement ar kat a
a=b=0.4085 nm va ¢=0.3803 nm. Shunifgde subkri stallitlar <cheg
mayda LuOs kri stal litl ari shakl |l ani shi aniqgl and

uchburchak elementar katakka ega: a=b=0.3573 nm va ¢c=0.5843 nm. Uzoqg muddatli Lu atomlarin
n-Si namunalariga kitish va ularni tez sovutish natijasida ularning yuzasida,&).ga tegishli

bodél gan fragmentl ar shakl |l anadi. Shuni ngdek
taodosiri Jbi@dkirjiasstiada iltd ar i hosi | bgordhiga tegishli  a n
bodéli b, monoklin elementar katakka ega: a=b
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DETERMINATION OF THE SURFACE STATE DENSITY AT THE
SEMICONDUCTORTDIELECTRIC INTERFACE

O. O.Mamatkarimov, M. O.Turgunov
Namangan Institute of Engineering and Technology
bmphddsc1991@gmail.com

The presence of mixed or ionic centers in the semiconductor base of an MOSQ@kd&al
Semiconductor) structure significantly affects the distribution spectrum of the surface state density
in relation to the semicondwstbandgap width. That is, the existence of charged centers in the
dielectric layer near the surface at the semiconductor interface alters the capauili@yze(C
V) characteristics of the MOS structure, thereby influencing the distribution of theesttte
density. To calculate the distribution of the surface state density across the forbidden zone of th
semiconductor, the higliequency GV characteristics of the MOS structure in the dark are
typically used. This method is based on comparing te®retical and experimental-\C
characteristics, then differentiating the obtained differences with respect to the applied voltage
magnitude. Analysis of the applied method shows that determining the surface state density in th
inversion region of the &/ characteristic, as well as in the region enriched with charge carriers,

leads to significant deviations (Figure 3.1).
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Figure 1. Normalized capacitance of the dielectric layer in MOS structures:
Theoretical and experimental capacitancersoltage (GV) characteristics

These deviations arise from the necessity of differentiating closely spaced values. To
determine the applicability limits of the mentioned method, arsAl @i Si structure, obtained
by thermally oxidizing silicod a widely used process in onoelectronicd was utilized [65; 137
140] . Five sample structures with an oxyge
measured five times under the same conditions. The obtained darkdtgbhncy capacitanee
voltage (GV) characteristics werthen processed uniformly.

Figure 2 presents the differential distribution of surface state density across the forbidden
bandgap of the semiconductor, calculated based on the average values of all measuremer
conducted on the studied system. The resntiEate that the least variation occurs within the Ec
-0.2 eV to Ec 0.7 eV energy range, where all experimental outcomes are consistent. At the same
time, significant variations in the average surface state density are observed at the energy bar
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edgeqFigure 2, 1,2). In some cases, these variations exceed the acceptable error margin for th
differential distribution of surface state density across the semiconductor bandgap.

The primary cause of these variations is believed to be the following: Wheppiied
depletion voltage decreases, electrons initially trapped in surface states transition into the
conduction band due to thermal generation. Given the high electron concentration near the
interface, they are highly likely to be recaptured. Once tiage reaches a level that induces
surface conductivity, the process of recharging surface states is influenced by the capture c
electrons by the inversion layer charge.

Based on the above, the following conclusion can be drawn:
The use of the higfrequency capacitaneeoltage (GV) characteristics method to determine the

differential distribution of surface state density across the semiconductor bandgap is limited to ar
energy range of Ec0.2 eV to Ec 0.7 eV.

]
—]

N
dNss/dE {sm-2 eV-1]

1x10'2 u ma
L

Figure 2. Block diagram of the measuement device

Based on the analysis of the spectrum of deep energy levels localized in the volume of the
semiconductor substrate, performed using the applied method, it was determined that under tr
given order of UV radiation exposure, the concentratibgeneration centers localized in the
volume of the semiconductor substrate and the carrier lifetime change only slightly.
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THE EFFEK OFF TECHNOLOGICAL IMPURITIES ON THE FORMATION OF
RADIATION DEFECTS IN Hf -DOPED SLICON ( SikHf>) UNDER GAMMA
IRRADIATION

Sh.Kh. Daliev, J.A. Ergashev, A.T. Djubatov
Institute of Semiconductor Physics and Microelectronics at M. Ulugbek National
University of Uzbekistan)zbekistan, 100057, Tashkent, Yangi Almazar Street, 20
shakhrukhd @mail.ru

In recent years, much attention has been paid to the study of the properties of impurities tha
create various defective centers in semiconductors due to the significant role of refractory
impurities inthe formation of the properties 8f, the basic material of semiconductor miciad
optoelectronics. There are still unresolved issues related to the interaction of various impurities
with uncontrolled impurities and structural defects in silicon anid itng@act on the parameters of
semiconductor devices.

In this work, the effect of oxygen content on the efficiency of radiation defect formation in
Si <Hf> irradiatedwithor quant a of 60 C by capacitive sp
doped hafniumyas used as the studied samples when growing silicon from the melt. The content
of internode optically active oxygeroRtw a s *al 1901 am§.

Analysis of theDLTS spectra shows that hafnium atoms introduced into silicon in growth
are electrically netral.

Fig. 1 and Fig.2 show typic&ILTS spectra of i5i and RSi<Hf samples> with different
concentrations of optically active interstitial oxygen irradiated witjugnta of 60C.

As can be seen from tH&LTS spectra, as a result of gamma irradiatiboantrol samples
n-Si with the content of internode optically active oxydés?®'= 9 17 &n@® a new deep level

is introduced with ionization energy-EeV (peakA) and electron capture cressctionS:= 1 11 0
14 en? (Fig. 1, curve 1). It was establishétht the values of the parameters of this deep level
coincide with the data of the work [1, 2] and relate to a known radiation detleetvacancy
oxygen complex (Acenters).

Silicon with an interstitial optically active oxygen conteNo® ofthneo r d e r  *&cfr 7 T 1
3 was also studied. It was found that in such control samples of silicon (Fig. 1, curve 2),
o i rradi at i 0centermandrEcettarsvatisioniation enerd@y-0.43eV and electron
capture crossection = 1 . 8dm?f.0
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Fig.1. Typical DLTS spectra of control Si samples with different
oxygencontent after gamma irradiation (curve 1:No°®'= 9 ¥ dm®, curve 2: NPt

= 7 ¥Fam).
Figure 2 shows the typic&@LTS spectra ofn-Si<Hf> samples witiNo°" of the order of
81 ¥omdafteroi i rradi ation. |t has b eagiationensamplésiofi s h
n-Si,
Lo AC, relative unit
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Fig.2. Typical DLTS spectra ofn-Si control samples (curve 1) and-Si doped with

ytterbium (curve 2) after gamma irradiation: (wholesaleNo= 8 Y6 dm®).

Doped with hafnium impurities, vancyoxygen complexes (&enters) with a deep level
of Ec-0.17 eV and vacaneghosphorus (Eenters) with an &£0.43 eV level are also formed. From

the analysis of the measured DLTS spectra, it follows that the presedtatoims in Si leads to

a slowdavn in radiation flaw formation: the concentration of thednter in the samplesS$i<Hf>

is 2 times less, and the concentration of theeRter is 5 times less than in th&incontrol samples.
Thus, the efficiency of the formation of radiation defectshsas vacancpxygen (A

centers) and vacanghosphorus (Eenters) complexes significantly depends on the content of

optically active interstitial oxygen and a ragarth impurity hafnium. With a high oxygen content

of No®' o f

a b oladm?, thé firrbation of Acenters dominates, with a contentNaf°Pt of
a b o u tcit{ thedformation of Ecenters dominates.
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POLIKRISTALL KREMNIYNI ELEKTROFIZIK PARAMETRLARIGA NIKEL
KI Rl SHMA ATOMLARNI TAG6SI RI NI DLTS METODI

Q.A. Ismaylovi. N.F. Zikrillaev?2. SH.Z. OllamberganoV, T.B.Ismailov?, Z.T. Kenjaev?
'Berdoq nomidgi Qoragalpoq davlat universiteti
2lslom Karimov nomidagi Toshkent davlat texnika universiteti
osherzod12121212@gmail.com

Kremniy asosidagi materiallar bugungi kunda mikroelektronika va fotovoltataarining
asosiy tarkibiy gismlaridan biri hisoblanadi. Ushbu materiallar orasida monokristall kremniy
(monoSi) va polikristall kremniy (pohSi ) keng oo6rganil i b, amal i
Si yuqori sifatli va nuqgsonsiz struktura bilan ajralibrseda, polyS i o060zining
samaradorligi va ishlab chiqarish jarayonidagi qulayliklari bilan alohida e'tiborga loyigdir[1].
Polikristall kremniy ishlab chigarishda kam energiya talab qilishi va nisbatan arzon
texnologiyalardan foydalanish imkoniberishi tufayli ancha arzon materialdir. Bundan tashqari,
poly-S i kattaroq o6l chamda ishlab chigarilish
ol i sh i mkonini beradi, bu esa uni gquyosh en

Polikristall kremniyning yana bir muhim ustunligi uning mexanik mustahkamligi va
issiglikka chidamliligidir. Bu xususiyat materialni yuqori haroratli texnologik jarayonlar uchun
mos qiladi. Donalararo chegaralarning mavjudligi esa materialning elektr xusaranyat
o6zgartirish va boshgarish i mkonini beri b,
yoonalishlarini oXihatda{ Bilbi dAay nniglsal, Ipabiy o
orgali elektrfizik parametrlarni yaxshilash masalasigahalod a edtibor gar a
atomlarining donal araro chegaralarda toopl a

o0t kazuvchanligi, garshiligi hamda rel aksa
sababli, polikristall kremigga nikel kirishma atomlarni diffuziya gilishda zamonaviy texnologik
yondashuvl ar orasida katta ilmiy va amaliy

Pol i kristald@l kremniy namunaga ni kel Kiri
sharoitida 30 minut vagt davomida amalaga oshirildi.

Ni kel kirishma atomlari pol ykristald/ kr el
uchun DLTS (Deep LevkeTransient Spectroscopymet odi d a o6l chovl ar
Buning uchun ni kel kirishma atomlar.i bodl ge
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DLTS metodlarini amalga oshirish uchun polykristall kremniy namunalari yuzasi sayqallash va
jil ol ash bosqgichl ar tydaarni noodottakdai z. g i Ycuhz akdoan tnaektta |

Au yotgizildivametali' y ar i moét kazgi ch kontankti xosil (
DLTS (Deep Level Transient Spectroscopy)
nugsoh ar ni tahlil qilish uchun ishlatiladi. B
level (chuqur daraja) nugsonlarning xususiyatlarini aniglash, ularning energiya darajalarini va
zaryad tashuvchilarining t agqs.i mDAMiSs ho &l c h
yari moo6t k az g ixeshslyalarinzaryad tashuvahilari va nugsonlarning tagsimlanish
mexanizmlari ni ani gl ashda muhi m ahamiyatg

nugsonlarning konsentratsiyasini aniglashga imkon beradnuggonlar donalararo chegaralar,
yari moot k enotshidalyokiimetgly aor i mo o6t kazgi ch interfey
mumkin. DLTS usuli yordamida zaryad tashuvchilarining rekombinatsiya va generatsiya
mexanizmlari ni o6rgani sh mumkin

— st
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O 0,001
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3r asm. Pol ykristal!]l kr emni y nnikelkirisdnhat
atomlari bodl méamgkelkirishne stanmnaa bilanSigerlangan namuna

S1 grafigida @C/ C giymatining katta tebr
harorat diapazonida (~100 K atrofida). Bu Kk
bodl i shi mumki k. x&Esegkityatl ayl desexitll arnii nda
pC/ C gqgiymatl ari haror at oshi shi bil an katt
ni sbatan barqgqaror emasligini koorsatadi. Gr
va tuzilma buzilishlarinindk u ¢ h | i tadsirini i fodal aydi . Bu
bildiradi.

S2 (ni kel l i) uchun asosiy farqlar va o
tebranishlari kichikrog va yumshoqroq. Bu nikel Kiritilishi orgali defektlarning gisman
passivliani shini kodérsatadi . @C/ C qgiymatl ari
materialningelektf i zi k parametr |l arining haroratga ni
S2 grafigida ®@C/ C ning t ebr lonniskdh.lBa rnikelnikgi ¢ h
kremniyda defektlarni passivlashtirishi va elekaik parametrlarning bargarorligini oshirganini
ko'rsatadi.

26



Il Z&31¢. CtRIGEULSOILRY[OL ARITRSOHR 10
[ovrtrROJZUVY [ RIR UGS L] OR
Xulosa:
1.Ni kel donal ar chegaralarida tooé6planib,
bodl i shi mu onkumiy ravistla matesiadning dielektrik va elektr bargarorligini
oshirgan.

2.qgC/ C gi ymatining 0 ga yaqin bodl i shi
yaxshilanganligini anglatadi. Bu, aynigsa, chuqur darajalarning kamayishi va rekombinatsion
markazlarmmg yoo6q gqgilinganligini tasdiqlaydi

3. Defektlarning passivlanishi natijasida zaryad tashuvchilar harakatlanuvchanligi ortadi, bu
esa materialning umumiy sifatini oshiradi.

4. Peaklarning kamayishi materialning sifatini yaxshilanganidan dalolat beradi. Bu ngkelni

zarar | i defektl arni samar al i passivatsiya
chekl aganini kodérsatadi
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2D OOLCHAMDAGI GRAFI N KVANT SI GOl MI NI N
TA6SI RI DA O06ZGARI SHI

M.G. Dadamirzayev,M.O. Kosimova, B. A. Xusanboyev
Namangan muhandishurilish institute

Sodngi y i | | a gl agler@dDatorolaritlan huailgad grafin, nanoelektronika
sohasida katta qgi zNapo cldhamli gugldatatnii Idyihalaghdanmuulgnd a
mi gdor kvant sigéimidir [2]. Gr dchva elektroraningd g a t
sarvadi . N dg e o ) . _

yadgvak vant si g G, 10 doydalanibj2dda o 61 chaml i gr af.
ch
2
= pz(thT)z In[2(L+ cosh%)] 1)

ifoda kelib chigadi (rasm) [1].
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2D o0l chaml i grafin kvant Si goi mi (1)
foydalanib, @ Yu Ch mw & dTp, i, >T bodganda2 D o061 c hakmidntgrsifg
formulasini keltirib chigarish mumkin.
_20°K(T - T;)
T pIe)’
Bu yerda q i elektronningzaryadj k T Bolsmandoimiysi, T i panjaraharoratj Ten T
electronva kovaklar harorai bodib, ular O6¥uCh maydontaésirida panjaraharoratidanyugori

In[2(1+ cosh—ql:fh)] (2)

bodadi. Zz%g a tend=w630"18, . =1osg-grafenda zaryad tashuvchilarning

Fermi tezligi [1], UnT elektrostatik potensial.
2D o 6| grdfem NDlirak nuqgtask grafenning elektron tuzilmasidagi fundamental

Xususi yat bodl i b, u el ektronlarning ener
konuslarining (Grafen atomlari karbonning geksagonal kristall panjarasini hosil giladi.
Elektronlasm ng ener gi ya va impulsga bogo6liq grafi

pastki energetik konus shakl i d-birightegadi.8udnugta Bu
Dirak nuqgtasi deb ataladi.) uchrashgan nuqgtasidir. Bu nuqtada elektnorilan g e ner gi y a

yaoni Fer mi ener giyasi Dirak nuqgtasiga mos
ular yorugéli k tezligiga o6xshash tezlikda
har akat gi | adich Ub oydalxisbh,i uonditnkga zqgdét kazuvcha
bogdl i g obvaulhadma.pd®io |l c haml i grafin Dirak nu

maydon grafinda elektronlarning energiya spektriga dinamik ta'sir ko'rsataqiori chastotali
elektromagnit maydon grafind&loquetBloch modellarini hosil giladi. Maydonning intensivligi

va chastotasi yuqori bo'lsa, Dirak nugtalarining energiya spektrida yangi energiya zonalari yoki
bo'shliglar hosil bo'lishi mumkin. Ba'zi hollarda Dirak nuqtalari jsiavi o'’zgarishi yoki turg'un
holatdagi yangi Dirak nuqtalari paydo bo'lishi kuzatiladrafinda elektronlar uzun masofalarda

todgnashuvl arsiz harakatl anadi, bu esa-nan'
o0ti sh hAananaliyyairli sndiot kazgi chl ar dam datrigd hl arr
shaffoflik kooéorsatadi, yaodnin elédea K tsrthamalnaro 'y
o6l chamli grafen kvant sigbéimini ortishiga

(2) i foda yor damikd’aan2 D sd @loéd hma mliin gg rkaufcihd a
olish mumkin.

003 T

~T=300K |

_ —T=350K |

\ \  —T=d00k /|
\ |\ —T=450K [ /

[

2r asm. 2D o006l chaml grafin kvant sig
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2irasmdan kodérinib turibdiki, O6YuCh mayd
ortib bomdi. Agar elektromagnit maydon polarizatsiyasi aylanma bo'lsa, grafinda energiya
spektrida topologik bo'shlig hosil bo'lishi mumkin. Bu hodisa yangi fizik xususiyatlarga olib
keladiGr af en kvant sigo6i mi O6 YuCh ma ynohgmirimalt a ' ¢
giymati Dirak nuqtasida kuzatiladi. Zaryad tashuvchilarni kuchliroq konsentratsiyalash orqali

sigéimni sezilarli darajada oshirish mumkin

O6YuCh maydon taésirida 2D o006l chaml. gr a
darajada zaryadaits huvchi |l arni yigoish i mkoniyatiga e
ortishi gazlar, biomolekulalar yoki boshga kimyoviy moddalarni aniglashda sensorlar sezgirligini
ortiradi. Kvant Si go6i mining ort.i siatiniogradg f e n
chunki kodprog zaryad tashuvchilarni todpl a
zaryadl anadigan va yuqor.i guvvat sigoi mli |
beradi . Graf en kv anonlarrsng gadspartixususigagarin yastshilaydi.iBu e |

uni yugori samarali tranzistorlar uchun ideal materialga aylantiradi. Grafen asosidagi tranzistorlar
odatdagi kremniy tranzistorlariga garaganda yugoriroq tezlik va quvvat samaradorligini
ta'minlaydi.

Grd en kvant sigo6imining ortishi fotonl arn
ulardan foydalanish imkonini beradi. Yuqgori samarali quyosh panellari, shaffof displeylar va
lazerlar yaratishda ishlatiladi.

Adabiyotlar
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of graphene sheets and ribbons. Applied Physics Letters, 91(9), 092109.
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2. John, D. L., Castro, L. C., & Pudly, D. L. (2004). Quantum capacitance in nanoscale device
modeling. Journal of Applied Physics, 96(9), 508084.https://doi.org/10.1063/1.1803614

VOLFRAM BILAN LEGI RLANGAN KREMNI YDA HC
NUQSONL ARNI O6RGANI SH.

Sh.B. Utamuradova, J.J. Khamdamov, Y.Z.Mardiyev, S.M. Abduraimov,

F.O. Boboyev
Odzbekiston Milliy universitetdi huzuri da
instituti, Toshkent, Odzbeki st

Yari modat kazgi cah turlmal telektroni&a durdmalariouchyin materiallarni
i shlab chigish va takomillashtirish zamona
gol moqda. Yari modatkazgichl: guril mal ar uch
xususiyatlarga ex[1-3]. Biroqg, uni yanada takomillashtirish uchun turli xil element atomlarini
godshish kerak. Kremniy kristall panj ar asi
Xususiyatlarini sezilarli dar aj ad darnioyaratigha r t
uchun yangi imkoniyatlar ochish imkonini beradi.
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Kremniy strukturasiga va elektrofizik xu:¢
mat eriall ardan biri vol fram atomlaridan f o)
maer i al |l ar bilan kremniy monokristalini | e
hodisalari, yugori temperaturaga chidamli hamda radiatsiyaga chidamli elektron qurilmalar
tayyorl ash bugungi kunning dol zarb masal al a

Vol fram bil an | egirl angan Kremniy tar ki
guril malar va metodlardan foydal anish orqga
kremniy namunasi tarkibida turl i spekirbskopiyasiy ar
yordamida o&6rganil di. Bundan tashqari, Kkris

Tajribani bajarish KDBO , 3 om&icn gqar shili kka ega boodl
namunalari tanlangan. Namunalarning dastlabki qalinligF2600 mk r bodl i b,
ifloslantiruvchi moddalar va oksid gatlamlarini olib tashlash uchun M=20, M=14, M=8 karbid
kremniy kukun yordamida namuna i kki tomonin
todliqgq kimyoviy tozal apedakspbpdhkayuhdish, Bg
(HF) eritmasida ishlov berish orqali erishildi, bu oksidlarni butunlay olib tashladi va keyingi
yotgiziladigan gatlam uchun toza kremniy sirtini ta'minladi.

Tozal ashdan soo6ng, kr emni%) voljranz @W i) gatlamiy u q
bugdél antirildi. Vol fr am -4g(\dakuuna nmwersal post)squrblmasii |
orqgali, yuqori vakuum sharoitida (10 Tor

bunda kremniy yuzasida volfram atomlarigibir xil tagsimlanishini taminladi. Qotishma jarayoni
termal diffuziya usuli yordamida amalga oshirildi. TayyorlangaBi mamunalari toza kvarts

ampul alariga joylashtirildi va ochiqg havoda
gilindi. Keyi nchali k katta nugsonlarning paydo bo
panjarasida volframning bir xil tagsimlanishini taminlash uchun namunalar tez sovutildi. Tez
sovutish, shuningdek, nanokristazdganrni samina mq
kodrsati shi mumkin bodél gan namunal arda i ch
Ter mal di ffuziyadan soong, vol fram Kkirib

namunalarning 2 mkm qalinlikdagi sirt gqatlami olib tashlarli mexanik ishlov berish va
Ki myoviy tozal ash yordami da amal ga oshiri

chuqurliklarda oo6rganish i mkonini berdi

Dastlab FTIR Fourier transform infragizilyordamida toza{si ning NQptkonsentratsiyasi
aniglndi , unga kodra ki sl ofcortl Kekinminbssgichtlar{®i &«V¥>i y a s
nadmungionN®entratsiyasini aniqgladik, Wnga
cmiortgani maél um bodl di . Bunday olvamtatomnlarib o r
diffuziya vaqtida kislorod bilan molekulyar birikmalar hosil gilgan, hamda bu jarayon ochiq
havoda diffuziya qgilish tabésir.i natijasi da
tahlilida yana kodéri b o6tamiz.

Volfram bilan legirlang n  kr emni yni 4 zont orqgal i sol i
natijalar tahlil gilindi. Bunda biz dastlabki namuna bilan, termal diffuziya orgali volfram bilan
|l egirl angan namunani tahlil qgil di k. lhdahlibu n
gilindi. Dastalabki namuna-$i kremniyning solishtirma garshiligi T@®¢ d20dbo 61 gan
bool sa, ter mailSi agWbf uzigyal amgainidap sodng na
solishtirma qarshiligh ™ T & Gaodaga o r t gishmurnkin.kTajriba davomida
termal diffuziyaorgalipSi <W> | egi r |l angan namuna sirtida

solishtirma qar”’s i loim® néi adgatashéilziflia r i s h i
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Volfram atomlarini kremniy atomlari bilan molekulyaoly 6 | ani s hi ni teks
Raman spektrometeridan foydalanil di. Nat i e
Ramanspektrometiqurulmasida olindi [6 ] . Raman natij aS naganasida o0 r .
quyidagi Raman siljishlari aniglandi

[—— 1. KDB-0.3 om cm|
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1-Rasm. KDB-0.3 om cm (pSi) dastlabki namuna.

1-rasmda dastlabki -8i namunamizda (180,07), (307,94), (523,93), (708,8), (780,75),
(952, 38) va (2639, 32) pi klarimiz aniqglandi

nomoyon qil adi va namunamizda birinchi tar
(At omlarning harakat. todl gin targali sh y
(Atomlarning harakat. tod@l qin tarqalbsdqol
mal umotl arni olish i mkoniyatini yaratadi . B

sifatida kuzatiladi, LO Raman spektrda yuqori chastotali pik sifatida kuzatiladi, hamda TO va LO
namunaning opti k sohal ar Bundan tasldgargramunadd akastiky o
sohalar ham mavjud bodl i bBo @y laama Aa kvwagLA)iAk Dbti

(At oml arning harakat. todl gin kKkaGmdadl amg ya
tebranish (TA) (At oml arningi hatakatil i sbaly@dnal ishig
sohal ar ham od6ganil adi [ 6].

O6l chashdan k odh akesekdsohlga mds &edadi,c307 €ATA akustik
sohani kodérsatadi, boshqga adabiyotl ar di@m ku.

takidlashadi, 523ctho pt i Kk sohada TO+LO sohal ar'@2iOoptkvj u
sohani namoyon giladi, 2639¢bu hech qgqaysi optik yoki akus

soha emas, bu nugta asosan uglerod birikmalari (masgthh@ g 6 ) ni ko o0r sat adi
800850 cmtor al i gda simmetri k choo6z®I|l behpodlharsnil K
yaodni TO+TA sohal ar hosi | boolishiga olib
Xususiyatl ar n a momy eean78boooSi-Bsdi k var 70@&s i | bobé
mu mk i n, bu nuqtalarda ham TO+TA sohal'@FA hos

akustik soha ham amorf ¥Bu snuisngy ammb g ak uleyars
kodérsatadi [ 7].
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2-Rasm.1. Dastlabki namuna KDB-0.3 (om cm) (pSi), 2. pSi<W>, 3. p-Si<W>-
sirtidan 10 mk olingan.

Volfram bilan legirlangan 45i kremniyning Raman spektrometrida tekshirish bir muncha
gi ziq hol atl arni kodrisngt i bntlkeeirsdiv.l i Bluadia ¢
mar kazl arining siljishlarini, piklarning ke

Tajriba jarayoni pSi namunaga (W) volframni legirlashni ochiq havoda, 13Q¢aroratda,

5 soat mobaynida diffuziya jarayonnalga oshirilgan. Tajribada yuqorida aytilganidek sovutish
jarayoniga al ohi -daamda &ytiizbhdr cdcarzatqi lggarnf.i-§jd d a
bogdl ar i “YRardan siljiskiréng intensivligi sezilarli ortib ketgan va boshqga piktarn
mar kazl ar i sezilarl:i darajada siljigan yok
o6r gani s h -3xd\Vg samndna dirddan 10 mkr galinlikda mexanik va kimyoviy usulda
olib tashlandi. Natijalarni 2asmda, dinafsha chiziq grafigida hosii o 6 Buhda.ham qator

o6zgarishlar mavjud bodl i b, asosiy sohal arc
hatt oki amorf sohaning kodétarilishini kodr i
bir sohalarni alohida gisimlargarapt i b chi gi sh aniq natijal at
solishtirish magsadga muvofiq boodl adi

Yari modatkazgichl: materiall arni, Xususan

xususiyatlarini takomillashtirish zamonaviy elektronika uchun muahamiyatga ega/olfram

kabi qgiyin eruvchi materiallar bilan legirlash radiatsiyaga chidamlilik va yuqori haroratga
bardoshli qurilmalar yaratish imkoniyatini beraremniy namunalariga volfram gatlami yuqori
vakuum sharoiti da va(l376K haroratdar5rsgat davhnuda Hiffuziya gilindi. i
Tez sovutish jarayoni orqali kristall panjaradagi nugsonlarning ortib ketishi oldini dRadnan
spektroskopiyasi, FTIR va solishtir m&lfraamar s h
diffuzi yasi natijasida kislorod konsentratsiy
cm | gSaocl hias)h.t i r ma qgar s hiOl,i5k3 0o,nB: canmlgcanc héa no r
el ektrofi zi k xus us iRyan thhhlirorgadsi-Si, 8D sSHBr i b okgoddl rasnai t
va amorf sohal ardagi oGzgarishlar aniqgl andi
panj ar aga t aVoleamrbiamlegirl&ngad kresmaiy yadiqori sifatli elektron qurilmalar
ishlab chigarish uchustigbolli material hisoblanadi. Keyingi tadqgigotlarda diffuziya parametrlari
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va sovutish sharoitlarini optimallashtirish orgali materialning xususiyatlarini yanada yaxshilash
mumpkin.
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STUDY OF ELECTROPHYSICAL PROPERTIES OF DEFECT FORMATION IN
YTTERBIUM -DOPED SILICON

Kh.S. Daliey, J.J. Khamdamov, Kh.Y. Utemuratova, M.B. Bekmuratov
Institute of Semiconductor Physics and Microelectronics at the National University of
Uzbekistan, 2¥angiAlmazarst., Tashkent100057, Uzbekistan
mansbek@mail.ru

This study invesgates the effect of electron irradiation on defect formation processes in
ytterbiumdoped silicon. Two methods of silicon doping are examined: melt growth and diffusion.
The use of Deep Level Transient Spectroscopy (DLTS) on diode structures enabtesgsenent
of ytterbiumdoped silicon behavior under radiation exposure. Irradiation of samples with
electrons at energies of 6 and 13 MeV led to the formation of radiation defects sucem@tei
and Ecenters. Results showed that doping silicon witterpium significantly reduces the
concentration of these defects, particularly in samples doped by the diffusion method. The mos
significant decrease is observed in "oxydeze" silicon, where the concentration ofc&nters and
E-centers decreased sevei@d compared to the control samples. These results confirm that
ytterbium atoms in silicon interact with radiatiotduced defects, forming clusters that serve as
effective sinks for vacancies, thus slowing down the defect formation process. Theretudgg
new insights into the potential for improving radiation resistance of silicon materials doped with
rare-earth elements.

The behavior of materials under irradiation is largely determined by the nature and
concentration of impurities interacting withimary radiation defects {2]. Of particular interest
are studies on the effects of radiation on crystals in which, in addition to the main doping impurity,
additional impurities, both electrically active and electrically neutral, have been introdeskd [
Doping singlecrystal silicon with rare earth elements (REE) increases the stability of its
parameters to radiation exposure7[6 This effect is attributed to the presence of various REE
inclusions in the silicon lattice, which serve as effectimkssfor vacancies created by radiation.
However, there is no consensus in the literature regarding the electrical activity of REE impurities
and their interaction with radiation defects and other impurities in silicon.

The aim of this work is to investigaithe effect of electron irradiation on defect formation
processes in silicon doped with ytterbium, both during melt growth and by the diffusion method.

The studies were conducted using desyel transient spectroscopy (DLTS) on diode
structures fabricad from control silicon samples and ytterbidimped silicon samples{8]. The
concentration of ytterbium atoms in the bulk of singfgstal silicon doped during growth was
determined by neutron activation analysis and varied fro¥hm tsto 10'7 f) &§510]. The control
samples were -type silicon with different oxygen content: "oxygeoh" silicon with a
concentration of optically active oxygen atoms’P=4t10'i 1 1% f) &and "oxygerean"
silicon withNe®®' O % g 65

The samples were irradet using an electron accelerator with electron energies of 6 and 13
MeV. After each irradiation cycle, the resistivity and charge carrier concentration were measurec
[11-12].

Analysis of the DLTS spectra revealed that the introduction of ytterbium irdorsduring
melt growth does not lead to the formation of deep levels in the bandgap, despite the higk
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concentration of ytterbium atoms. In samples doped with ytterbium using the diffusion method, a
deep level with an ionizationenergyof EO . 36 eV was detected.

After electron irradiation, the formation of-éenters (vacanegxygen complexes) with an
ionization energy of &0.17 eV was observed in the contreBhsamples with high oxygen
content. In samples with low oxygen content, botbefsters and Eenters (vacaneghosphorus
complexes) with an ionization energy ofB.43 eV were observed.

The presence of ytterbium atoms in silicon significantly reduces the concentratioaraf A
E-centers compared to the control samples. In samplesddeith ytterbium during growth, the
concentration of Acenters decreased by32times, while in samples doped by the diffusion
method, it decreased by-&b times. In "oxyge+iree" silicon with ytterbium impurity, the
concentration of Acenters was -3 times lower than in "oxygenontaining” silicon, and the
concentration of Eenters was an order of magnitude lower.

These effects are explained by the interaction of ytterbium atoms with radiation defects. Rare
earth element atoms in silicon can form clustdat serve as sinks for vacancies, slowing down
the radiation defect formation process. It is also possible that some ytterbium atoms are in :
dispersed state and can serve as centers for defect annihilation.

The presence of ytterbium atoms in silicogngicantly reduces the efficiency of radiation
defect formation, such as-éenters and fenters. The magnitude of this reduction depends on the
state of ytterbium atoms in the silicon lattice. The observed effects are associated with the specifi
interadions of ytterbium atoms with defects and impurities like oxygen and carbon, as well as with
radiatiorinduced defects introduced by irradiation.
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STUDY OF THE CAPACITANCE DEP ENDENCE ON TIME USING THE
ADOPTED MODEL OF THE METAL -GLASS-SEMICONDUCTOR STRUCTURE.

0. O.Mamatkarimov, M. O. Turgunov
Namangan Institute of Engineering and Technology
bmphddsc1991@gmail.com

Using the adopted model of MDS structures, the measured cayoactependence on time

(excluding the effect of the inversion layer charge) takes the following form.
ci=—2&Co (1)
e K+ X([0C,

Here, K is the control electrode area, i€ the capacitance of the dielectric lay@is the
dielectric constant of the semiconductor, &hts the permittivity of free space. The value of C
is determined from the higlequency capacitaneeltage characteristics, while C(t) can be
determined at each time t from the experimentallpiolet relaxation characteristics of the MDS
structure.

Description of the Experimental Setup

For measuring the relaxation and hilgaquency capacitaneeltage characteristics of
MetalDielectricSemiconductor (MDS) structures, we used an improved versiorthe
experimental setup similar to the one described earlier. The block diagram of this setup is presente
in Figure 1. The full conductivity bridge consists of two transformers, with the core component of
the setup being the transformer bridge (1).

Thesecondary winding of the voltage transformer is connected in such a way that when the
measured and reference impedances are complexly equal, the currents passing through the prim:
winding of the current transformer mutually compensate for the altegmatitage supplied by
the G generator. The degree of compensation is registered using a null in(iBsedfigure?).

This bridge is designed based on the balanceeduductivity bridge circuit. One arm of
the bridge includes a reference variablestesiand capacitor (R1 and C1), while the other arm
contains the MetaGlassSemiconductor (MGS) structure (2) placed inside a thermostat (3). A
resistor and capacitor (R2 and C2) are connected in parallel with the structure to establish th
initial balan@ of the bridge.
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Figure 1. Block Diagram of the HighFrequency GV Characteristic Measurement

1. Transformer 2.MDS Structure 3.Thermostat 4. HF Generator 5. Amplifier 6.
Oscilloscope 7.Integrating Amplifier 8.Voltage Source

Figure 2. Measurement Bridge Circuit Diagram

A high-frequency generat@CH-106 (4)is connected to the supply diagonal of the bridge.
A resonance amplifie(5) (V2-6) is connected to the measuring diagonal of the bridge. The
amplified signal is sent to a null indicator, whichais oscilloscope&s1-68 (6) An integrating
amplifier(7) is connected in parallel to the oscilloscope, functioning as a detector for further signal
processing. A DC bias voltage is applied to the structure from a power $8ur€ae bridge is
balanced bith in terms of capacitance and resistance components, allowing for precise
capacitance/oltage (GV) measurements point by point. To study the temperature dependence of
the capacitance and conductivity of the MGS structure, a previously described theandsta
temperature stabilization system are used. The sensitivity of this system i®dbpktwhich is
sufficient for obtaining the &/ characteristics of MGS structures. To analyze the dependence of
capacitance relaxation on temperature, the investigeDS structure is placed inside a cryostat,
as shown irFigure 3.
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Here:1- Investigated MetaGlassSemiconductor (MGS) structure®- Quartz container
4 - Liquid nitrogen 5 Foam insulation 6 Heater coil 7 Phasphor bronze clamp contact 8
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Figure 4. Capacitance Relaxation of the Investigated Structures:
1 - Experimental dependence Zheoretical dependence

In Figure 4, the experimental C(t) (1) and theoretical C(t) (2) dependencasenbat a
frequency of 150 kHz and a temperaturelo5 0 AC ar e presented fior o
ni Si-Si DAl . The results were recorded after t
The volumetric (A) and surface (S) generatioiesavere determined using the optimal selection
met hod based on relations (2.34) and (2.35)
and S values, the capacitance relaxation dependence closely matches the experimental data. 1
deviation of he calculated dependence from the experimental results at the end of the relaxatior
process is associated with the influence of the increasing inversion layer charge and the risin
probability of recapturing the generated charge carriers.
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BIR QATLAMLIMOS 2ELEKTR OOTKAZUVCHANLI GI NI
KUCHLANI SHGA BOGOLI QLI GI

M.G. Dadamirzayev, M.O. Kosimova, A. Mahmudov
Namangan muhandislgurilish institui

I k ki 00l chovl ii bu(yangi)turdaga magexili laad abool i b, n
datchi kIl ar va fotonika sohalarida qizigar/|
mumkinligi  bilan ajralib turadi. Grafendan tashqari, boshga qatlamli materiallarning

monoqatl amlari, ma s a dlkagmidlar y Mo iSmo dytokkai z uWS d i
tranzistorlar uchun istigbolli materiallari sifatida tobora muhim ahamiyat kasb etmoqda [1].

Haroratning yuqgor.i gi ymatl ari da, tizi mni
El ektr o6t kazuvchaifodaladadiquyi dagi i foda bil a

-E
G =G,(T)e (2)

Bu ifoda haroratning ortishi bilan zaryad tashuvchilar energiyasining ortishi va elektr
o6t kazuvchanli kning eks@tmenrud iaalel erkttirs hoion ik
ganday parametrlar bilarobg 6 | a b, tizimni tasvirlash uchu

Bu yerda,G(Trhar oratga bogé6liq bodG{armamueal egrk t r
chizigoidan ol ingan hE&faoklashtirtvchee nle o g © ly izaryddp & t

tashuvchilarni oo6tkazuvchanl i k t ar mo igdglikga Kk
energiyasyokit as h q i malyidloaan ttaa@d&Gmirnl ani s hi mu mk i n:
E=H E

Bu yerda,Eq-Mo0 S ning taqi ql apFgrmindaragasi rietektrdnlarningl i ¢
energiya t aqgs i méa-+Bolsnmad doimysiTHempegatunamat i ) |,
Agar bize | e kt r ma yaltivaisiya eagigsyasiniitatiliagilsak, tashqi kuchlanish U

ning tadsiri quyidagicha namoyon bodél adi
Eett= E-eU
Bu shuni angl atadi ki, agar t aksivatgyaenerbiwmsit r
pasayadi | ekin har doim ham E = eU emas. Agar e
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aktivatsiya energiyasiz ham harakatlana boshlaydi, but@sael effektini holatini keltirib
chigarishi mumkin.

Agar materialdagi elektronlars si gl i k or gal i o006t k fgautastotgh a n
el ektr maydon tadésirida harakatl ansa, u hol

eU O E

Bu shart, asosamaydoniy tranzistorlayoki tunnel effektid&kuzatilishi mumkin. Masalan,
tashaqi kuchl anish yuqori bodl s a, e | 8dhdttkyo n |
barrieror gal i chi gayot g @siglikbva édkts maydohombinasiyasorgali y a
beriladi.

Agar kboab tranzistors i f at i da i s h| akuchldnighy Waktiyadsiya b o «

energiyasini pasaytirishi mumki n, ammo ul al
kuzatiladi.

Ushbu formula Bol sman t aqgs layoadashuvbamlesergiyab o ¢
va temperatura oo6rtasidagi bogél ani shni tus
tashuvchilarning (masal an, elektronlarning)
tavsi fl aydi . B ubirteaerpiya holatining ehtinkob quyidagi tarrda yoziladi.

f(E)=—

E
ekT +1

Ushbu formula elektronning Ferrbii r ak t aqgsi mot i uchun too
tagsimoti uchun ehtimol, uning klassik yechimi

f(e) = exp(ﬁ)

Bu holatda, har bir energetik holatning ehtimoli eksponensial tarzda kamayadi, chunki
energiyak ortgan sari ehtimoliy kamayib boradi.
E

K=AG K

Bu yerdak-reaksiya tezligi konstantasi,
MoS; gattiq jism materi uchun bu tenglama odatda diffugasayonlarini yoki fazaviy

ob6tishlarni tavsiflashda ishlatil adi
-E
G =G,(T)ek
Bu tengl ama, o' zgaruvchan haroratda, ene

kodérsatadi .
TO350 K haGoir ag da ddyarlabarchgichlanish (U)giymatlari uchun

zai fl ashishini kuzatami z. Buni past haror at
o0t adi
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I 90Ckkdsdets? EMls®dfsoe Ugddzls iy dzd i)' ZAOSHES St H SioR!
BOC dzj stesdzdzs ¢ 5 ( s dzdzts & 8 (3 OEG € jizj fafd PR St B sk o
LU B dzh ZAED sl O dzv 2O [l Bslsd 55 G j tedsd U MSC sE s o OC L
sMOYHOdM! z BtOLd 2 ojttrndzd? tdBduyjmMcéd2 ¢tsd

[ v o' windzj dzgd vV 16 jpOdESNZAO ths tsfiy listéntef jokoked]j wzls ¢ | dzts ) Is te
WOLse 2 OdOdzdL 20 bkilsOdtsoCj toj dzlscj detso S s
ftesdL oHdIs] dz Mal vern Pan adl Lydkld \cjadey § dzn lsftei)j to
qddz¥ StekOyd sdzdzOW ¢ dzze  dzO Qs s ts Btz th IS ofrpfsij i oda
tj dzls¥ @ alkts ¢ ts OdzOdzd L O Msfls 0o dzv d&zO ~ 5 %. M
CtedMsOdz&scwOW duj MSdj 0PE®EHs ©zddngishy 0w I A
Ckeduj MCOvw, § esflstc Gsmls 9 JakdsP e ¢ tistns @®Pdzhls o j dzdz
(i):7.9704, b (i) 7.9704, ¢ (i) 7.9704.
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10 toj dzscj descteOdRBd3zd o dHdets, yYbsts Hdzjdz¢d CdTe
2O te@o dzj dgdw s (111), (220), (311), (400).
i sdzlz yJ dz’ sOC % J QoalsstcORRd HEwkzedrm w©WOBTBIS, o ¢
L dzj ClstoctssMOQLHjjteztyce 5, SdgOY H j dzed™w dL f Oetseats?2 WO
sBl Jd&g3d . tdWdziSfr M ddHj CMOBBd (111) dzO teoj 0
sL dZ2ZOy0jils, ybt 1 dzjtecdw § s shisdtsmisd stdj dzls
1 0dzdydy Hwzed-ORdCE220D) t6j ¥ &IIMN d (400) Mmoadt
CdTe ddijils SkBdyjmSks cteOdzj yj dzlstcd totso Odzdzlz 8
tdLkzdz sOIst ddzn § SMdtetseo Oded™w d MtcOo dzj dedw It
toj dzlsG j descte OB ASTM § sd@L §j o @tddg dzC diIst€d D e tc @ 3
BsHdWdEOydr d weodweIlsmw BHdstsHd G3d. (ks O
[ ddzdzj e ©O: ,68854 §6 6, 487 WstcdBdzdzy N=h2+k2+1 2 Hdzw
toj dzlsc j detsctcORBB] , Cltster j n 5o = WsdzdEEs?ts IstojhlsjfidsCodz &
CkedujMStets Isj edzbtedHO® S OHBIY. [lkdshdlj d d&o
fMsMmlsOodv jls 0,062; 0,077 d 0, 093 % RifhydzHCtCHL G
toj dzgsc j dzso MO se s WOLBoatsEts OdzOdzd L Os A tgsCHHnZAG, 0 Is
CslbtstcOV dd3j Jls Mdzj Hize M 28  ff t5)dzjsh METHEJTez+ wizfsn Is ¢
ZAO + In

tdfm. 2. d4nj BO t.]j Odz' dzts PEATENZALCS | dzd W
[ s+] 55+ MoTextudTe +5 J £+ ZAO + In

ltotso jHjdade' 2 toj dalsc j detsW Odedzl 2 ) fzDldzd © dz'd dzts| dntd dz
Wslstsykzomlsodlsj dz detsflsd PCETEZAGsztsS O Lf Gsidefz, u j dddas - o
sBteOLEZjIsMY ftosdiyklssyds § Mmdtsd di Y HE d3J IsO dzdz
CdTe o tshdztso dztsds, i ts dzlz §f tedsMofas Wz C gz tc D dzs ¢ fnd O [
eCdTrRZAQ] BJ ¢ Isfgw  Hd4 dzj CIstedud MS 5§ Mtej Yidsis] GadQ daty
Ylsts BOLtsoar 2 BOLjtedOd ftojddkzh jmise j dzdes Mtsfis sd
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JgflrrivfeuvRrR PRIV LVRC YLJouldtr{ficlrvrsd
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0. . sOMdEORizsd O1ztcH d dzs o O
WNjtecOdMCd?2 ¢z Otmlse j dedzr 2 Isj 7 dzd U

RLOJMsdes, vyt Isjtediist dzj Clstedyd M&dy EMmlstets? Ml
fsLosdzY jls ftojsBtcOL te®dilsdz®ls o t @) Gdstple] Ul§ My dzOt
o toj d3w Isjted3se j dz tOIsSSte”’ &zOh dzd h el ftod d3j
ALY 2Mmilse O, off dzts s sls Mjdzr MEBets "tsLwW2fMmlsa® H
B HdyYyddzi OCd] EMmMistes?2 Missoddd frEsdQlEsDHYAstdyw o9 tasLfrdstdoyj
Qolstsdetsdzdz | dMissyded S d § dlsOdedw H3dpw. I tolg w1dg dayj dz
ftodd3j dgw s Isfqw Hdzw ftedBStetse ) ttOL dzd ydzr dzd W &z dzS

1.1 dlsOdzdy dhif dzOdzlsqdtelzj d3r = bEfmistets? Mise . U J to dst
L getceds Hdzw tcOBlsT COttHdBMisdBzdY sstetseo, Mdazka s
LOadMmd diismis! ls BOLOtK 2 d ke j dzdyde Ovw MmMtets¢ Mmd

2. [ tsddltsteddze WdLdtsdzsedyd Médr §OtcOd3] Istetso
dimf sdz! L ¥ sMw Hdzv MBcHOtdd B BHfFfcObBRztcH L KB &zO,
HdzZw fOydjdestse o tj Odzed BB3Oydd d ftsmdzi s j teOydtsd

3. t4dGjdzg 6OIsdo dzOW d3d Hd yd dzO.

vydlilsr e OW OCIkzOdz dzsfyisd fteddid dzaj dedvw Isj ted3tsc §
MisOeadlsmMw ©LOLIOBBISCO Isj B dH kP HBIs OREo dMm §f BzdC
fpHd &zOs s drn ftedidisdods &3d fm Eyy stsdz Bdded di3d L C
B HJYddemMScdhB3d fedetsteOBd d Ekfstes2mise Odi3d. 1
detcOsls Cdzt yjoks tc s dz! ) LWW SIsdo datg plg flzv e O g

sjtedstst dzj CtedujMSdj §O0LOdkjlster, OS] COC €
LdzjCleteduj MCOY fesotsHddksmis: [ 4] .
l sz tsosHddSd, dmMytsd Lkjdj HdEY &iHdy

ftcj HMIsOoadls: o MmMdzjHlkze " jd3 9adH]:
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l.vj dzdzzted H  oTeafi§ dslasldsO diffddz j ico dzv j Isfqw  dzOdB BdzZd 4 d
dmf sdz! Lzj @B d&3 o Isjted3tst dzj SIstedyd MS dn Emistes?2 Ml
Cdi3dzOIsdets?  Is§ BY J 6 OlsdTeg . § dd dyfgddar ¢ Wpdndzy HBEAY ML H
Isjtcd3tse j dzj cOststeso, t©OBKISOs h dn ¥k sk gz #HOY
sCtokyOsh j2 Mtej HES2 .

2. 10dtshstczS sizted tcew @ dzdz" § S350z th d Ger'dats yOMlis d
d Bdzts ¢ sMdzts 2 dz" ~ MstczC Iskzte fsLotsdw jlis L dzO0yd Is
~nOtcOCIsjtedMmMisdCd oz tetso sSH dzd € Sols ztg OB BEEE N tO,) IS
Isjtf dzstf tetso sHdesfyls! L O Myvyls teOmMMmjvwdedw W sdetsdatso .

3. JtcOdduimMid) vPbdzpf OB HEL Pz, ¢O0S¢ ¢ tdd
sB dzZOH O Is Bdtsmtse d3j Misd dgsmis! & , yls s Hj dzOj Is d
ftoeddzsy jdzd?2. Ra tsi)dsodestts fifldc| Jdzkze §imdsmysdzs s
sC Odew 3d st Oded L BO.

b dzOdzdL Jtockzw -GgOB Slsisy el s toj H j dzd Is! fte d Bk
dmf sdz! L s Odzad™w f sdzzf csotsHdzgd S ts9 o d&j HIyYddz :

ltejddi3zh j Mlso O W o dzw j Ismw otsL i3sy detsfls ! ai3d C
SlsmizlszbBed sHdBsMisd o nddB3dujMétsd ssfddej d d

s djHsMIsOCOHR ldsmMwishmw o MOV Mistsd iBsmlis
BOIsjtcedOdzseo ( dzOf tcd di3j te, Isj dzdzEtc©® d o dMmMBEISO) ;

t OLtcOBtsSIsCO cdBSCdrn Isjtodst dzj CIsted yj MS dm dzf dzv
fteddzgd dgj dzgd v Eflstets2Mmlse o IsCOdzj ots?2 ddgyjdzi todd.

(hyYy SHddB dL OO lstcse HAEZY or BStc® d&OIs |
1L dzj SlstesHady h OW  MddzO (G &) Isj tcd3tsf Ots. Crd
L dzOy4d dzd v, HsMisd e OwW HBdzj 2 offduimlds Cyw yfias tEts2 [ fy sl
f sfpdzj Hso Olsj dz' detsé s  MMtsj H d dzj ded W Bdetsy j Mlso O s
Csdzdyd Msoets 1 dzj Sltedy MEts?2 1t dgjtecdd Hdzv f dlsOdzd

dlssdls Blsdizisdlss, yYybkts k ddtsedr Isjtedi3tstf Otc G
14d $Oistds j edz3sf Ote™ HJ BdsdzMistedelze Is tejL 2 twtshis
JGB LOBjHAZjddj, O L)y HOHjdd] HB dzdav 0
mMdzz ) d Is ¢ Isj ed3tstf Otc O, dLeBlsse dzj dzdzOY dL GBI H] d
HsMIsd e ©lds 10, 0P 1lists¢ dzOf Qo dzv jIsw slIs dBiHd € Y
Hts 0, 00171 I, dets tod Isj s jeOkztcy 400 AC
HOdz! dzgj2h jd3 dzOGtejoj HB 541 AC Crwu dmyjLOjls
dzOf tc Oo dzj dadtylsty HsAEJOL d3j H d .

r dzwv ML HOdzdw 1 WW jCIlsdodzr » Isjtedistf Otc ftoj HY t5-
Ctslstster n dzgj dOBAzE HOjIsfw L Odgj Hdzj dedwv ttsMmisO O
Isj B JtcOlslzter . s totsd3y sts6 s, 90 dzts 9" BtcOls! ds!
mMcfcstdpdgy fsMStsd Ck 1 ss fsLosdVjls  sdzzydls!

10 tdm. 1 fJttdejHjds ctOWdud MEsy gL sBtcOY J
fsdzEf tcsotsHdzdCtsor 7 dBBOIsj tcd Odzts o .

[ dzw zOkz ydz' A Yyd dzj 2 Isj tod3tstf Otsr BsCElzls BI Is!
BOIs j e O, ¢ OS¢  &zOIsd dzO, 9 Ists otej Y COC
ftod dztsy § ded v n ftoj HY sylsj dzd | SlsHOj Ismw B tsdzj j
dimf sdz! L s Isw yjdzjL s, djH! HAEZY yYyOmlts dhmf sdzr L
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40% dzgd S jdzv), rtsdi® rEHWO) ded Opaizvizi gz ( 95 % dz
dzdrtctsdz (80% ded S jdzv d 20% rnttsdzZO) d Hwkzedj.

10dBBdzj § ©WOMYtetsMmisteOdej dedz § S Bd3sBddzOydd B0Is
NddzjL s d € sdzmls Odzls Odg, dzdrtetsds d Xy JdzjL ts, - tofs
1000 A@j dfme sipw Isj tedBtstf Ote” dL f d&zOlIsd dz" d 44
CteOWdIsO. [ dzv dedL Ctslsj B jtcOztedz” » f tod dztsy j dzd 2
odMmizls O, MmMEkzt! & d yddzt O.

rdzv dijHdyddesmSdr yjdzj?2 t©OLtOBOISr 9 O Ismw MY
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BiHdyddmSdr bkiksts2flse d 1kt wodwjlfw HMs
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MICROSCOPIC ANALYSIS OF EUROPIUM -DOPED MONOCRYSTALLINE
SILICON

G.H. Mavlonov, Y.A. Abduganiev, Sh. B. Bekturaeva

At present, many scientists and specialists are studying theeti@a properties of silicon
doped with elements belonging to the lanthanides group, and significant achievements have bee
made in this field. Based on these studies, the possibility of developing modern magnetic field
sensors and magneto electronic desibas been demonstrateeB3|]1Interest in obtaining silicon
doped with elements from the lanthanides group is associated not only with the development o
diffusion-based doping technology but also with studying the fundamental physical parameters of
theobtained materials. A review of the literature reveals that silicon samples doped with impurity
atoms of lanthanides elements exhibit ferromagnetic properties within certain temperature ranges
This phenomenon, in turn, is explained by the interactiomptirity atoms with magnetic.

To carry out diffusion doping, europium chloride from a 10% solution in water was applied
to the surface of an initial sample of singlystal ntype silicon with a resistivity of = 80
OhmTcm and a s i’zDiffusod anr@alidglwas. carriednaat in a tubular electric
furnace in the open air or in evacuat®e¢10°>-10° mm Hg) quartz ampoules in the temperature
range T=120081350AC for t =1 5wdsaddifiohally canteolied e r
using a platinunrhodium thermocouple, which was located directly next to the quartz ampoules.
After diffusion, the ampoules were cooled slowly in air.

The measurements were carried out using a-1lB8 SEM setup. Energy digpere
analysis shows that the silicon surface is indeed enriched with europium atoms, although the
diffusion time was quite long (Fig. 1). Elemental analysis of silicon samples doped with europium
at various points shows that europium atoms by weight mp29.02% (Fig.2).

Fig. 1.Energy dispersive analysis of the silicon surface doped with impurity
europium atoms.
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Fig. 2. Morphology of the surface of a silicon sample diffusively doped with
europium.

Table 1. Elemental composition of silicon ddpeith impurities europium atoms.

Element Line type Weight.% | Sigma.%
C K series 9,50 0,55
O K series 31,67 0,36
Si K series 29,63 0,28
Ca K series 0,18 0,05
Eu L series 29,02 0,35
Sum: 100,00

Table 1 shows the percentage content of various elsnmrersilicon samples doped with
europium atoms (obtained on a LA@30 SEM).

The atomic force microscopy (AFM) was used to study the atomic structure of the surface
of silicon samples doped with europium impurity atoms [4,5]. AFM provides information and
images about the position of atoms on the surface of a material, and AFM allows the measuremel
of conductive surface potential, electric field, and magnetic domains. This method provides
information about the number of atoms present in the formed pegkS)F

o 395.7 nm

324.4nm

250.0
200.0
150.0
100.0
50.0
0.0
-50.0
-100.0

-150.0

-220.3

Fig. 3. AFM Images of the Surface Condition of Si Samples
(a)Morphology of the sample surface (b) 3D representation of the sample surface

In the AFM image, the number of atoms in the nanocluster corresponding to the observec
peak in thel2.5em spectrum on the silicon surface was foundtabe6 .I 10
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ITTIRIY BILAN LEGIRLANGAN KREMNIYDAGI TUZULMAVIY
O6ZGARI SHL AR

X.S.Daliyev, I.X.Xamidjonov, Y.Z. Mardiyev

Odzbekiston Mil |l i Yaruinmovdetrksa ztgeitcih lhaurz ufrii zdiakg
instituti, Toshkent, Odzbeki st

Soénggi yillarda yarimodétkazgich va opto

(Si) xususiyatlarini modifikatsiya gilisk a uni ng qodél |l ani sh sohas]
el ementl ar Dbilan | egirlab, ularning optic v

tadqgigot ishlari olib borilmogda. Ushbu elementlar orasida lttiriy kirishmasi muhim ahamiyatga
ega[t4.Bunday kirishmalar kremniyning elektro
boshga muhim xususiyatlarini o6zgartirish
ittiriy (Y) atomlari bilan legirlangan monokristall kremniyning nugsonlitarggisi t a6 si r i n
spektroskopiya yor dami daTadqiyot gcaum iCkoRralskiyausulidaa |
o6stirilgan va -8pbi Omtismmigid orerokyisdil i klemngydan
foydalanildi.l t t i ri y at oml ardtemparadtuedal sbat dpvomitaavaktumlanan O |
kvarts ampulalarda diffuziya usuli bilan amalga oshirildi. Diffuziyadan keyin namunalar tez va
sekin sovitildi.

lttriy bilan |l egirlangan kremniy namuna
termikishlovn ng kr i st al | strukturasi tabdsiri aniq
Raman spektrlarining tahlili-i as mda kel tiril gan va undalquy.

311 cmt, 523 cm', 705 cmt, 784 cmt, 952 cmt, va 1537 crt. B u ilarhnoidakrigtall
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kremniydagi akusti k TA, LA va opti k TO, LO

Asosan 131cthc ho 6 qq i TA akusti k sohani beradi,
koor s at a'dda 2LA akustik sehendeyiladi bu joythlam SiF bi | an kuchsi z
hosil bod6ladi va bu amorf sohaga tegishli

1. KEF-7,5 om cm. Dastlabki namuna |

Intersity

-200 I:Il ZCIID AIEIJ Etllu BCIID 1DlDIJ IZIIJD 14ICIJ 16‘00 IBIIJD
Raman shift (cm™)

1-Rasm.KEF7 , 5 OmL c m. Dastl abki kirish

523cmtdagi ¢ hSid6 gkgiimySoivi y bogol ani shni  bCrad
mavjud. 705 cm, 784 cmtk engl anma TA+TO sohal aRfs SiDdayni | ad
mol ekul yar bogoél ani s hllarhiomig gk o diroiss H rbwmK ii rs.
2TO sohaga mos keladi.

Shuningdek 1i tipli kremniy nazorat namuthaa r i ham 1200AC tempe
davomida termik ishlovdan odé6tkazil di -8iga ush
ittriy atomlarini 1200AC da 1 soat davomi d
ham Raman spektrant r i da o006l chandi . O rasmua keltiriigdd alsldbn s
spektrlarga qarasak nazorat namunada dastlabki namunaga nisbatan amorf sohalarda ka
o6zgarishlar hosil bodél magan, |l ekin optik s

——1 KEF-7,5 om cm. Dastlabki namuna
30000 — ——2 KEF-7,5 om cm. Nazorat namuna
—3 Si-n<Y> Namuna

25000

20000 -

15000 -

Intensity

10000 +

5000 -

MAM

T T T T T T T T 1
-200 [0} 200 400 600 800 1000 1200 1400 1600 1800

Raman shift (cm )

2-Rasm. 1. Dastlabki kirishmasiz (etalon) namuna. 2. Nazorat namuna. 3:3i<Y>
namunalarning Raman spektrlari.
Kremniy SiSi 523 cmtd a g i pi kda odézgarishlar hosil

moddal ar bil an mo lheskaildaydeyishimwngid | ani shl ar ni
lttriy (Y) bilan | egirlangan naminal ar da
akustik, amorf, optik s o@0lca ordligda &moisoha gakiyibmu n
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400500 cmtor al i gl ardaYmhooishhi medlag Sni ni kodri s
tegishli bloahlogpamid ¥ dankh @amhigmamneéngi nli  kodr i

hisobiga kremniy kristal panjarasida tugunlar markazida joylashib, nugsonlarni tuzulmaviy
kamayi shiga hissa qooshmoqda degan xul osa ¢
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THE EFFECT OF ERBIUM ON DEFECTIVE STRUCTURE AND PROPERTIES
OF SILICON

J.J.Khamdamov, J.Sh.Zarifbayev,B.Sh. Alikulov
Institute of Semiconductor Physics and Microelectronics at M. Ulugbek National
University of Uzbekistan,
Uzbekistan, 100057, Tashkent, Yangi Almazar Street, 20

Thin-film nanocomposites, consisting of crystalline and amorphous silicon adiobgs
embedded in silicon oxide layers, have been actively researched over the past two decades
promising materials for nenolatile memory devices, thirgeneration photovoltaic devices, and
other applications. Particular interest in such compqsitelsiding erbiuradoped (Er) composites,
remains due to the possibility of creating silidmaised light sources for optoelectronic devices
[1,2].

In recent years, attention to erbium silicide (xphas increased, as this material has a low
Schottky barier on ntype silicon (0.80.4 eV) [1,2], which opens up prospects for the use of
ErSbx in source and flow contacts in future superscale complementary -oxelal
semiconductor (CMOS) transistors. This can significantly reduce contact and seriemcesist
which is especially important at low Schottky barriers. £r&i also used in new Schottky barrier
FETSs [3,4].

Despite its low resistivity, erbium oxidizes rapidly, as metallic Er reacts vigorously with
oxygen [5]. A number of studies report thaintfilms of ErSp.«x are formed by evaporation of Er
onto Si substrates under uHnggh vacuum conditions, followed by annealing, which prevents
oxidation. Silicon doped with rare earth elements is of particular interest due to problems such a
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inhomogengies in the distribution of impurities, complex diffusion processes, and changes in
silicon properties when rare earth elements are incorporated into its structure.

In this work, the defective structure of erbiguoped silicon was studied. Initial samptds
p-Si, erbiumdoped silicon (SI<Er>), as well as{%i-Er composites were studied using Raman
spectroscopy and -¥ay phase analysis. I[60]. The cubic structure of silicon allows for the
presence of a single fiesirder Raman phonon with a wavenumbgér 05 2 0 1R as dell asm
additional less intense peaks [8,9].

In the silicon spectra, vibrations at 304 tare observed, associated with the longitudinal
acoustic mode, and a wide peak in the range ofld@D cmt, due to the scattering of transverse
optical phonons and their overtones [8]. Silicon doping by erbium leads to changes in the Kr
spectrum: the intensity of the peak at 521icmdecr eases by 1.5 ti me
violation of the silicon crystal lattice due to the introduction oatems.

The results of Xray phase analysis show that the elements Si, O and Er are presentin the p
Si-Er composite in the expected concentrations, which confirms the substitution of Er atoms in the
silicon structure. Theipeak whek8adO0Aheope:
erbium.

Studies conducted by Lau et al. [11] have shown that the presence of an oxide layer betwee
the metal layer and the Si substrate leads to the formation of pores on the surface of the composi
which are omposed of ErSk. This causes the diffusion of Si atoms through the depressions and
the formation of polycrystalline ErSi

Analysis of Raman spectroscopy data shows that the insertion of Er atoms 8i twefpce
causes both minor changes in the algnand the appearance of new oscillations, which is
associated with the formation of-Bi bonds. The presence of erbium on the surfaceSifip
confirmed by Xray spectral analysis.
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KOBALT SI LI TSI DI ELEKTR O&dTKAZUVCHAN
HARAKATCHANLIGINING TEMPERATURAGA BOGa&aLI QLI GI NI T

A.T.Mamadalimov, M.Sh.Isayey, S.Q. Musayev
O6zbekiston Milliy universit

Odtish el ementussungn skobalst dsialriit si dl ar i

yaxshi el ektr o6Gtkazuvchanligi va kremniy |
hisobiga mkreva nanoel ektroni kada qgodall anilish uc
ishda monokristallik kremniyni kobalt atoml
silitsidlarining elektr o@Gtkazuvchanligi va
600 K gacha temperatur adaelot@irrgialngang.anBlua md 4
odta katta integral sxemal ar yaratishda pas

Kobaltning kremniyga diffuziya bodalish |
diffuzion usuldan foydalanildi. Kobalt @ilari KDB-10 va KEF20 markali monokristallarga
800900 UC da diffuziya qil itA0dmkm chdquiliksia kobalt n i |
silitsidlari hosil gilindi. Silitsid strukturasi rentgen diffuziya va skanerlovchi elektron mikroskopda
odr gareikltdi .o6BElkazuvchanli kning temperaturag
odl chandi . Zaryad tashuvchilar harakatchanl

Kobalt monosilitsidi uchun quyidagi natijalar olindi-(asm):

1.1002 70 K temperaltaktar oo @tl k @duvahanl i k tem

kamaygan. Buning sababi zaryad tashuvchil ar
2. T=270 K da el ektr oGt kazuvchanl ik

oGt kazuvc han Idkakunchanligka &maghssik bilan tushuntirilishi mumkin.
3.270600 K temperatura intervalida elektr

kovakli zaryad tashuvchilar konsentrtsiyasi ortishi bilan tushuntirilishi mumkin.

A
l

v

1-rasm
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Kobalt disilitsididatempext ur a or t i s hi bilan o@Gtkazuvct
tashuvchilarning fononlar, nugsonlar, klasterlarda sochilishi bilan tushuntirilishi mumkin.
Temperatura ortishi bilan elektr o@Gtkazuvch
uchunhar akatchanli kning tempemsamj.uraga bogdliqg

doa
wif
2-rasm

Kobalt monosilitsidida 1070 K temperatura intervalida harakatchanlik eksponensial
kamayadi, 2706 00 K or al i gdida ortadi. Har akatchar
kobaltmons i | i t si dining yari modt kaz g?270 K terageratrd i g

oralig@i da kobaulrt oniictnkoasziulM@dhisadadsiiukrk ao, & t2k7a0z u v ¢
ega.

Kirishmalarda 1002 70 K t emperatura or al i dadijkdyn av
ustunlik fononlarda sochilishda yuz beradi.

Tur | temperatura sohalarida turli turde
i ssiqlik tebranishlaridagi sochilishni k od
odzi ninakmocyholni qi | adi . Past temperatural arda
Debay temperaturasidan yuqori temperaturalarda:

- R — ) _
bu yerda i atomlarning tbranishining doiraviy chastotasy, i kristalldagi tovush
tezligi,ai panjara parametri— Debay temperaturasi.

Fononlar soni temperaturaga proporsional ravishda ortadi. Kristall ichida fononning harakat
tezligiit ovush todl qi nhdar 10 sn/se tok tastguvchildr bafiakat tbzligiOm i

sm/s ga teng. Bundan <c¢chigadigan xul osa: t o
gol gano defektl ari hi sobl anadi . Tashuvchi
temperaturaga bogdaligq.

2-rasmdagi egri chizigni yana mana bunday tushuntirish mumkin. Atomlar issiglik
tebranishi natijasida zaryad tashuvchil ar s
bogdl angan kodndal ang kesim i ssi qbnakBuride br &
effektiv todgnashish chastotasi sochuvchi
kodchish tezligiga proporsional

Kobalt disilitsidi harakatchanligi barcha temperatura intervalida temperatura ortishi bilan
chizigli kamayadi, bumetali k o&t kazuvchanli kka xo0s Xususi
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THE EFFECT OF SILICON DOPING BY HOLMIUM ON STRUCTURE AND
PROPERTIES BY SCATTERING SPECTROSCOPY

Sh.B. Utamuradova, J.JHamdamov,H.J. Matchonov, FO. Boboyev
Institute of Semiconductor Physics and Microelectronics at M. Ulugbek National

University of Uzbekistan,

In the characterization of crystalline silicon, which is widely used in the production of
semiconductor electronic devices, Rampeactsroscopy methods are actively used]1

Heterostructures (H&8i) and solid solutiona{Si<Ho>) are always different in the crystal
lattice constants of Ho and Si materials, so if another (Ho) is grown on top of a substrate of one
material (Si), builin elastic stresses appear in the layers Ho, SiSHaf multilayer structures.
crystal lattices largely determine the quality of structures, since stresses generate the formation «
structural defects and in some cases greatly limit the possibilitiesrazting perfect
heterocompositions. Changes in the composition and deformation of the material change th
crystal structure, and thus manifest themselves in changes in vibrational, phonon spectra. One
the methods of structural analysis that makesssjble to study phonon spectra and their changes
is Raman spectroscopy. In thigrk, the spectrum of a workover sampl&i<Ho> (x = 0.25)
grown on a substrate of Si orientation (100) was investigated. The thickness of the solid solutior
layer is 5em. SiSi, Ho-Ho, and HeSi bonds are present in the solid solution.

As can be seen from the given spectrum (Fig.1), silicon consists of Raman scattering at 52!
cm! for n-Si and 530 cm for p-Si, respectively, resulting from the first order optical phoiro
the Brillouin center region, the Raman band in the spectra of the resulBrgHo> appears at
525 cmt (shift -5 cnmit), and in the case ofpi<Ho> appears at 525 chishift +5 cm?) relative
to the position of the peak of the silicon substraterehy indicating the presence of tensile
deformation. The absence of other impurity peaks of the samples indicates a higher purity of the
samples.

4 Co<)
BROKER
()
g | 525.2206

3 i 520.0551

3337.8033

1617.7114 969.4485
- -
00

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 5(
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O)n-Si ( )7qn-Si<kHo> ()
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Figure-1. Comparative Analysis of Raman Spectra

Both types of Si and the Si<Ho samples> obtained from them have a strong wide absorptior
at D960 cm?, which corresponds to thelv@ nc e o s c i |-Si. Agparently, the fabov@i T (
results demonstrate the successful production of the Si<Ho> composite on the surface of th
material. In the study of Raman spectroscopy of materials, two Si peaks loda5&? &ndD>950
cm! they correpond well to the Si peak symbol, which can also be observed in the obtained
Si<Ho> materials. The increased Raman bandwidth indicates that there is a distribution of strain
and the band shift is not the result of a single uniaxial stress. The &2 atri* can be attributed
to crystalline silicon.

In general, the results of the spectra analysis indicate that the doping of silicon by holmium
affects its structure and properties, forming new bonds and defects.
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MAGNETRON IONLI PURKASH USULI BILAN OLINGAN ITO
QATLAMLARINING XUSUSIYATLARI

d.S. ¢echHluevaf f2arevad. [ Fdhaffcatodvaratov

'106zFA -t Ekmnika instituti, Ch. Aytmatov kod
Yari mootkazgichlar fizikasi va mikroelektr
20, Toshkent, OO6zbekiston

r-mail. alimardon.uzb@mail.ru

Optik shaffof tok o'tkazuvchi indiy galay oksidi (ITOIndium Tin Oxide) gatlamlar keng
tagiglangan sohali yarimo'tkazgich bo'lishiga garamay, pastigdrshk ka ega bo o6l a
ntip o'"tkazuvchanli kka ega bodl gan degener :
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ma'lumki, tarkibi 90% IpOsva1l0% Sn@d an i bor at bodél gan | TO yup
va yuqori optik shaffoflikning opt ma | kombinat siyasiga ega |[1
yugoriligi ( n = 1 . \&7Dést solt@irma garshilik (<Boohm sm) tufayli ITO yupga
gatlamlari quyosh elementlarida (QE) akslantirishga garshi keng zonali shaffof "oyna" sifatida
go 61 |i §3rb]. Bumabn tashqgari, tagiglangan sohasinifkg £3,53,6 eV) kengligi ITO
materialining elektromagnit nurlanish spektrining ko'rinadigan sohasida 95% gacha shaffofligini
ta'minlaydi [2,3].

Shaffof o'tkazuvchan ITO qgatlamlarini olishning turli usullar mavj ud bedl i
birlariga nisbatan madélum bir afzallikIlar v
optoelektronika talablariga javob beradigan parametrlarga ega ITO gatlamlarini olish imkonini
beradi gan, h a md a anqkeyin uangd twlirusullar bilad tshdoa lzerisbga onkon
beruvchi magnetron i onli pur kash usul i k en
tajribaviy ITO yupga gatlamlari argon hazida magnetron ionli purkash (MIP) usuli bilan olingan.
Ushbu ishdatgsha tagliklarga reaktiv magnetronli purkash usuli bilan yuqori haroratli ishlov berib
va ishlov bermasdan olingan ITO yupga gatlamlarning xususiyatlarini o'rganishdan olingan

ma'l umotl ar keltirilgan. Qodl !l anilgan MIP u
- yupga gatlamlarning taglikka yugori yopishishi, chunki MIP usuli bilan purkalayotgan
zarrachalarning energiyasi odatda qod6l |l ani

energiyasidan kattaroq bodél adi ;

- ko'p tarkibli material (ITO) larni plkash paytida stexiometrik tarkibning saglanishi;

- purkalayotgan materialdan yuqori darajada foydalanish imkoniyati;

- qalinligi bir xil bo'lgan gatlamalarni olish imkoniyati (jumladan murakkab relefli yuzaga
od0tgazi shda) ;

- vakuumli bug'latish paytideuzatiladigan yirik aglomeratlarning yo'qligi;

- uzluksiz ishlaydigan quriima va liniyalarni yaratish imkoniyati mumkinligi, chunki
nishonlar purkaladigan materialning deyarli cheksiz ta'minotiga ega bo'lishi mumkin;

- jarayonning turli parametrlari ora®gi migdoriy nisbatlardan foydalanish hamda yupga

gatl amlarning oé6tqgqazish rejimlarini avtomat
MIP usuli bilan olingan ITO yupga gatlamlarining xususiyatlari asosan dastlabki bosim,
magnetronning quvvati [7], argon gazinifgo s i mi [ 8], o6tgazish v

materialning taglikka tushish burchagi [10], nishon va taglik orasidagi masofa, taglik turi [11],
gatlam galinligi [12], taglik harorati [13] kabi turli xil parametrlariga bog'lig.

Tajribalarda tizimdagimgonni ng opt i mamm.boism.mis t(.58FH9 t
Bunda Af (argon) ionlari nishonning butun yuzasini goplab oladi va katodning salbiy potentsialini
himoya qiladi, buning natijasida zaryadsizlanishdan saglab qoladigan ikkilamchi elektronlar
yuzaga kelmaydi. Nishon va taglik orasidagi masofa 4,5 dan 5 sm oralig'ida olingan.

Yupga gatlamlar har ganday yog'ingarchilik paytida yoki yupga gatlamning galinligi etarli
bo'lmaganda amorf ekanligi aniglandi. Shuning uchun ITO plyonkasini purkagandgruaga
darhol yuqori haroratli termik ishlov berriladi, bu kirishmaning to'liq faollashishi tufayli
kristalllikni oshirishga va elektr o'tkazuvchanligini oshirishga yordam beradi. Ushbu usul o'ziga
xos sirt garshiligining 20 martadan ko'proqg pasayishigekeladi. Buning sababi shundaki, past

haror at tufayl.i 100 AC dan past haroratda
yuzasiga ob6btgazilgan atomlar va keyinchalik
uchun etarlicha facd ma s , chunki kristallanish 150 AC

uchun qgatlamlar ITO galogenli lampa yordamida xona haroratidari300a gacha qizdirildi.
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Undan keyin namunalar vodorod ogimida 25€ gacha haroratda = 30 dagiga davomida
qizdirildi.

Shu tarzda olingan gatlamlar shisha taglikga yaxshi yopishgan, quyuq qizil rangli, galinligi
d~06mkmvas~1swyuzaga e g & ningpetektrgususiyatlarint o'rganish, optik va
elektr tadqgiqotlarini o'tkazish va o'lchash paytida asboblarni ulash uchun ITO plyonkasiga bir
biriga garamagarshivabib i ri dan teng 0,8 sm masofada oy
to'rtta kontak olindi. ITO gatlamining garshilik o'lchovlari shuni ko'rsatdikib@0® sm gatlam
galinligi uchun taxminan®@0*Oh m sm bodl gan, bu esa adabiyo
[14,15]. Zaryad tashuvchilarning kontsentratsiyasi va harakatchanligeffieti usulida amalga
oshirildi. Olingan ITO gatlamidagi zaryad tashuvchilarining konsentratsiyasi® shf* ga va
harakatchanligiesa 1 *ffj'sitgat eng bodél gan, bu adabiyot ma
1000 nm gacha bo'lgan to'lgin uzunliktiaishaffoflik o'lchovlari shuni ko'rsatdiki, biz olgan ITO
gatlamlarning yorug'lik o'tkazuvchanligi kamida-88% ni tashkil giladi.

Taqgiglangan soha kengligining magnetronli purkash jarayonida quvvatga va purkash vaqti
oralig'iga bog'ligligini o'rganisheg = 3,5 3,6 eV oralig'ida ekanligini ko'rsatdi, bu boshga
tadgiqotchilar tomonidan olingan eksperimental giymatlarga yaxshi mos keladi [5].

Ushbu tajriba natijalari quyidagi xulosaga kelishga imkon beradi: Mir usuli bilan sovuq
substratga go'llaniladigartoi gatlamlari, keyin tavlanadi, fagat kislorod va argonning gisman
bosi mi aniqg pe¢e¢skegrtme tezligiga mos kel gand
substratga magnetron pe¢skerteldeg]ende, naf
balki yog'ingarchilik paytida bu atomlarning holati ham muhimdir.

Shunday qilib, biz shisha tagliklarda MIP usuli yordamida ITO gatlamlarini olish imkoniyati
mavjud ekanligini ko'rsatib berdik. Natijalar shuni ko'rsatadiki, olingan ITO yupga gatlamlari juda
yuqori sifatga ega va ularni quyosh elementlarini va yorug'lik diodlarini ishlab chigarishda shaffof
supero'tkazuvchi gatlam sifatida, shuningdek shaffoflikni ogim bilan birlashtirish zarur bo'lgan
boshga shunga o' xshash maqsadlarda qood6l | ani
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CALCULATION OF THE ON -OFF TIME OF A TUNNEL DIODE BASED ON
THE NOTT AND DE -MASSA THEORY
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Namangan 160103, Uzbekistan.
2Ohio State University, USA.
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In an ea of rapidly advancing technologies, the demand for them is also increasing. Tunnel
diodes are widely used in the construction of space apparatus. Certain space devices require t
reliable storage of data about the studied object or the rapid transno$sidarmation to the
subjectThe tunnel diode plays a crucial role in storing large amounts of data in compact memory
units and transmitting stored information while being protected from various external fields. One
of its key applications is in controlly highfrequency signals. Numerous general analytical
methods have been proposed for calculating the transition time of tunnel diodes. In particular, th
transition time of various heterojunction tunnel diodes depends on the type of materials used ir
ther fabrication.The operating technology and currenitage characteristics of silicdrased
tunnel diodes were examined in the PhD dissertation of Yan Yan. Additionally, Professor J.
Pavlik's doctoral research explored models essential for circuit desiglving tunnel diode
based devices.Today, the total current in a tunnel diode is determined based on the Nott and C
Mass theory. According to this theory, the total curtenta tunnel diode is the sum of the tunnel
currentlT, excess currenk, anddiffusion currentd diff.Algerian researchers Messadi Lotfi and
Dibi Zohir experimentally obtained the characteristics of all currents in tunnel diodes. In their
analysis of experimental results, they relied on the Nott and De Mass theories and intiioeiuced
own new model, called the "Validation" model.
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In this study, we theoretically examined the dependence of the tunnel transition time on
for a tunnel diode.
According to the Nott and De Mass theory, the curuatitage characteristic{\ curve) of
a tunnel diode is determined by the peak value of the tunnel clpremtd the corresponding
voltage b, as well as the minimum currehf and its corresponding voltad§ . These variations

are expressed by equatii).

_ 4 4 —qV 1)
I=1p(5) exp (1 —52) + Iy exp (4,(V — Vi) + o exp (32
The switching time of a tunnel diode can be expressed using the following equation
(Equation 2):
_ (") 2
-)

T
L (1 I;

T
Where is the tunnel switching time arg@lis the diffusion capacitance.
Yands exper i me rbased tummel dpdes pnavided umoiépéxperimental
graphs. Among these graphs, the relationship between the tunnel switching time and-tbe peak
Ip
minimum current ratig» was also included (Figure 1).
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Figure 2. Theoretical confirmation of
the dependence of tunnel switching
time on experimental data.Based on
Y. Yands experim
values of and were selected
accordingly, and when substuted
into Equation (2), an increase in
tunnel switching current was
theoretically observed from state 1 to
state 4 (Figure 2).

Figure 1. Experimental graph of the tunnel
switching time-to-current rati o for a germanium-
based tunnel diode.

It is known that in g junction tunnel diodes, the diffusion capacitance is proportional to the
lifetime of minority chargearriers. Additionally, tunnel diodes introduce the concept of a quality
factor, defined as the ratio of the peak tunnel current to the diffusion capacitance. The smaller th
guality factor, the more efficient the tunnel diode operation.
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In this study, basd on the Nott and Dilassa theory, a significant increase in diffusion
capacitance and electron concentration was observed. It was determined that an increase
diffusion capacitance leads to a change in the quality factor of the tunnel diode. TheeRrfzdri
graph of the relationship between the tunnel switching time and theég@eaikimum current ratio
for germaniurdbased tunnel diodes was compared with the theoretical graph, confirming their
consistency. The tunnel switching time also depends omnektéelds, which can alter the
electrophysical properties of the tunnel diode.
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0 0 "YQU "YTTUNNEL DIODI TUNNELLANISH EHTIMOLLIGINING
POTENSIALTOOSI Q BALANDLI GI GA BOGOLI QLI ¢

M. G. Dadamirzayev, M. O. Kosi mova,
Namangan muhandislgurilish instituti

Kvant mexanikasida tunnellanish ehtimolligi WentkeamersBrillouin yaginlashuvi
yordamida hisoblanadi. WentzkKklamersBrillouin usuli klassik jihatdan tagiglangan sohalarda
tod6l gin funksiyasining eksponensi al kamayi
guyidagicha aniglanadi:

Y Q- 1)
buyerdaw vaw pot ensi al t o6si gkix)tog | agh eng avresk tnour g t: ¢
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Agar, potensial barier balandligv® O nnega teng bool sa, i ni
yoziladi
¢ane . cane

Qo Qw

Q (3)

(2) ni p ifodagaolib borib godysak 6 6 "YQU "Y'@unnel diodi uchun tunnellanish
ehtimolligi uchunquyidagiifodagaegabodamiz.

SR — (4)

(4) ifodadanko@inib turibdiki, 0 6 "Y'QU “Y'®Qnneldiodlariningtunnellanishehtimolligi
potensiakoésiq balandligiva kengligigahamdamoddaturigabogdiq ekan[1]

0006
0005
00044
Tunnellanish ehtim olli =i D.DDS—:'..
0002

00014

1 15 2 25 3
Potensial to'sig balandlizi (T)
[— =104 ----- d=12.4 d=144 —-— d=16.4]|

lrasm. Tunnell anish ehtimolligining

Yugoridagi (4) ifodadan fgdalanib 6 6 "Y'QU "Y"@unnel diodlarining tunnellanish

ehtimoligini potensi al t o 6siq kengl igini
bogdéliqgligini g r@rfafki kodragna | ki o Girfiond abl atdu rki.b di |
osh@ n sar.i tunnell ani sh ehtimol l i gi ekspon
kengligining ham tunnell anish ehtimolligig:
Katta potensi al toosiglarda elkelthi &knlbaron ii b
esa tunnel diodlarning ishlash samarador|l i g
Xususiyatl ari ul arning mikroelektroni ka so
ultratezkor elektron qurilmalarda, pagtvvat sarflaydigan mikrosxemalarda va yuqori chastotali
generatorl arda keng qod6ll aniladi[ 2].

Tunnel di odlarining ishlash samarador |l i gi
bogdélig ekanl i gi ani gl andi . n&lanisheantsnoligi keskino 6 s
kamaydi, bu esa tunnel diodlarining ishlash parametrlarini yaxshilashda muhim ahamiyatga
egaligini kodrsatadi . Bundan tashgqgari, pot
tadsir gqgilishi a roitighilnaijasipa elektronfanigtungellakigh eigimallig i

sezilarli darajada kamayadi, bu esa material tanlashda muhim omil hisoblanadi. Ushbu tadqiqo
natijalari tunnel diodlarning samaradorligini oshirish va ularni turli xil mikroelektronika
quriimalda i da qoo6l Il ash i mkoniyatlarini kengaytir
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THE EFFECT OF ULTRA -HIGH FREQUENCY (UHF) TREATMENT ON THE
RELAXATION CHARACTERISTICS OF PHOTOSENSITIVE METAL -DIELECTRIC -
SEMICONDUCTOR STRUCTURES.

0. O.Mamatkarimov, M. O.Turgunov
Namangan Institute of Engineering and Technology
bmphddsc1991@gmail.com

The study presents the results of investigating the effect of UV radiation on the relaxation
characteristics of Btal dielectrid semiconductor (MDS) structures. The structures were prepared
by dry thermal oxidation of a silicon crystal (crystallographic orientation [101],-BE&t a
temperature of 800AC for 30 minutes. edbmto f or
the Si O surface (control electrode) and th
el ectrode surface area was 0.1 cm]. The pr ¢
at a frequency of 3 GHz for 4 minutes using a 500 W paeerce. To study the relaxation
properties, the isothermal relaxation of capacitance during the formation of the inversion layer
charge in the MDS structures was utilized.

The relaxation dependence obtained for the investigated structures in darkriesguaiey
of 150 kHz and a temperature-df 0 0 A C, after the applied volt
from 12V to 24V, is presented in Figurel.

-

Figure 1. Block diagram of the measurement device

Based on the analysis of the spectrum of deep eevgis localized in the volume of the
semiconductor substrate, performed using the applied method, it was determined that under tr
given order of UV radiation exposure, the concentration of generation centers localized in the
volume of the semiconductsubstrate and the carrier lifetime change only slightly.
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Based on the analysis of changes in the surface state density along the Si bandgap i
structures exposed to external influences, it was determined that the integral density of states ne
the allowedband edges decreases, and its differential density distribution changes.

©2~0 0 <@2<2¢f; 92= 205

Heff

Figure 2. Dependence of electron mobility speed on potential under the influenc
of ultrasound in the Metal-Glass Semiconductor structure
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Figure 3. Distribution of the differential density of surface states in the
investigated structures

The differential distribution of surface state density along the silicon bandgap is presented
in Figure 3. for control structures (curve 1) and structures subjected to UV radiation tteatmen
(curve 2). The conducted studies suggest that comprehensive UV radiation treatment ef silicon
based MDS structures alters the surface state density, leading to a reduction in surface generati
current. A decrease in surface generation current resutsiimcrease in photosensitivity.

Comparison with the results of the previous section shows that pressure and UV radiatior
effects on structures composed ofglkiss and Ssilicon dioxide layers lead to a decrease in
surface state density and slow dowa tbrmation of the inversion layer charge in darkness.

REFERENCES
1. J. N. ReddyTheory and analysis of elastic plates and sH&RC Press, Boca Raton 1999).
2. S. Timoshenko and S. Woinowskyieger, Theory of plates and shell{ElcGraw-hill,
New York 1959.
3. A. R. RzhanitsynConstruction MechanicgHigher School, Moscow, 1982), p. 200.

4. J. N. ReddyMechanics of laminated composite plates and shells: theory and an&@yRzs
Press, Boca Raton,2004).

1



I z®&34¢. CtRIGUSOILRY[OL ARIRSOER 10
JovrtrROJZUN [Tl RIR Juof L] OLR

5. A. V. SachenkovTheoretical and experimental method fardying the stability of plates
and shells Collection:Studies on the theory of plates and sh&l{&&zan Publishing
House, University, 1970).

6. A. V. Sachenkov and A. K. Shalabandwestigation of free vibrations of sector plates and
conical panels byhte theoretical and experimental method Collection: Studies on the theory
of plates and shells azan Publishing House, University, 1972).

7. A. V. Sachenkov and Yu. P. ArtyukhiExperimental solution of problems on free
oscillations and stability of plateand flat shells Collection: Studies on the theory of plates
and shells 67 (Kazan Publishing House,University, 1970).

8. A. D. Kovalenko, Ya. M. Grigorenko and A. A. llyitheory of thin conical shells and its
applications in mechanical engineerifigaukova Dumka, Kiev, 1963), p. 287

Jellrt 11 {euv? CfrsvitRrRY[HESRM vl [BoUul st
V91 s ouvuvrtofrR oS L] JOtLoVvAd 1JCc Aful€

Z.1 . RBBHEEZEZOjesdBtse, B.¢d¢. ¢BHEZGOded Ho, sO.tcy.dxk
s OhCjdalsmCd?2 cectsmikzHOtMmise j dzdz" 2 Isjrdzdud MEd2 Lk da
2, vSQhdzls, vuviLBj SdMlsOdz
E-mail: shakhboz.ibodullayev.92@inbox.ru

$ dzdzts Is OEH ¥ OL O dzts Yybsts Ctoj i3dzd?2 ) dzOdets § zOM s
sBdZOHOjIs o MsC ko GHHHddshsI¥EST & HKEE BOMIEH tcj H
sflsddBkOdz dz' | 1 dzj SlstedyjmMSdj HOOdR ster BOIs j tod
Bdzr " OW Wilstsykemlsedlsj dz detsfyls! , e Bie2dzddg§aly. fir O
tcd HBMISOIsyYdets o ASOWH)R, IsE@IY Jj tedPBGdz ot zQH Oj Is H
slstsykze mMise dlsj dz¢ dztlfifild ' sB3C a3, sif ROPIsdzy v ML HOIS!
stsftedj dBBdzd $d 2O jcets tshmdztsoe § .

sdzg yjor j Sipgzzaagf2, € dzOMilsjtc BOte OdzyO, Wslsts

SsOC dLojMmlsdes o MEbwHdagedadzr BMistfsBldzg On- d o
sfisdud MEts2 MmowiL d o fggpasfddL, & jdsi e lsBtsbiEindifl-23
3] . ] ZOMmisswh jj otejddw ISOCd] Wtlktfftedj didded € d
$3° [4-5-6] . RMf sdzt L s Odzd J E&Blg jd3daff @ dzOs fridats jo Tdsste tisdzdzts
WslsftedJ dgded S tso o k€ OL Odedets?2 & EOdz@sfiffjdsoB J fiafztsSnldstg O
LdagjteejlsdujmMedrn Ltsd .4 SiscBOdRRES?) cf OzBIsj| f tod o 1
L e jtedd3j delsOdzt dzr §j tjL kzdz IsOIsT j fif Usd ~d fryffjjeday H fitsl® 6O dZ
ROdzts ¢ zOMis j OB OlstsdBEtss BOte OdzyO, L otsdws hd,
Wislstsy ted j dsdzd O 1,562 saUBMmis

vifzso dWv HAWW kL ddzdzsets dzj cdteseo OdzgdWw o' Bd t6C
f smdzj dzj ¢ d tstspB dzto®] (Rete0e iy BEIFE Y enif €OF o SO
sSBteOL yoOms dzOB ozt HOJj IsWw MOBOW o MsCOW WElssylkze fr

W W kL dY BOcOdzy® fsotsHddsmh! THL0 750N SR
9 Ikjyjddd 70690 dddkzls fm f§shdl Wkl e fudgd
ftso jtondzsMis! B©BKLOL Yse fsHO jtce OdzOM! dzj 5B n BHC

22 2=

78


mailto:shakhboz.ibodullayev.92@inbox.ru
mailto:sobir-i@mail.ru
mailto:sobir-i@mail.ru
mailto:sobir-i@mail.ru

I z&E31 ¢.

CURIGUSOTLRY]
[ou{{ROJzZuL Ju]R

ot
L R

AR RSOHYR

foof]

19
[J OR

HdzW EHOdzj dad W
dimmdzj H s Odgr
ftofpls Oo dzj dz" o

L CRdsets o jton ddsMisdzse s fydzt

B Is s H 508N datsioldg Sils O da t€dsde@ W j M€ d J

u OB dz.

1v 0B & U@zs o dz |

1.

LdzjSlstedud MEdd

]

f OOd Ister

) VHjdz dg stsdzyj dzl } sHoadx d 1 sdzsy j|uj B J to
Msfteslsd{ v dtsfd| Gecmivdéd |ktetso dgw HdW WL
}, YOm N, cm3 F, eV Tairt A &
1 5A0° 1, 371 96 0,36 1075
6,340° 1, 78A] 55 0,35 1078
3 5,840 1, 61A1 67 0,41 1081
gl JSlstcOdz! dzgOVY L OQadMmddssMmis: Wislststftetseo sHJ d3gtsml
=1, 502 & d3. [BteOLYr f tsd3j " Odiof Mt iy dats et j khgf EO@Iz sl
YistsB ' tsB j Q@ Susfaskz & tsigts{ndelzts iy ls - f OH O PGP IsRs o (
dmMmdzy Hizj i3sd3 HdOY OL tsdzj Hdzddz otsdzdz B' dzd d My tsdz
) YlstsB ’ Zmlstc ©dzd Is f s OH Odzd | Cototsls C 59 5 dzdats ©
dmf sdz! L so Odz Wddz Iste dL fff sa@RdhtstH azd dzdsts2dzM Y tdzps & dzd3j

SCdzsd StdsflsOlO.

o sdzdz Bl lszO 1

10 twdmkzdes | 1

0

1 o d

fcjHMmlsOo dzj dzr

Lstsds Bsh dzsfls !

RS

dL dzz

MfjSkteOd dz j

l=1,562 &BSdB. [Mtej dkdashisd YR o tolsiskkg lyadsss oo
ddzls jtco Oz MY jClbtcO Yslsslsse doijjls dzj bosd ¢
fleddj Mds? VYokssfwsosHddBsmisd, O HOd ME2hyl, ke

fedosHdls ¢

hn=0, 65060, 78

L

dz

d

fedosHdls ¢
SBE©OL,jY BBEOHOjIs fwOCldyj M

LOKBj sdzs B tesfls bk ot sl Gs e G Gy jd fiff

fsefmise j dedzgsets § 5¢ dztsh j dad ™ 615 fi)

MseMise j dedets s  ts6 dztsh j ded ( .

10°4
Iph/ Idark

107

10°

105A‘/o/’,4\‘

10*

T T T T
1,7 1,8 19 2,0

tdm.fLlCkBOd d j LOadmddsmsd slsdshdlsj
©OL dzdydz' 7 Isj B j 6Olk©OR .

T T
1,5 1,6

s 0dzlstso OW 1 WwiejdgwWlsjdlsofrpiats fipdsH d dz d L
soOdzlsso OW 1 WQRETWISd afdag € 0w ( o j dzd yd dzO,

smdzseo dz" » f C
tc Qo dzOW

79



I z®&34¢. CtRIGUSOILRY[OL ARIRSOER 10
JovrtrROJZUN [Tl RIR Juof L] OLR

LOttNY O sBtcOL 8o Odzdz" = ftod Mo jh jdzedd tsBtcOL Yyo,
(Nph).

v 0¢ COC btydssy L dOyjddy SsL¥WdydjdzesO kM
CoOdzlstsor 2 o AatsH o' Yydmdzw dzfipw  tslsdesmdlils j dz' dats € o C
ff dmf tSHf jLds o BsC 5o 52 ykze mise dstf wz] A G af dzj dzgOO to
L O dMdQE fisls'sf tod j d3ded $ O tsls Hdzddgr o tsdzdzer f OH OB N
sB zOMIsd MBMmlse j dedese s ff 56 dzsh jdedwWw fydls Oz  teC

sOC¢ odHdes dL tedMmizd¥ ®Ils RY tate[Q L3k ES 5 e Ergidis ) dzts
ZOdzets C dzOMis j eORd OBFiHE UHROBCOBYOORSOQEY stcw W& @
~25% HBs Hdzd demdo tszdzdztsl 25 %e @n. H &dpdzj ff st dedz'dzw j Is
ftoeddzd Mz yYkoeMmlse dlsj dzt datsfmils! Ctej dGgdedww fp d2Odes¢
or MsC ctcOLtcjh O h dn BOtedyde » Wlstst toed j d3deths 59

251

A
|

1.5 1.6 1.7 1.8 1.9 2.0
/,em

{t gy O&dMddsimis! CoOddstsots? L W% jCIsde

UOCOW OdsdkOd ds o' MESOW ftod ki MdOvw W slsyk
Clojdidz ) dz2OdsC zOMlsj Ok EOwLEOdy0O - .dj ddddOa
5B O 562 &S .

[ disjtcOlskztcO
1. By Sabah K. Bux, Richard G. Blair, Pawan K. Gogna, Hohyun Lee, Gang Chen, Mildred S.
Dresselhaus, Richard B. Kaner, and JBa@ire Fleurial Nanostriiered Bulk Silicon as an
Effective Thermoelectric Material. Advanced Functional Materials, (2009) 19j 2483.
2. vtedh jdzS s [ . ¢ . , v Ok B Cudodg tori.Slsg dzy dz® Y dz® 13 Js 65 ¢
4JGeBHdW Jtof Bo I te@BMISIS tc 5 dzdzOW  Is | AsodrfzCY Qo 5 9 usjHEH(WE
ftcdetster . 2A910. wuw. 31
l . R. wlOWjjoA&/lIls .AJul .l RAIOBtc! ,4126539. | . 10.
l dCIstste . MCtdiCCdptetsdzdz” | S tSBf sdh delsr 2008. - 1. 4
5. Giri Joshi, Hohyun Lee, Yucheng Lan, Xiaowei Wang, Gaohua Zhu, Dezhi Wang, Ryan W.
Gould, Diana C. Cuff, Ming Y. Tang, Mildred S. Dresselhaus, Gang Chen, and Zhifeng Ren

H W

80



I z®&34¢. CtRIGUSOILRY[OL ARIRSOER 10
JovrtrROJZUN [Tl RIR Juof L] OLR

Enhanced Thermoelectric Figuo&Merit in Nanostructured-pype Silicon Germanium Bulk
Alloys. Nano Letters, , (2008) Vol. 8No. 12, 464674.

6. ¢. s. LT EZHISEXOE®] o®, v. .1 EvEHEOs YjedpS &z, A dL .
g. -499.4

7. 1 OR OH' tgn Odzts o [ .s., [ O dzts dzts o 1. X., R O3t
40O Otedzdwv L ts9 O . [ ., vOE)&A§EILY.. ¢. , | 4 Btec.

8. Bakhadyrkhanov M.K., Ayupov K.S., Mavlyanov G.Kllsamov S.B. Negative
Magnetoresistance in Silicon with Manganese Atom Complexes [Mn]4. Semiconductors,
(2010) Vol. 44, No. 9, pp. 114%148.

9. Bakhadyrkhanov M.K., Mavlonov G.Kh., Isamov S.B., lliev Kh.M., Ayupov K.S.,
Saparniyazova Z.M., and TachilinAS.Transport Properties of Silicon Doped with
Manganese via Low Temperature Diffusion. Inorganic Materials, (2011) Vol. 47, No. 5, pp.
479483.

10. Kreissl J., Gehlhoff WElectron Paramagnetic Resonance of the Cluster in Silicon. Phys.
Status Solidi. BV. (1988) 145P. 609.

Bi2(BV')3 VA Sk(BV')s, (BV'- Se Te) ASOSIDAGI BIRIKMALAR NING TUZILISHI

K.l. G dynazarova
Farg ona davlat universiteti

So6ngi yillarda fan va texnikaning keng r
bodél gan t &de@dikaning texnélogiyalar 6oi ¢ h a kel aj akda el
gi linadigan ishlarni keng kodél amini ochib
energiya ob6ézgartirgich asbobl ar, a v-ttegnikasim  t
kabi asbobl arda keng qodl | aekektikmatgridllarini olighu | ar
texmologiyasi turlicha usullarda amalga oshirilsa, bu usullarda olingan materiallarning
xarakteristkalari ham turlicha bodl adi

S h u n g aterkaeléktrik materiallshusul | arning o0o6ziga xo0s

mavjud.Shuning uchunniert gaz bosimi ostid®i,Te, - SRTe, termoelektrik materialini olishi

koorib. oMa@lmimki qotishmaga kiruvchi moddal
tozd i k dar aj asi ham turlicha bodl adi . Bunday
talab darajasidagi xarakteristikani bermaydtiph materiallar uchun vismut telluridi va vismut
selenidning termoe. yu. k. k o eZlafliidaragadae farq gilishv a
mumkinligi sabab, gotishma tarkibi kata ahamiytga ega hisoblanditili nismut telluridi va
vismut selenid qotishmasi termoelektrik parametrlatipp materiallar kabi emas. Bunga sabab,
gotishma tarkibi murakkab kristgdanjaraga ega ekanligi va undagi issiglik o'tkazuvchanligidir.

Vismut telluridi o'zining issiglik o'tkazuvchanligi pastligi tufayli xona haroratida
go'llanilishi uchun asosiy termoelektrik materialdir [1].

Bi2Tes 1 S& kristall strukturasi X1 Bi i X@ 1 Bi i X® ning beshta gatlamlaridan iborat
bodl i b, bunda X Te yoki Se ni I fodal aydi ‘
bildiradi. X o6r ni ni Se e gal.leSg thikibida sarticdpogan bériknma d0siB i
giladi.
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Vismut telluridi, vismut selenidi tetradimit kristalli tuzilishga ega.
XDi Bii X@7i Bii X®

Bu yerda gavs ichidagi ragam ikkita xalkogen (X) joylarini bildirad? Xalkogen atomlari
uchta Bi atomi bilan kovalent bog'langan va boshga uckta atomlaribilan zaifroq Van der
Waals kuchlari bilan bog'langan. Vismut atomlari halkogen atomlari tomonidan oktae@tal, X
atomlari esa Bi tomonidan oktaedraldir.

Bi-XYbogal ani sh kovaXhnotg & cagnéi Isahn iessha, iBoin | i
xalkogeming bog'lanishdagi farqi kristall panjaraning elektr va issiglik xususiyatlariga sezilarli
ta'sir ko'rsatadi.

1-rasm. BixTezSe kristall tuzilishi.

Bu o Ziga hoslik By Tes da tartibga solingan birikma hosib ishiga olib keladi, u gotishma
paytidaxalkogen joyio Zgaradigan chegara nuqtasilib xizmat giladi.

Bi-TeeSe kri stall tuzilishi ol imlari miz t omc
yaqin haroratlarda faza x = 0,5 va x = 1,4 ga yaqin birikmalarga ega bo'lgan ikkita birikmaga
bo'linadi.

n-tipli Bi-Tes Q6 qotishma tizimini shundan ham murakkab kristall tuzilishga ega
ekanligini bilish mumkin.

Qoti shmada vismut migdorini ortishi bilar
Qachonki, rtip va p tipga asoslanadi.Olingan materialning ximatiga bog'liq holda tellurid
vismut asosida turli uslublar bilan ikkilik, uchlik va murakkab birikmalarni olish mumkin. Bu
vagqtda ularning barcha parametrl ariga taobdsi
materiali erishini qayt etmaglikerak: u oksidlanishdan saglanishi zarur; tushib golgan begona
atomlar tigel devorini hodl | amas!l i gi ker ak.
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YASS|I KONDENSATOR MISOLIDA DIELEKTRIK MATERIALLARNING
ELEKTR MAYDONGA TAOGSI RI .

L. A. Abdullayev?, R. X.lbragimov?, D. D. Yusupov
INamangan davlat universiteti
e-mail: raximjon2018@gmail.com

Elektr may d on gooyil gandagi tadsirga mater.
misolida osongina tasavvur etish mumkin.Shunday kondensatorni vakuumda d masofads
joyl ashgan pl astinal ari ga obzgar mas poten
effektlarni hisobga olmay aytish mumkinki-dtektr maydoni plastinalar orasida bir jinsliQa

-kattalikka teng. Aytish kerakki el ektr may
shuninguchur®b el gi Il ash bil an uni todla vekt d, ka"
0, 0. Kodrilayotgdmsxohagampedpengi kul yar vy
kodra plastinal aQ dzaigcih lziagiy anda yadro m-gadvtao@-6 r i
- vakuumda dielektrik kirituvchanlik deyiladi.= 8 , 8'%3FA/1M. Kondensat or si
birlik yuzasigpaGz ar yad zi chligini qobéyid gan kuchl ani

+Q —-Q +HQ+P) —(Q+P)

ok |

1-rasm. Yassi kondensator plastinalaridagi zaryadlarni (a) vakuum xolida va (b)
dielektrik borligida.
Endi plastinalari orasida bizni gizigtirgan materialbbog an x ol nrasmKbp 6 r a

Qodyil gan kuchl ani sh tadsiri ostida mat er
tagsimlanadi. Chunki musbat zaryadlar manfiy elektrodaga tortiladi va manfiylar aksincha
musbatga. Bu hodisaga materialniqutblanislkei y i | adi . Agar materi al i
taodsiri har bir el ementar dV hajmda PdV di
parall el yodénalganlar. Qutblanish P shunday
maydonnimatei al da yuzaga keltirgan yoodnalishga

materialni har bir hajm elementi elektr nuqgtai nazaridan ikkita +@qvaaryadnit masofada
maydon bodyl @ad 0iQeiparaoménhmomentga egaligini anglatagli dipollar
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magneti kl arga odxshab yi goiPlziahtikibilawzaryaellar guzaga o d
keladi. Grin teoremasidan foydalanib, materialda bir jinsli qutblanish P evaziga yuzaga kelgan

maydon chegara sirtga tagsimlangare®&yad maw d | i gi da hosi | bodl gart
ekani ni gatoi vy kodor s at ins dirtdagim wquitdtanishni  noBnal y
komponenetasi . Qutbl ani sh mavjudligi, yoki
elektrodlariga katta zaryad zaxiralash mumkin.shany qi | i b ti zi m sai go
vakuumdagi sigbi mga nisbati material ga bo.
aniqglanadi . Bu nisbat qodyilgan kuchl ani shg

ham uni materialni dielekk doimiysi deyiladi. Vektor belgilashdan foydalanib quyidagicha
olamiz.

-0 b
-0

o
P P

Bu yerda... 0F- ‘O elektrik gabul giluvchilik deyiladi. - Gkattalik materialni siljishi D

deyiladi. U quyidagicha aniglanadi.
0O --0 --0 08

Bu elektr maydonni asosiy tenglamasibodib, izotrop muhitning ixtiyoriy nugtasida
bajariladi - -kattalik materialning absolyut dielektrik kirituvchanligi deyiladi. Yugoridagi
dieelktrik doimiy kirituvchanlik-> deb atash kerak (vakuumdagi dielektrik kirituvchanlikka
ni sbatan). Keyinchali k doimo shu terminni g
boshlanib ularda tugaydi va xatto ikki muhit chegarasida ham uzliksizligi saglanadi. Elektr
maydon esa aksincha, ikki muhit chegarasida ulardagi qutblanishlagiligaqi uchun uzilishga
uchraydi . Qutblani shni mol ekul yar daraj ada ¢
har bir alohida molekuladepe | ekt r di pol ni i ndutsirl as®hdar
mahal l iy kuchl anganldb giQg a iprdparsipballik doefitbiyerdiri a d i
molekulani qutblanuvchanligi deyiladi. Izotrop molekulalar uchun shu bilan birga inert gama
bir atomli mol ekul al ar i uchun ham indutsir]l
yoonal i shi bilan mos kel adi

+Q -Q HQ+P) —(Q+P)

(Chunki | ok al maydon, keyinchali k kobrib
proporsionalép @ £ £8D4p . Birlik hajmni tod6la dipol n
nomol ekul al a® 6p@iga bogoliq

Kodop xoll arda mol ekul al ar anizatrop va

yoonali shiga bogoéliqligliskhunashgiut maydamg
kelmaydi.
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SIZE-DEPENDENT ENERGY LEVELS AND BAND GAPS

N. M. Komilova
Fergana State University

Quantum dots are nanostructures where carriers (electrons and holes) are confined in a
three dimensions, leading to quartiznergy levels that are sidependent. These semiconductor
guantum dots exhibit unique electronic properties, making them important for various
technological applications, including optoelectronics and nanophotonics.

The nanostructures in which the ¢ars (electrons and holes) are confined within nanometer
sized regions in all three dimensions are called quantum dots. Although such a confinement ca
he effected in semiconductors as well as metals and ceramics, the term quantum dot is mot
commonly resered for the semiconductor particles. A nanopatrticle of a semiconductor, few num
in size, covered with a layer of a higher band gap semiconductor, is an example of a quantum do
Such structures can be fabricated by colloidal chemistry, lithography @itbyial growth. In the
first case the quantum dots are free standing while in the latter two, the quantum dots are fabricate
into arrays on a substrate. In this section we discuss the semiconductor quantum dots in some det
because they are an impoitatass of nanostructures.

A quantum dot has to be small enough such that the separation between its energy leve
exceedsQ"Y otherwise the discreteness of the energy levels is smeared out as the thermal energ
would be sufficient to excite the electsoto higher energy levels. At room temperature (300 K)
Q'Y ¢ ¢ ‘Q&As a rule of thumb, the separation between the energy levels shoul b 3e

spacing between the energy lev¥€) varies as-. Calculations show, for example, that foAs

the size of the quantum dot should not be larger than 20 nm.

Thelower limit to the size of the quantum dot is fixed by the requirement that at least one
electron must be contained in it. This lower critical size is telatively large for semiconduactors
comparison to metals and insulators. The optimum size for an InAs quantum dot, for example, is
between 4 and 20 nm.

The energy levels in a quantum dot are quantized like in an atom, the difference being tha
in a quantum dot the separation betweendhergy levels is smaller than that in the atoms;
moreover, this separation depends on the size of the quantum dot,the smaller quantum dots havi
a larger separation between the energy levels.

85



I z®&34¢. CtRIGUSOILRY[OL ARIRSOER 10
JovrtrROJZUN [Tl RIR Juof L] OLR

Figure. 1 compares the E vs. k dispersion relations folkealbd a quantum dot. In thoeilk
solid, the points are so closely space the E vs. k curve that the curve is quasicontinuous. In th
qguantum dotthere are discrete and well separated energy levels, with the lowest energy (the zerc

point energy) being diffrent from zero. As a result, the hand gap between the lowest energy levels
for the electrons and holes is larger in a quantum dot than in the bulk.

Fig. 1. Compurison of the dispersion (E vs K) relations for bulk semiconductor anc
a quantum dot. In the bull the states are quasicontinuous and are shown by the
continams parabola. In a quantum dot, the states are discrete as shown by the points ¢
the parabola. The band gap for the quantum dot is larger than that for the bulk.

The band gap for the quamt dot is equal to the sum of the bulk band gap and the
confinement energy for the electron and the hole. The confinement energy is given by
0
ca zZa
where ni is called the reduced mass of the exciton and is related to the nfabseslectron
and the hole by the relain

PP P
az a a

In addition to the two terms mentioned above, there is a third term which also contributes to
the band gap. This is the Coulombic attraction between the hole and the eleciogiee by.

PEIQ

¢ - «Q

O

The expression for the band gap of a
guantum dot can then be writtaa

(o) 0 0 +0 0 8

Because of the invers@ dependence, the positive term is dominambwatvalues of dand
the band gap increases as the size of the dot decreases.

The band gap of semiconductor quantum dots can be estimated from their absorption spectr
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