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Yarimo’tkazgich moddalariga asoslangan konvertorlarni ishlab
chigishda va uning asl parametrlarini saglanishini o’rganish xossalari.

0.0. Mamatkarimov?, B.X.Quchgarov?, A.A.Xolmirzayev?, M.A.Ergashev?, A.A.
Xolmirzayev

INamangan muxandislik-texnologiya instituti.
2lmpuls tibbiyot instituti
3Namangan davlat universteti

Annotatsiya: Yarimo’tkazgich moddalariga asoslangan konvertorlarni ishlab chigishda III-Sb
birikmalari (AlISb, GaSb, GalnAsSb) asosidagi, elektr parametrlarini saglab qolgan holda, issiqlik ta’sir-
larini uzatishni sezilarli darajada o’rganish, eng muhim xisoblanadi. Bu holda eng murosasiz ko’rinish-
dagi yuqori hajmli konsentratsiyaga ega bo'lgan nanokristallar termojuftlikning asosiy matritsasi
xisoblanadi. Bunday tuzilmalarni shakllantirish uchun mos materiallardan biri galyum antimoniddir.
Ushbu birikma to'g'ridan-to'g'ri kavakli yarimo'tkazgich xisoblanadi. Tarmoq oralig'i 0,72 eV va yuqori
tashuvchining harakatchanligi bilan (5000 sm2V-1C-1 bilan 300K da), material yugori elektron hara-
katchanligi bo'lgan tranzistorlarda va infira gizil spektriga yaqin optik qurilmalarda go'llaniladi. Bundan
tashgari, ommaviy GaSb yuqori Seebek koeffitsienti va 700-900 K mintagasida nisbatan past issiqlik
o'tkazuvchanligiga ega ekanligi ko'rsatdi, bu holat esa materialni termoelektrik nugtai nazardan istig-
bolli xisoblanadi. Qoida tarigasida, birikma galin plyonkalar (>100 nm) yoki turli stexiometrik nis-
batlarga ega Ill-Sb birikmalari (AlISb,GaSh,GalnAsSb) asosidagi super panjaralar shaklida hosil bo'ladi.

Qoida tarigasida,birikma qalin plyonkalar(d>100nm) yoki turli stexiometrik nisbatlarga ega IlI-
Sb birikmalari (AISb, GaSb, GalnAsSb) asosidagi superpanjaralar shaklidahosil bo'ladi. Kremniy va
GaSb panjara konstantalari o'rtasidagi homuvofiglik12%ni tashkil etib, bu nanometr qalinlikdagi
plyonkalarning shakllanishiga to'sqinlik giladi, lekin polikristalli kremniy yuzasida ham nanokristal-
larning o'sishiga yordam beradi. Bu xususiyat kremniy va GaSbh nanokristallarining yugori hajmli kon-
sentratsiyaga ega monolitik integratsiyalashuvi uchun imkoniyatlarni ochadi. Ikkala material ham
termoelektrik materiallari tomonidan ilgari surilgan shartni gondiradi.

Kalit so’zlar: vismut, surma, selen, tellur, konvertor, termojuftlik, detector, termofotovoltaik, stex-
iometrik.

Kirish. Past haroratli termojuftlar uchun bugungi kunda vismut, surma, selen va tel-
lurga asoslangan birikmalar (BST va BTS birikmalarini) taqdim etadi. Yuqgori termoelektrik
harorat ko'rsatkichga garamay bunday birikmaga asoslangan modullarning keng tijorat
magqsadlarida go'llanilishi elementlarning yuqori narxi va toksikligi bilan murakkablashadi.
Silikon bunday kamchiliklardanmahrum shuningdek igtisodiy jihatdan samarali va ko'plab
elektron qurilmalarda keng qo'llaniladi. Birog, yugori issiglik o'tkazuvchanligi tufayli past
termoelektrik ko'rsatkich uning keng qo'llanilishiga to'sqinlik giladi. Termoelektr generato-
rining ishlashi to'g'ridan-to'g'ri elektr xususiyatlariga bog'liq va teskari issiglik o'tkazuvch-
anligiga ega. Silikon keng harorat oralig'ida elektr parametrlarida raqobatbardosh ko'rsatkich-
larninamoyish etadi. Biroq, kremniyning yuqori issiglik o'tkazuvchanligi uning kengqo'lla-
nilishiga to'sginlik giladi.

Ishning magsadi. Yarimo’tkazgich moddalariga asoslangan konvertorlarni ishlab
chigishda kremniy, uning asl elektr parametrlarini saglab qolish, eng muhimi issiglik uza-
tishni sezilarli darajada murakkablashtiradi. Bu holda eng murosasiz ko’rinishda yuqori
hajmli konsentratsiyaga ega bo'lgan nanokristallar termojuftlikning asosiy matritsasi hisobla-
nadi. Bunday tuzilmalarni shakllantirish uchun mos materiallardan biri galyum antimoniddir.
Ushbu birikma to'g'ridan-to'g'ri bo'shligli yarimo'tkazgich bo'lib,tarmoq oralig'i 0,72 eV
va yugori tashuvchining harakatchanligi bilan (5000 sm?-V1-C? bilan 300 K da), material
yuqori elektron harakatchanligi bo'lgan tranzistorlarda va infira qizil (1Q) spektriga yagin
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optik qurilmalarda qgo'llaniladi: lazer diodlari, detektorlar, foto va termofotovoltaik hujay-
ralar. Bundan tashgari, ommaviy GaSb yuqori Seebek koeffitsienti va 700-900 K mintagasiga
nisbatan past issiglik o'tkazuvchanligiga ega ekanligi ko'rsatdi, bu holat esa materialni ter-
moelektrik nuqtai nazardan istigbolli giladi. Qoida tarigasida, birikma qalin plyonkalar
(d>100 nm) vyoki turli stexiometrik nisbatlarga ega IlI-Sb birikmalari (AISb, GaSb,
GalnAsSb) asosidagi super panjaralar shaklida hosil bo'ladi. Kremniy va GaSb panjara kon-
stantalari o'rtasidagi nomuvofiglik 12% ni tashkil etib, bu nanometr galinlikdagi plyon-
kalarning shakllanishiga to'sginlik giladi, lekin polikristalli kremniy yuzasida ham nano-
kristallarning o'sishiga yordam beradi. Bu xususiyat kremniy va GaSb nanokristallarining
yuqori hajmli konsentratsiyaga ega monolitik integratsiyalashuvi uchun imkoniyatlarni
ochadi. Ikkala material ham termoelektrik materiallari tomonidan ilgari surilgan shartni qon-
diradi - tarmogqli bo'shlig'i (=10 kVT).Galliy antimonidning kremniyda hosil bo'lishi galin
plyonkalar va ochilmagan satxlar asosidagi ko'p gatlamli birikmalar nugtai nazaridan bata-
fsil ko'rib chiqildi. Shu bilan birga GaSb nanokristallarining kremniy bilan monolitik in-
tegratsiyalashuvi xususiyatlari yaxshi yoritib berdi. Si/NC va GaSb/Si geterostrukturasi
kremniy mikro-termoelektrik getrostrukturalarni yaratish sohasida istigbolga ega. Bunday
materiallarga asoslangan konvertorlar termalyuklangan foto va termofotovoltaik bilan bir-
lashtirilishi mumkin.

Termoelektrik effektlar-harorat gradienti va gattiq jismdan o'tadigan elektr toki o'r-
tasidagi munosabatni o'rnatadigan hodisalar to'plami. Seebek effekti (harorat gradienti
ta'sirida potentsial fargning paydo bo'lishi, 1a-rasm),Peltier effekti (Zebek effektining aksi:
elektr tokini o'tkazishda harorat gradientining paydo bo'lishi, 1b-rasm) va Tompson ef-
fekti (to'g'ridan-to'g'ri ogim o'tganda notekis isitiladigan o'tkazgichda issiglikning
chigishi yoki yutilishi).

issiqlik manbai 6 sovutish maydoni

SSSSS .T+AT

n

issiqlik oqimi
issiqlik oqimi

° ° Ty

Seebek effekti Peltier effekti

I radiator

joriy

1-rasm. Seebek (a) va Peltier (b) termoelektr effektlarining tasviri

Amaliy nuqgtai nazardan, Seebeck va Peltier effektlari gizigarli. Bundayrejimlarda konvertor-
larning ishlashi ancha past, ajoyib materiallar ~10% samaradorlikni namoyish etadi. Peltier
sovutgichlari hozirda yugoriixtisoslashgan korxonalarda faol foydalanilmogda yo'na-
lishlar: mikroelektronika Va  optik texnika. Keng Seebeck generatorlari va Peltier so-
vutgichlarining tijorat tagsimotiga past samaradorlik va ishlatiladigan materiallarning
yugori narxi to'sqinlik giladi.

Generator rejimida termoelementning samaradorligi (Seebek effekti) quyidagi ifoda bilan
aniglanadi:
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Termofotovoltaik konvertorlar Protsesssor chipi bilan birlashtirilgan Konvertorlar

n Fotovoltaik hujayralar EEEEN poytativ elektronika, tibbi stimuuuulyatoriar.Internet narsalar sensor

2-rasm. Termoelektrik konvertor samaradorligining sifat omiliga bog'ligligi.Qattiq chiziglar past haroratli
konvertorlarga (500 K gacha) bog'liglikni ko'rsatadi.

1-rasmda konvertor samaradorligining uning sifat omiliga bog'ligligi ko'rsatilgan (1-for-
mula). Chigindilarni issiglikning harorat diapazoniga ko'ra, TEClar past haroratli (<500 K),
o'rta haroratli (500-930 K) va yuqori haroratli (>930 K) konvertorlarga bo'linishi mumkin.
O'rtacha harorat oralig'idagi issiglik manbalariga yonish mahsulotlarini olib tashlash tizim-
lari, o'choq sovutish davrlari kiradi. Yuqori haroratli konvertorlar pechlar va yonish ka-
meralari bilan bevosita alogaga keltiriladi. Shunday qilib, 700 K issiq haroratda va 400 K
gradiendda o'rtacha harorat konvertori 1 sifat koeffitsientiga ega bo'lgan generatorning
samaradorligi 10% ga baholandi. Keng tijorat magsadlarida foydalanish uchun sifat koeffit-
sienti 4 ga yetishi kerak, bunda samaradorlik 20% ni tashkil giladi. So'nggi o'n yil ichida sifat
omili 2 gaoshdi 8% nodir materiallar ZT>1,7 ni ko'rsatadi (1-jadval). Istigbolli termoelekt-
rik tizimlarning parametrlari. Maksimal termoelektrik ko'rsatkich (ZT), parametrlar qayd
etilgan harorat oralig'i (T), solishtirma o'tkazuvchanlik (s), Seebek koeffitsienti (S), ulardan
hisoblangan quvvat koeffitsienti (PF), issiglik o'tkazuvchanligi (k) va zaryad tashuvchilaring
konsentratsiyasi (n).

1-jadval
Tasniflash | ZT T,K o.tem? | so0tct | SoMBrutK? |k BrwhK | nx10%en
BiXsz.
«Tes(BST) | 1.8-1.9 | 270-320 340-650 242-271 2,5-3,8 0,4-0,65 1.2
CupSe 2.6 1030 250 250 1.6 0,6 20
Ag. 2.6 ~570 150 ~300 1.4 ~0,4 2
bexTe1+x
GeTe 1.8-2.4 | 600-800 ~360 ~270 2.6 0,75-1 15
SnSe 1.7-2.8 | 773-873 41-75 -477/+345 0.9 0.25-0.55 0.5
PbTe 1.7-2.5 | 750-923 ~230 ~295 1,6-2,7 ~0,8 16
Skutteru- 1.8 850 1200 -210 5.3 2.55 57
ditlar
SnTe 1.9 929 ~890 160 2.3 1.16 40
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Formulada tahlilidan termoelektrik inshootlarning samaradorligini oshirish strate-
giyasini kuzatish mumkin: quvvat omilining oshishi va issiglik o'tkazuvchanligining pasay-
ishi. Texnologik bosgichda o'zgarishi oson bo'lgan tashuvchilarning quvvat omili va issiglik
o'tkazuvchanligiga ta'sir giluvchi muhim parametr - tashuvchilarning kontsentratsiyasi. Aso-
siy termoelektrik parametrlarning konsentratsiyaga bog'ligligi 3-rasmda ko'rsatilgan.
Tashuvchi konsentratsiyasining ta'siriPFVakchizigli bo'lmagan, bu tanlovni murakkab-
lashtiradi optimal giymat. Optimal, odatda yuqori konsentratsiyaga ega bo'lgan ba'zi bir
hudud mavjud, bunda ZT maksimaldir.

Izolyatorlar Yarimo'tkazgichlar Metallar
S ZT G
-
3-rasm.Termoelektrik ko'rsatkichni (ZT) aniglay- 4-rasm.O'rnatilgan nanokristalli nanostrukturali krem-
digan asosiy termoelektrik parametrlarning (S - See-  niy asosidagi namunalarning kesma tasvirlari a) BN-
bek koeffitsienti, s - solishtirma o'tkazuvchanlik, k - bor nitride va b) titan disilisid.

issiglik o'tkazuvchanligi) tashuvchilarning konsen-
tratsiyasiga bog'ligligi (sm)

Sifat omilini boshgaradigan yana bir parametr - birikmaning tarmogli tuzilishi. Ko'p
komponentli eritmaning stexiometriyasini o'zgartirib, keng diapazonda tarmoqgli bo'sh-
lig'ini o'zgartirish mumkin. Tarmoq kengligi kompensatsiya bilan birga bo'lgan bipolyar
o'tkazuvchanlikni bostirish va asosiy tashuvchilarning kontsentratsiyasini optimallashtirish
uchun muhimdir, uning ortigcha qgiymati termolektrik-EMFni bostiradi va tashuvchilarn-
ing issiqlik o'tkazuvchanligini oshiradi. Ba'zi birikmalardagi stexiometriyaning o'zgarishi
energiya cho'ntaklarining o'zaro joylashishining haroratga bog'ligligiga ta'sir giladi, bu esa
tashuvchilarning elektr transportiga go'shimcha hissa qo'shadi, quvvat omili va ZT ni os-
hiradi. Matritsa va aralashmalar tarkibini to'g'ri tanlash gibridlanish tufayli holatlarning
zichligini o'zgartirishga imkon beradi. Bu orbitallari ko'p bo'lgan elementlarning yadrola-
rida ko'proq namoyon bo'ladi.Elektr transportiga eng anig hissa Fermi darajasiga yagin
joylashgan davlatlar tomonidan go'shiladi. Nopokliklarga go'shimcha ravishda, rezonans da-
rajalari vakansiyalar tomonidan yaratilishi mumkin.

_ Pmax
P A-(AT)? (2)

Sifat omilini oshirishning yana bir murakkab vazifasi - bu elektr transportiga sezilarli
zarar etkazmasdan issiglik o'tkazuvchanligini kamaytirishdir.Issiglik o'tkazuvchanligi
kristall strukturaning mukammalligiga bog'liq bo'lib, nanostruktura uchun keng imko-
niyatlar ochadi. Qusurlarni o'lchamlari va fonon spektriga ta'siriga ko'ra ajratish mumkin.
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Nugta (nol o'Ichovli)larga aralashmali atomlari (interstitsiallar va almashtirishlar), vakan-
siyalar, kvant nuqtalari va matritsaning izotopik tarkibi kiradi.

Muhandislik nuqgtai nazaridan nugta nugsonlarini hosil gilishning eng qulay usuli bu
aralashmalarni almashtirish atomlarini kiritishdir, chunki ularning hosil bo'lish energiyasi
ancha past. Aralashmali atomlari tomonidan fononlarning targalishi, aynigsa, agar atom
zanjirida engil va og'ir elementlar birgalikda mavjud bo'lsa, yaggol namoyon bo'ladi. Bu
almashinish tebranishlarga anharmoniklikni keltirib chigaradi va deformatsiya potentsia-
lini o'zgartirib, og'ir atomlar atrofida kuchlanish maydonini hosil giladi. Interstitsial atom-
lar tarmoqgdagi zaryad va kuchlanish tashuvchilarning nugta manbai bo'lib xizmat gilishi
mumkin. Issiglik o'tkazuvchanligini pasaytirishva elektr parametrlarini optimallashtirishga
kovaklar kiritish orgali erishish mumkin. Kremniyga asoslangan plyonkali kon-
struksiyalarning termoelektrik xususiyatlarini o'rganish nanometr qalinlikdagi bir kristalli
kremniy plyonkalari, polikristalli kremniy, kremniy-germaniy, silisidlar va ba'zi istigbolli
termoelektrik birikmalar. Ro'yxatda keltirilgan adabiyotlarda silikon texnologiyasiga mos
keladigan sintez usullari ko'rib chiqgildi. Sintez va integratsiyaning soddaligiga garamay,
plyonkali mikro-TEG lardan foydalanishularning ishlashi uchun uzunlamasini harorat gra-
dientidan foydalanishi bilan cheklanadi. Kremniy strukturasining mugqobil yo'nalishi issiglik
o'tkazuvchanligini kamaytirish uchun matritsaning asosiy gismiga nano o'lchamdagi kris-
tallarni kiritishda. Olib borilgan taqqiqot ishlar kremniyning issiglik o'tkazuvchanligi-
ning sezilarli darajada pasayishini 6,3 Vt-m-K ga ko'rsatdi. Kremniy va kremniy- germaniy
matritsasiga bor nitridi kukuni go'shilishi tufayli kam elektr parametrlariga garamay (ha-
rakatchanlik 15 sm?-V-1-C? va Seebek koeffitsienti 70 mkV-K™?) va mos keladigan termo-
elektrik ko'rsatkich (300 K da~0,02), ushbu natijalarni ko’rsatdi.

Xulosa o’rnida shuni aytishimiz mumkinki. Qattiq fazali epitaksiya usulidan foydalanib,
umumiy qoplamasi 1,5 va 2,6 monogatlamli galliy va surmaning stexiometrik aralash-
masidan kremniyda yuqorikonsentratsiyali GaSb nanokristallari massivini hosil gilindi.
GaSb nanokristallarining termal barqgarorligini o‘rganildi. Kremniy matritsasi va GaSb na-
nokristallari o'rtasidagi epitaksial alogalarni,shuningdek Si/GaSb nanokristal interfeysining
xususiyatlarini o'rnatish. Hosil bo'lgan geterostrukturalarning termoelektrik xossalarini
o'rganing: solishtirma o'tkazuvchanlik, Seebek koeffitsienti, issiglik o'tkazuvchanligi asosida
tasirlarni o’rganib tajriba ishlariga mos ekanligi kuzatildi.

Foydalanilgan adabiyotlar:

1. 0.0. Mamatkarimov, B.H. Kuchkarov, N.Yu. Sharibaev, A.A. Abdulkhayev “Influence Of The Ultrasonic
Irradiation On Characteristic Of The Structures Metal-Glass-Semiconductor” European Journal of Molecular & Clin-
ical Medicine 2021/1/1 8/01 str 610-618.

2. B.Kh.Kuchkarov, O.0.Mamatkarimov. “Influence of ultrasonic action on the rate of charge formation of the
inversion layer in metal-glass-semiconductor structures” Vestnik KRAUNC. Fiziko-Matematicheskie Nauki 2019 y
29/4 str 125-134.

3. S.1. Vlasov, A.V. Ovsyannikov, B. Kh. Kuchkarov “Influence of thermo cyclic treatments on SiO,-Si inter-
face properties in Al-SiO,-n-Si structures” Uzbekiston Fizika Zhurnali 2012 y 14/1 ctp 20-22.
4. B.X. Kyukapos “BinusHue yibTpa3ByKOBOIO BO3ACHCTBHS HA CKOPOCTh ()OPMHUPOBAHUS 3apsia HHBEPCHOH-

HOTO cJI0S B CTPYKTYpax MeTtan-cTexsio-mosaynpoBogHuk Bectauk KPAVHI[” ®usuko-mMaTeMaTHUecKHe HAyKH
2019y 29/4 ctp 125-134.

5. B.Kh. Kuchkarov, 0.0 Mamatkarimov, A.A. Abdulkhayev “Relaxation dependence of the capacity of a
three-layer structure in the process of charge formation of an inversion layer” Scientific and Technical Journal of
Namangan Institute of Engineering and Technology 2019 y 1/6 str 26-33.

6. S. Zaynobiddinov, B.Kuchqarov “Development of effective methods of teaching theoretical electrotechnics
Web of Scientist” International Scientific Research Journal 14/4/2022 y 3/4 str 431-437.

C6opHuk cmamel MexdyHapoOHOoU Hay4HO-Mpakmu4yeckol KoHghepeHyuu no «MonynposodHukoeasi onmo- u
HaHO3JIeKMPOHUKa, ajlbmepHamueHble UCIMOYHUKU 3Hep2uu U ux nepcrnekmuebi» AHOuXaH, 12-13 okmsibpsi 2023 200a


https://www.ejmcm.com/article_6537_5111f6fab3726e29645092f0d0e8aebd.pdf
https://www.ejmcm.com/article_6537_5111f6fab3726e29645092f0d0e8aebd.pdf
https://www.mathnet.ru/eng/vkam376
https://www.mathnet.ru/eng/vkam376
https://inis.iaea.org/search/search.aspx?orig_q=RN:44041795
https://inis.iaea.org/search/search.aspx?orig_q=RN:44041795
https://cyberleninka.ru/article/n/vliyanie-ultrazvukovogo-vozdeystviya-na-skorost-formirovaniya-zaryada-inversionnogo-sloya-v-strukturah-metal-steklo-poluprovodnik
https://cyberleninka.ru/article/n/vliyanie-ultrazvukovogo-vozdeystviya-na-skorost-formirovaniya-zaryada-inversionnogo-sloya-v-strukturah-metal-steklo-poluprovodnik
https://namdu.researchcommons.org/journal/vol1/iss6/5/
https://namdu.researchcommons.org/journal/vol1/iss6/5/
https://wos.academiascience.org/index.php/wos/article/view/1250

Scientific Bulletin Physical and Mathematical Research (Special Issue) 7

7. B. Kuchkarov, A. Abdulkhayev “Factors providing the efficiency of semiconductor lazers” Scientific and
Technical Journal of Namangan Institute of Engineering and Technology 2022 y 3/5 str 48-52.

8. Sl Vlasov, FA Saparov, B Kh Kuchkarov *“ Effect of the semiconductor-insulator interface on the character-
istics of the metal-insulator-semiconductor structures ” Uzbekiston Fizika Zhurnali 2009 y 11/3 ctp 203-206.

9. B.H. Kuchkarov, 0.0. Mamatkarimov, A.A. Abdukarimov, A. Khalmirzayev, and D.M. Mirtojiyeva “In-
fluence of All-Round Compression on Formation of the Mobile Charge in Lead-Borosilicate Glass Structure” AIP
Conference Proceedings 2432, 030039 (2022); https://doi.org/10.1063/5.0089980 2432, 030039 © 2022 Author(s)..
10. B.X. Kyukapos, M. Kaxapos “MAII-cTpyKTypa # yIbTpa3Byk~ DkoHOMHKA U coumym 2019 r. 12/ (67) ctp
623-626.

11. D.E. Nazirov, S.I. Vlasov, B. Kh. Kuchkarov, K.U. Bobokhuzhaev “Influence of gadolinium on the electric
properties on the interphase boundary of silicon-silicon oxide” Science and world 9/2013y 12/88 str 26-28.

12. 0.0. Mamatkapumos, P.X. Xamumos, P.I'. )Ka60opos, V.A. Tyiuues, b.X. Kyukapos “PenakcaiinoHubie
HU3MCHCHUS NMNOABMXXHOCTH W KOHIICHTpPAIIUHU HOCHTEJIEH 3apsaaa B Sic FJ'IV6OKI/IMI/I IIPUMECHBIMHU YPOBHAMMU TIPHU BO3-

JeHCTBUY UMIYJIbCHOTO NaBieHus” Puzndeckas HHXeHepus noBepxHoctu 2012.

13. B. X. Qo’chqgarov, A. Nishonov, X.0. Qo’chqarov “The effect of tunneling current on the speed surface
generation of charge carriers” Scientific Bulletin of Namangan State University 2019y 1/7 str 3-6.

14. B.Kuchkarov. O. Mamatkarimov, A. Abdulkhayev, ICECAE IOP Conf. Series: Earth and Environmental
Science 614 012027 “Influence of the ultrasonic irradiation on characteristic of the structures metal-glass-semicon-
ductor”, (2020) y. Paper ID 116.

15. B.X. Qo’chqarov, A.Nishonov, X.0. Qochqgarov, Scientific bulletin of Namangan State University, “The
effect of tunneling gurrent on the spedd surface generation of charge garries”, (2020)y. 1(7), 3-6.
16. S. I. Vlasov, D. N. Nazirov, B.K. Kuchkarov, K.U. Bobokhujayev, “Influence of all-round compression on

formation of the mobile charg in lead-borosilicate glass structure”. “Uzbekiston Fizika Zhurnali”, (2014) y. 3(16),
231-233.

17. B.Kh. Kuchkarov, O.0. Mamatkarimov, “Influence of ultrasonic action on the rate of charge formation of
the inversion layer in metal-glass-semiconductor structures” Vestnik KRAUNC. Fiziko-Matematicheskie Nauki,
(2019) y. 4(29), 125-134.

18. S.I. Vlasov, A.V. Ovsyannikov, B.K. Ismailov, B.H. Kuchkarov, Effect of pressure on the properties of Al-
Si02-n-Si<Ni> structures. “Semiconductor Physics Quantum Electronics & Optoelectronics”, (2012) y. 2(15), 166-
169.

19. S.1. Vlasov, D.E. Nazyrov, B. Kh. Kuchkarov, K.U. Bobokhujayev “Influence of all-round compression on
formation of the mobile charge in lead-borosilicate glass structure” Uzbekiston Fizika Zhurnali 16/3 ctp 231-233.
20. S.1. Vlasov, F.A. Saparov, B. Kh. Kuchkarov “Effect of the semiconductor-insulator interface on the charac-

teristics of the metal-insulator-semiconductor structures” Uzbekiston Fizika Zhurnali 2009 y. 11/3 str. 203-206.

21. B.T.Abdulazizov, G.Gulyamov, P. J. Baymatov, Sh. T. Inoyatov,M. S. Tokhirjonov and Kh. N.
Juraev//Peculiarities of the Temperature Dependence of the Chemical Potential of a Two-dimensional Electron Gas
in Magnetic Field// SPIN Vol. 13, No. 1 (2022) .pp (2-7), https://doi.org/10.1142/S2010324722500023.

22. B.T. Abdulazizov/Cyclotron mass of an electron in strong magnetic fields in a wide InAs quantum well/
Eurasian Journal of Physics and Functional Materials (2022), 6(1), pp 32-37, doi.org/10.32523/ejpfm.2022060103.
23. G.Gulyamov, B.T.Abdulazizov, P.J.Baymatov.Three-band simulation of the g-factor of an electron in an

InAs quantum well in strong magnetic fields .Journal of Nanomaterials ,VVolume (2021), Article ID pp (559-
563), https://doi.org/10.1155/2021/5542559.

24, P.J. Baymatov, B.T. Abdulazizov. Concentration dependences of the electron effective mass , Fermi enerjy,
and filling of subbands in doped InAs/AISb quantum wells. Ykpaurckuit ®usugeckuii Kypruan. Ukr. J. Phys.2017.
Vol. 62, No. 1, ctp 46-50 , https://doi.org/10.15407/ujpe62.01.0046.

25. G Gulyamov, BT Abdulazizov. On the thermodynamics of a two-dimensional electron gas with non-para-
bolic dispersion. World Journal of Condensed Matter Physics.pp 294-299. doi: 10.4236/wjcmp.2016.64028.

C6opHuk cmamel MexdyHapoOHOoU Hay4YHO-Mpakmu4yeckol KoHghepeHyuu no «MonynposodHukosasi onmo- u
HaHO3JIeKMPOHUKa, ajlbmepHamueHble UCIMOYHUKU 3Hep2uu U ux nepcrnekmuebi» AHOuXaH, 12-13 okmsibpsi 2023 200a


https://namdu.researchcommons.org/cgi/viewcontent.cgi?article=3029&context=journal
https://inis.iaea.org/search/search.aspx?orig_q=RN:41042959
https://inis.iaea.org/search/search.aspx?orig_q=RN:41042959
https://cyberleninka.ru/article/n/mdp-struktura-i-ultrazvuk
http://en.scienceph.ru/f/science_and_world_no_12_88_december_vol_i.pdf#page=28
http://en.scienceph.ru/f/science_and_world_no_12_88_december_vol_i.pdf#page=28
http://dspace.nbuv.gov.ua/handle/123456789/101880
http://dspace.nbuv.gov.ua/handle/123456789/101880
http://dspace.nbuv.gov.ua/handle/123456789/101880
https://core.ac.uk/download/pdf/285998969.pdf
https://core.ac.uk/download/pdf/285998969.pdf
http://www.mathnet.ru/eng/vkam376
http://www.mathnet.ru/eng/vkam376
https://inis.iaea.org/search/search.aspx?orig_q=RN:46129805
https://inis.iaea.org/search/search.aspx?orig_q=RN:46129805
https://inis.iaea.org/search/search.aspx?orig_q=RN:41042959
https://inis.iaea.org/search/search.aspx?orig_q=RN:41042959
https://doi.org/10.1142/S2010324722500023
https://doi.org/10.32523/ejpfm.2022060103
https://doi.org/10.1155/2021/5542559
https://doi.org/10.15407/ujpe62.01.0046
https://www.scirp.org/journal/paperinformation.aspx?paperid=72088
https://www.scirp.org/journal/paperinformation.aspx?paperid=72088
http://dx.doi.org/10.4236/wjcmp.2016.64028

