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EIII OJTMMJIAP BA ®U3UK TAJTABAJIAPHUHT
V PECITYBJINKA WJIMMA AHXKYMAHHA (EO®TPHA-V)
Tomkent 2025 #iun, 3-4 anpensb

Uz-Ppss

MYHIAPUXA

I IIYBBA. APUMYTKA3TUUJIAP ®U3UKACH BA SPUMYTKA3THUJIAP
MATEPUAJIITIYHOCJIUTU MYAMMOJIAPU

A.T. Mamadalimov, D.E. Xazratov. G‘ovakli kremniyning fotoo ‘tkazuvchanlik kinetikasi va | 9
fotoo ‘tkazuvchanlik spektri orgali elektrofizik xususiyatlarini tadqiq qgilish.

X.C. Jammes, K.K. Xamaamos, IIILB. Hopkymos, ®.P. Hyagomos. [Jucnposuii 6Gunan | 11
Jle2UpIaHean KpeMHUHUHS CIMPYKMYPAsuil 8a ONMUK XOCCAnapu

Sh.B. Utamuradova, J.J. Hamdamov, U.M. Yuldoshev, O.S. Iskandarov. Diffusion of Gold atoms | 14
in silicon and the formation of new bonds.

X.S. Daliev, J.J. Hamdamov, Z.E. Bahronqulov. Lyutetsiy bilan legirlangan kremniyning | 18
strukturaviy xususiyatlari

0.0. Mamatkarimov, M.O. Turgunov. Determination of the surface state density at the | 21
semiconductor—dielectric interface.

Sh.X.Daliyev, J.A Ergashev, A.T. Djubatov. The Effect of Technological Impurities on the | 23
Formation of Radiation Defects in Hf-doped Silicon (Si<Hf>) Under Gamma Irradiation.

Q.A. Ismaylov. N.F. Zikrillaev. Sh.Z. Ollamberganov. T.B. Ismailov. Z.T. Kenjaev. Polikristall | 25
kremniyni elektrofizik parametrlariga nikel kirishma atomlarni ta’sivini dlts metodi yordamida
o ‘Ichash.

M.G. Dadamirzayev, M.O. Kosimova, B.A. Xusanboyev. 2D o ‘Ichamdagi grafin kvant sig ‘imining | 27
o ‘yuch maydon ta’sirida o ‘zgarishi.

Sh.B. Utamuradova, J.J. Khamdamov, Y.Z.Mardiyev, S.M. Abduraimov, F.O. Boboyev. | 29
Volfram bilan legirlangan kremniyda hosil bo ‘lgan nugsonlarni o ‘rganish

H.A. Typrynos, III.A. Coouposa, H.b. XaiitTummeToB. QPopmuposanue npumecnvix ckonienui 6 | 33
obpazyax n-Si<Ni>

HI.X. JamueB, ®.A. CanapoB. CHuowcenue eosoelicmeusi HewHux gaxmopos npu cozoanuu | 36
OKCUOHBIX CMPYKMYP HA OCHO8E KPEMHUSL.

Kh.S. Daliev, J.J. Khamdamov, Kh.Y. Utemuratova, M.B. Bekmuratov. Study of electrophysical | 39
properties of defect formation in ytterbium-doped silicon

0.0. Mamatkarimov, M.O. Turgunov. Study of the capacitance dependence on time using the | 41
adopted model of the metal-glass-semiconductor structure.

M.G. Dadamirzayev, M.O. Kosimova, A. Mahmudov. Bir qatlamli MOS; elektr | 44
o ‘tkazuvchanligining kuchlanishga bog ‘liqligi.

C.A. My3adapoBa, A.C. AunsioB A.C. EcoeprenoBa, H.A. Axmenosa, Y.M. FOanames, K. | 46
Jxymamypanos, O.1L. HopkyJios, 3.C. Ken:xaeBa, H.O. OaunoBa. Ceoticmea epanuyst pasoena
domouyscmeumenvroti I/ cmpyxmypor pCdTe/ZAO.

A.M. KacumaxynoBa, P.A. HypaunoBa. Ocobennocmu npumeneHusi noaynpoeoonukog o | 49
U320MOGIEHUSL MEPMO2EHEPANOPO8 8 MeOUYUHe.

G.H. Mavlonov, Y.A. Abduganiev, Sh.B. Bekturaeva. Microscopic analysis of europium-doped | 52
monocrystalline silicon.




V PECITYBJINKA WJIMMA AHXKYMAHHA (EO®TPHA-V)

EIII OJTMMJIAP BA ®U3UK TAJTABAJIAPHUHT ﬂ n
Tomkent 2025 #iun, 3-4 anpensb

Uz-Ppss

X.S. Daliyev, 1.X. Xamidjonov, Y.Z. Mardiyev. Ittiriy bilan legirlangan kremniydagi tuzulmaviy | 54
o ‘zgarishlar.

HI.b. VYramypanoBa, K.M.MDaiizynnaeB. Xpom amomnapu oOunaum necupiranean Kpemuuil | 56
HAMYHACUHUHS CUPM MOpono2uscu

J.J.Hamdamov, J.Sh.Zarifbayev, B.Sh. Alikulov. The effect of Erbium on the defect structure and | 58
properties of silicon.

A.T.Mamadalimov, M.Sh.Isayev, S.Q. Musayev. Kobalt silitsidi elektr o ‘tkazuvchanligi va | 60
harakatchanligining temperaturaga bog ‘ligligini tadqiq etish

Sh.B. Utamuradova, J.J. Hamdamov, H.J. Matchonov, F.O. Boboyev. The effect of silicon doping | 62
by holmium on structure and properties by scattering spectroscopy.

A.S. Achilov, S.A. Muzaffarova, Sh. Utamuradova, G.A. Muzaffarova, A. Kutlimratov. | 63
Magnetron ionli purkash usuli bilan olingan ito gatlamlarining xususiyatlari.

X.C. Janues, 3.M. XycanoB. Temup amomu Ounan necupianean MOHOKPUCALL KpeMHUliHuHe | 66
UHDPAKU3UTL CREKMPU.

M.K. Uktamova, A.A. Mamatshoyev, Z. Weber. Calculation of the On-Off Time of a Tunnel Diode | 68
Based on the Nott and De-Massa Theory.

HI.b. Yramypanosa, [I.A. PaxmanoB. Pamanosckas cnexmpockonusi kpemuus, aecuposannozo | 10
poouem.

M.G. Dadamirzayev, M.O. Kosimova, A.K. G‘aniyeva. Au — Si0, — Si Tunnel diodi tunnellanish | 72
ehtimolligining potensial to ‘siq balandligiga bog ‘ligligi.

M. Kapumo, M. OtabaeB. Hccrnedoganue paccesnus UOHO8 co cmyneHuamou nogepxrocmu | 14
08YXKOMNOHEHMHBIX MOHOKPUCMATLIIO8.

0.0. Mamatkarimov, M.O. Turgunov. The effect of ultra-high frequency (uhf) treatment on the | 76
relaxation characteristics of photosensitive metal-dielectric-semiconductor structures.

HI.H. U6oayanaes, O.M. berumoB, U.A. Adayranues, K.Y. LlyxparoBuu, A.C. Kapumos. | 78
Ocobennocms  21eKMpUUECKUX CEOUCME KPEeMHUsL C HAHOKIACMEPAMU amoMO8 Mapeanyd Ons
gomosnemenmos.

K.I. G‘aynazarova. Bix(B"")s va Sha2(B"")s, (BY'-Se, Te) asosidagi birikmalarning tuzilishi. 81

L.A. Abdullayev, R.X. Ibragimov, D.D. Yusupov. Yassi kondensator misolida dielektrik | 83
materiallarning elektr maydonga ta’siri.

N.M. Komilova. Size-dependent energy levels and band gaps. 85

N.G¢. Ibragimova, R.X. lIbragimov, N.Y. Sharibayev. Yangi avlod yarimo ‘tkazgichlari- | 87
perovskitlar, ularning xususiyatlari va texnologik imkoniyatlari.

H. Qo‘chqorov, X. Voxobjonova. Kristall yarimo'tkazgichlar yorug'lik yutish koeffitsientiga | 89
haroratni ta’siri.

B.U. Omonov. Vismut va surma xalkogenidlari asosidagi yupga pardali elementlarning solishtirma | 92
qarshiligini temperaturaga bog ‘ligligini to’rt zondli usuli bilan o ‘rganish.

M.A. MaxmynoB, B.T. DarazapoB. Junamuueckue usmeHenus 6 3d1eKmpoHHOU cmpykmype | 95
HAHOKPUCMALL08 KPEMHUSL: AHANU3 POJIU MEPMULECKO20 OMMUCUA U INEKMPOHHOU 6OMOAPOUPOBKL.

Y.C. babaxox:kaeB, M.A. ¥YcmanoB. Kpucmann e6a amopgh eudpuonamnean Kpemuuiioa | 98
homosieKmpuK YmKazyeuanIuK 6a YHUHS MEXAHUIMU.

A. Shavkatov, A. Yarbekov. Synthesis of cu nanoparticles using electrochemical method. 100

M.B. Rasulova, Z.Sh. Madaminova, B.D. Xoshimova. Nikel metaloksid plyonkalarining elektrofizik | 102
xususiyatlari.




V PECITYBJINKA WJIMMA AHXKYMAHHA (EO®TPHA-V)

EIII OJTMMJIAP BA ®U3UK TAJTABAJIAPHUHT ﬂ n
Tomkent 2025 #iun, 3-4 anpensb

UzZ-Pss
K.l. G‘aynazarova . Defective structure of silicon doped with gadolinium. 104
Sh.S. Nazirjonova. Texnika oliy ta’lim muassasalarida energetika muxandisligi yo ‘nalishida ta’lim | 106
jarayonini zamonaviy yondashuvlar asosida tashkil etish.
J.X. Murodov, Sh.U. Yuldashev, M.S. Mirkamilova, U.E. Jurayev. P-Si/SiO2/CO:ZNO asosidagi | 109
memristorlik xususiyatini o rganish.
M.A. Mamatova, M.M. Obbozova, D.U. Xojiakbarova. Magnetic field-dependent fermi energy | 110
oscillations in two-dimensional electron gases with landau levels.
G.N. Majidova, F.R. Muxitdinova, Sh. Malikov. P-n o ‘tishli diodlarga magnit maydon ta’sirini | 112
o ‘rganish.
M.A. Mamatova, M.N Toshtemirova. Investigation of the fermi surfaces of two-dimensional | 115
electron gases via magnetotunneling spectroscopy.
M.B. Yusupjanova, Z.J. Jakhanova. Defects in semiconductors and their impact on photoelectric | 118
properties.
S. Z. Sirojiddinova Bistes asosidagi termoelektrik materiallarning xususiyatlariga legirlovchi | 120
kirishmalar ta’sirini o ‘rganish.
F. Umarova. Lazer bilan induksiyalangan grafen asosidagi fizik va kimyoviy sensor mexanizmlari. | 124
M.B. Ha6ues,C.M. 3aiinosioouannoBa, M.A. Adayniaesa, H.C. Kamoaaunos, Y.A. FOunycos. | 126
Hccneoosanue u nonyuenus sgpgpexmusnvie mepmosiemenmol u3 aecuposantvix P-BiosSbisTes
Mamepuanoe Ha 0CHO8e NOIUKPUCTATL 108 MBEEPObIX PACMBOPO8 MENLLYPUOA BUCMYMA.
B. Ashurov, M. Kurbanov. O zbekistonda pullik yo’llar uchun 3.8GHz chastotada ishlovchi past | 128
shovginli kuchaytirgich (LNA) dizayni va uning samaradorligini oshirish.
G. Xolyigitova, A. Ikromov, A. Abdurahmonov, G. Abdumajidova, X.M. Madaminov. | 132
Yarimo 'tkazgichli tuzilmalarning subchizigli volt-amper xarakteristikasi.
R. Burkhanov. Study of oxygen precipitate formation process in silicon crystals. 136
K.l. G‘aynazarova. Bi,Te; va Bi,Se; asosidagi termoelektrik materiallarning xususiyatlari. 138
A.M. Naimjonov, M.A Ergasheva, H.K Rahmonberdiyeva. Zamonaviy fotovoltaika: birinchi | 140
avloddan kelajak quyosh paneligacha.
A.M.Bo6oes, B.M. Dprames, ’K.C. MagaMuH:k0HOB. JJechopmayus Kpucmaniuueckoi pewémry | 143
KpeMHUsl U hopMUposanue OKCUOHBIX CI0EG NOO 8030eticmauem OuG@y3uu niamuHbsl
M.Y. Shaydullayeva. M.A. Usmanov. Puasson tenglamasining nazariy asoslari va yechim usullari. | 146
A. Boboyev, B. Ergashev, M. Khotamov. Structural changes in monocrystalline silicon doped with | 149
platinum
I1 IIYBBA. MUKPODJEKTPOHUKA BA DJIEKTPOTEXHUKA

MYAMMOJIAPHA
0.X. Kyaaamos, I'.Y. Kapumo6oesa, ¥Y.C. PycramoB. Asmomamuzuposannasn cucmema ynpagnenusi | 152
6005IHbIMU pecypcamu Ha OCHOBE J1EMEHM OB MUKDPOINEKMPOHUKU
M.G. Dadamirzaev , M.K. Uktamova, A.A. Mamatshoyev, A.B. Rakhmatulina. Technology for | 154

obtaining an effective disinfection environment from ecologically clean and multifunctional quartz
lamps




V PECITYBJINKA WJIMMA AHXKYMAHHA (EO®TPHA-V)

EIII OJTMMJIAP BA ®U3UK TAJTABAJIAPHUHT ﬂ n
Tomkent 2025 #iun, 3-4 anpensb

Uz-Ppss

S.A. Muzafarova, A.S. Achilov, Z.M. Xusanov, O.Sh. Norqulov, N.A.Axmedova, N.O. Odilova. | 156
Gaz tashish usuli orqali teksturali kremniyning ustiga yupqa qatlamli CdTe o ‘stirish

U.T. Berdiyev, O¢B. Sulaymonov, O.F. Sayfilloyev. Energiya samarador kompozitsion | 159
materiallardan elektrotexnika sanoatida foydalanish

I'.0. Kyanamos, M.Y. DpkuHOB. Tpexysemuviii c6emoouoOHbvlll uziyuamens 0as Koumpoas | 161
81AIHCHOCU

M.l. Mannanov, I.M. Nishanov. n-Si<Ni> namunalar asosidagi harorat datchiklar tayyorlashda | 163
omik kontakt olish texnologiyasi

P.A. HypaunoBa, I'.X. AxmananueBa. [lepcnekmusvbl npumeHeHuss NOLYNPOBOOHUKOBbIX | 165
MPAH3UCOPO8 8 MEOUYUHCKUX annapamax

A.A. T'yaomo, C.A. TaunauH. Paszpabomra nabopamopnozo cmenoa 01 usyuenus pabomul | 168
yugppo-ananozoeo2o npeobpazosameis

A.O. KomuJos, L1.Y. Dprames. Onmoanekmponnoe ycmpoiicmeo 0Jisi KOHmpoas konyeumpayuu | 171
Y211e8000p0008 8 8030yXe

A.A. Valixonov. STM32 Bilan Infragizil Nurni Boshgsarish Tizimini Yaratish 173

M.Y. Opkunos, b.A. I'yxym6aeB. Cgemoouoousiii pumoobuyyamens 0isi meniuy 176

J. Sh.Abdullayev. Electrophysical features of radial p-n and p-i-n junction structures at cryogenic | 179
temperatures

3. BaiicagapoBa, M.A. A3zamoBa. [Ipeobpazosamenv paccmosimuii ¢ 8010KHUcmo-onmuyeckum | 181
AHATU3AMOPOM

K.M. llloxumapaoHoB. Dnekmpuueckue u OnmMuyecKue ceoUCmea noaynpo8oOOHUKO8bIX cunuyuoog | 182

B.M. AdaykaxxopoB. Muocobapveprvie 601HO800Hble homonpuemHuku Ha ochose apcenuoda | 184
2aNNUSL C GHYMPEHHUM POMOINEKMPULECKUM YCUTIEHUEM

3.A. BaiicadapoBa. OnmosnexmponHbvili KOHMPOJIb HENAOCKUX 0OBLEKMO8 185

111 ITYBBA. POTOHUKA MYAMMOJIAPA

Z.T. Azamatov, A.B. Bahromov, M.A. Yo‘ldoshev, A.A. Sapayeva, G.G. Kulbayev. Infragizil | 188
introskopiya yordamida kremniy plastinalaridagi nugsonlarni aniglash

M. Axmedov, L.Y. Davletov. Nd:YAG pikosekundli lazer nurlanishi ta sirida molibden sirtida krater | 191
hosil bo ‘lish jarayonini o ‘rganish

7. T.Azamatov, M.A. Yo‘ldoshev, A.B. Bahromov. LiNbO3 VA LiNbO3s:Fe monokristallarining sirt | 192
morfologiyasini tadqiq gilish

A.l. Japaqov, M.E. Vapayev, 1.Y. Davletov. Ikki elementli natriy xlor gotishmasi sirtida hosil | 195
bo ‘Igan plazma sohasidagi elektronlar konsentratsiyasi

M. Axmedov, 1.Y. Davletov. Lazer nurlanishi ta’sirida mis folga yuzasida hosil bo ‘Igan kraterda | 198
rayleigh—taylor sturukturalarini tadgiq qilish

G.G. Kulbayev. KFS-12 spektrometrida 400-4000 nm spektral oraligda yarimo 'tkazgichlarning | 200
yutilish va lyuminessensiya spektrlarini tadqiq gilish

A.G. Qakhkhorov, Sh.D. Payziyev, A.A. Sherniyozov. Chizigli parabolik konsentrator asosidagi | 203
neodim kiritilgan kvars tolali lazerlar

A.l. Japagov, M.E. Vapayev, I.Y. Davletov. Yengil gaz atomlari kiritilgan Zr [H,N] plazma ko'p | 204
zaryadli ionlarining massa spektrlari




EIII OJTMMJIAP BA ®U3UK TAJTABAJIAPHUHT
V PECITYBJINKA WJIMMA AHXKYMAHHA (EO®TPHA-V)
Tomkent 2025 #iun, 3-4 anpensb

Uz-Ppss

M. K. Khusanova. Monitoring optical illumination of biological tissues 206

D. Qurbonov. Ai-based beam tracking in 5G and beyond networks 208

IV IIYBbBA. MYKOBWJI SHEPTUSI MAHBAJIAPU

G.Gulyamov, G.N.Majidova, M. A. Xoliqova. p-n o ‘tishli quyosh fotoelementning samaradorligiga | 210
gizigan zaryad tashuvchilarning ta 'siri

K.A. Djumamuratov, O.F. Tukfatullin, S.A. Daminov, B.N. Butunbaev. Fotoelektrik modulga | 212
salbiy tasirlaridan ogilona foydalanish va boshqarish texnalogiyasi

N.Y. Sharibayev, A.Q. Ergashov, S.B. Fazliddinov. Ru asosidagi sezgir yupga gatlamli quyosh | 215
elementlari fotoanodi uchun fotoelektrik kattaliklar

O.K. Ataboev, A.S. Titov. Influence of 1 MeV electron irradiation on output parameters of the p- | 218
type silicon heterojunction solar cells

C.A. JamunoB, K.A. I:kymamyparoB, C.LLI. MyxutaunoB. Pazpabomxa oamuuxka Ha ocHose | 221
Ghomoouodos onsi cucmemwl crexcenus 3a Conrnyem

A.A. Abdullayev, J.V. Ochilov, U.B. Xalilov. Natriy-ion akkumulayatori uchun gattiq uglerod | 223
strukturasi shakllanishini modellashtirish

J.F. O‘lmasov. Akkumulyator stansiyalarini qo ‘llash orqali farg‘ona vodiysini elektr energiya | 224
iste’'molini muvozanatlash

3.1.’KypaeBa, HWU.A.QOapomen, W.P.XKypaeB. Cumyrayus pabomoer ¢homosnexkmpuuecxou | 227
VCMAHOBKU UHMEeSPUPOBAHHOU HA (acad 30aHuUs

M.Z. Axmadjonov. Quyosh energiyasi bilan ishlaydigan yoritish tizimlarini loyihalash 230
M.U. Nosirov. Vodorod gazi olishda quyosh panellarining o ‘rni 233
M.A. O‘Imasova. Shamol generatorlari va ularning konstruksiyalari 234
A.A. Rakhimov. Analysis of generator efficiency in wind energy systems 237
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G‘OVAKLI KREMNIYNING FOTOO‘TKAZUVCHANLIK KINETIKASI VA
FOTOO‘TKAZUVCHANLIK SPEKTRI ORQALI ELEKTROFIZIK
XUSUSIYATLARINI TADQIQ QILISH

A.T. Mamadalimov!?, D.E. Xazratov!
Y0 2MU huzuridagi yarimo ‘tkazgichlar fizikasi va mikroelektronika ilmiy-tadgigot instituti
2Mirzo Ulug bek nomidagi O zbekiston Milliy universiteti

Hozirgi vagtda zamonaviy qurilmalar tayyorlashda asosiy material vazifasini kremniy asosli
strukturalar ko‘p go‘llanilmogda. Shunga asosan kremniyning optik, elektrofizik, termik hamda
fotovoltaik xususiyatlarini o‘zgartirish magsadida juda ko‘plab kirishmalar kiritiladi. Bu holatda
kremniy asosli na’munalarga boshqa element atomlarini kiritish, ya’ni legirlashdan oldin unga
mexanik, termik va kimyoviy ishlovlar berish zarur bo‘ladi [1, 2]. Ushbu ishda asosan na’muna
sifatida 2KDD markali n-tipli kremniynidan bir nechta na’munalardan olindi. Keyingi bosqichda
na’munalarni M8 (zarralarining o‘Ichami 8 mikron) marka kukunda, shlifovka ( jilvirlash) gilinadi.
Bu orgali na’muna sirti silliglanib, ko‘pgina sirtiy nugsonlari bartaraf gilindi. Bu bizga kontakt
olishda yoki na’munani xususiyatlarini o‘rganishda xatoliklarni bartaraf qilish magsadida
bajarildi. Na’munalar mexanik ishlov berilgandan so‘ng distillangan suvda 100°C haroratda 30
minut davomida tozalandi. G*ovakli kremniy olish uchun kremniy plastinkasidan tayyorlangan
na’muna HF kislotasining 10% li suvdagi eritmasida t=5 soat davomida elektroliz qilindi.

1- rasmda anodik 0°‘yish orqali g‘ovakli kremniy olish sxemasi keltirilgan bo‘lib anod
sifatida kremniy monokristali katod sifatida platinadan foydalaniladi.

1-rasm. Anodik o‘yish orqali g‘ovakli kremniy olish sxemasi [3]

Omik kontakt olish uchun n-Si ekanligini hisobga olgan holda 50% In (indiy) va 50% Sn
(galay) moddalaridan foydalanildi.

2-rasmda g‘ovakli kremniyning fotoo‘tkazuvchanlik kinetikasi tasvirlangan bo‘lib bu uning
elektr o‘tkazuvchanligi yorug‘lik ta’sirida qanday o‘zgarishini ko‘rsatuvchi jarayon hisoblanadi.
Ushbu jarayon fizikaviy va kimyoviy omillarga bog‘liq bo‘lib, elektronlarning qanday
harakatlanishini, ularning rekombinatsiya vaqtini va o‘tkazuvchanlikning qanday o‘zgarishini
tushunish uchun muhim hisoblanadi. Fotoo‘tkazuvchanlik kinetikasini tushunish uchun
elektronlar va teshikchalar harakatini tushunish kerak. Boshlang‘ich holatda yorug‘lik yoqilmagan
vaqtda g‘ovakli kremniy tarkibida kam sonli erkin elektron va teshikchalar mavjud bo‘ladi, elektr
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o‘tkazuvchanlik juda kam bo‘ladi. Yorug‘lik yoqilishi bilan yorug‘lik fotonlari kremniy ichidagi
elektronlarni qo‘zg‘atadi. Bu esa o‘z navbatida elektron-teshik juftlarini hosil giladi. Elektronlar
0‘z energiyasini olganidan keyin harakatlana boshlaydi va tok kuchi keskin o‘sish kuzatiladi.

Yorug‘lik doimiy ravishda ta’sir qilsa, elektron-teshik juftlari doimiy ravishda hosil bo‘ladi va
rekombinatsiyalanadi.

| msbiy birlik
)
L]
<

T T T
1000 1500 2000
t.s

2-rasm. G‘ovakli kremniyning fotoo‘tkazuvchanlik kinetikasi T=300K U=10V

Agar hosil bo‘lish va rekombinatsiya tezligi bir xil bo‘lsa, o‘tkazuvchanlik bargaror bo‘lib
qoladi va tok kuchining to‘yinishi kuzatiladi. Yorug‘lik o‘chirilgandan keyin, elektron va teshiklar
rekombinatsiyalanadi. Bu jarayon bir oz vaqt oladi, shuning uchun tok kuchi darhol nolgacha
tushib ketmaydi, balki asta-sekin kamayadi. Grafikda egri chizig bilan tushish kuzatiladi. Bu
kamayish tezligi materialning rekombinatsiya xususiyatlariga bog‘liq bo‘ladi. Ushbu natijalar

orqali biz materialning yorug‘likka sezgirligi, rekombinatsiya tezligi va o‘tkazuvchanlik
o‘zgarishini tahlil qilishimiz mumkin [4].

10
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3-rasm. G ‘ovakli kremniyning fotoo‘tkazuvchanlik spektri
3-rasmda G‘ovakli kremniyning fotoo‘tkazuvchanlik spektri keltirilgan bo‘lib ushbu holatda
yorug‘lik energiyasi (hv) ortishi bilan nisbiy yorug‘lik yutilishi (I nisbiy) orasidagi quyidagi
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bog‘likni kuzatishmiz mumkin. 1.08 — 1.23 eV oralig‘ida yorug‘lik yutilishi ortib boradi va 1.23
eV da maksimal giymatga erishgan 1.23 eV dan keyin pasayish kuzatiladi.

G‘ovakli kremniy an’anaviy kremniydan farqli xususiyatlarga ega bo‘lib, u sensorlar,
optoelektronika va nanoelektronika qurilmalarida qo‘llanilishi mumkin. Tadgiqot natijalari shuni
ko‘rsatadiki, bu material past haroratli sensorlar, LED texnologiyalari va quyosh batareyalari
uchun istigbolli hisoblanadi
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JTUCIIPO3UN BUJIAH JIETUPJIAHI'AH KPEMHUMHUHI CTPYKTYPABUI
BA OIITUK XOCCAJIAPU

X.C. Tammes, K. K. Xamaamos2, III.LB. Hopky.ioB2, ®.P. Hjnnomos?
YTowxenm waxpuoacu "MEH" Munnuii maokuxom yuueepcumemu" ¢pedepan dagiam
610024cemu onuti mawvaum myaccacacunune unuanu, E20y xypuacu, 1-yii, Towkenm, Y3bexucmon
2 V3bexucmon Munnuii ynusepcumemu xy3ypuoazu Apumymraseuunap usuxacu 6a
MUKPOINEKMPOHUKA UAMUTI-MmaoKukom uncmumymu, Aneu Onmasop kyuacu, 20-yii, Towkenm,
V36exucmon
e-mail: nshb19990@gmail.com

Ymly Ttankukorna kpemMHuiHM nucnposuid (Dy) OunaH Jierupiail yHUHT TY3WIHIIH Ba
OINTHK XyCycUATIapura Tabcupy ypranunaau. n-Si kpemuuit 1473 K xapopataa 50 coat naBomuia
tepmoaudy3uss yCyaud OpKaIM JUCIPO3ud OwiaH jerupianHav. Taxjawn yuyH Paman
CHEKTPOCKONUSCH Ba pEHTreH (aszaBuil Taxiawn ycymwiapugad ¢odgananunau. Paman
CIEKTPOCKONHUACH HaTwxkaiapu n-Si onTuk (oHOHIapura Moc Kenaauran 523,93 cm™ jaru
acocuii 4YKKMHH Kypcatau. n-Si<Dy> HamyHanmapuna 4YYKKM WHTEHCHUBIMIH Ba SIPUM
6ananymmkaaru keHrnura (FWHM) oprrannuru ky3aTuinau, Oy 5ca Ty3WJIMaHUHT KpUCTaJTaHHII
Japakach SXIIMIAHTaHUIAH jaaionar 6epaqu. Amopd ¢asamap 6uman Gormuk 127,16 cm™ Ba
196,24 cm maru 9yKKHIap WHTEHCHBIMTHHUHT KAMAHHIIN HyKCOHIAP MUKIOPH MAacaiTaHUHN
tacauknarmu. 307,94 cm! na saTH 9YKKUHUHT aHuKiIanumm Dy203 kyouk daszacumarn 2TA
¢oHOH TeOpaHUIIM OmiaH OOFNIMK OViraH AWCIPOZUMHMHT MyBaPakusTIN JIerHpIaHTaHUHU
KypcaTaau.

Ymly una kpeMHuiiHN auctipo3uit (DY) OunaH JerupiaiHuHT YHUHT TY3WIIUIIY Ba ONITUK
XycycusiTiapura Tabcupu Yypranwnanu. Jlerupmam tepmomuddys3us ycynu OwinaH amanira
omMpWIIN: N-Si HAMyHaJapH IOKOpH BakyyM mmapoutuaa 50 coat naBomuaa 1473 K xapoparna
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unuioB Oepunau [1-5]. Jlerupnam skapaéHumaH CYHTr KUMEBHM To3aiail, >KymjaagaH OKCHII
KarmamMuau wykotuin yayH HF sputmacu Ounan unuioB Oepwnau. By kpucramn maHkapamard
Y3rapunuiapHi Ba MaTepUATHUHT HYKCOHJIU TY3WJIUIIMHYA 0axoJail UMKOHUHU Oep/Iu.
HamyHanapau Taxiawia KWIMID Y4yH HMKKATAa acocudl ycyn KyiuaHau: Paman
criekTpockonuscy. Ymdosaap 50-1200 cv ™! opamuruaa 532 um nasepin QE Pro High-Sensitivity
Spectrometer épnamuna yTkazwnau. KpeMHUHHHMHT Oapya MOHOKPHUCTAI HaMyHAJIAPHHHUHT
OupuHuM TapTHOIM KomOuHanuon cnektpu (I HykTa, k~0) XoHa Xapopartuna 523,93 cm ' na
Ky3atwiaau [6, 7]. UYKku n-Si HAaHOKpHCTAIUT MYKA ONTUK (POHOHHMHI COUMIIMIIN HATHXKACHA
xocuit 6ymaau Ba n-Si uuar LO Ba TO ontuk (GoHOH Mojmanapura Moc Keiaau [8]. MabiayMKH,
mubdy3us mamwxkapa napaMeTpJapUHUHT KeHraiumu Paman 4yKKUCHMHM KUYHMK TYJIKHUH COHHU
TOMOH, MaHXapa MmapaMeTpIapUHUHT CUKUIIUIIN 3Ca KaTTa TYJIKUH COHU TOMOH CUJDKUTaIu [9].
Taxxpuba HaTX)amapu acocuja KpeMHUHHHHT amopd coxacu yuyyH Paman uyKKuIapuHHHT
XapaKTepJi CUKHILIAPH KYpcaTunrad 6yau6, yiaap Taxmunan 127,16 cm™ ' (TA) Ba 196,24 cm ™!
(LA) uu tamxwun stamu [9, 10, 11]. Tepmuk wunuioB Gepuirad n-Si Hamynacu yayn FWHM
Ha3opar HamyHacura (n-Si) kaparanja macTpok. byHIaH Tamikapu, TEpMHK HIUIOB OepHiraH
HAMYHAaHMHT KOMOMHAIMOH cnekTpuna 127,16 cm ! Ba 196,24 cm ' na maiino 6ynranm
YYKKUIAPHUHT IOKOPY MHTEHCUBIUTH, UIUIOB OEpHIl >Kapa€HHUa KPUCTAIUIA HYKCOHJIAPHUHT
IOKOPH KOHIIEHTpalusicura 3ra 6yiran amopd KpeMHHI X0Cull OVIraHIUTUHI KYpcaTau.
Omunran N-Si<Dy> HamyHalapuHUHT KOMOWHAIIMOH COYMJIHIN crekTpiaapu (Paman
CIEKTpJapu) TaxXJIWi KWIMHTaH[a, N-Si CHUpTHAa JUCIPO3UMHMHT auddy3uscH HaTwKacuaa
523,93 cm ! maru uykkunuar uarescusnurn (FWHM) kuiiMaTé OuaH ce3dIapiy Japaxasna
omrany, 127,16 cm ! Ba 196,24 cm™! maru aMmopd coxa UYKKUIapUHUHT MHTEHCUBJIUIY 3Ca KECKMH
KaMalraHu aHUKJIaHU. YOy Ky3aTyBiap IIYHU KYpcaTaauKu, TUCIPO3UMHUHAT quddy3usicu N-
Si  HamyHanmapuIa HYKCOH KOHIICHTPALMSACHHU KAMaWTHPHII OpPKAIM  CTPYKTYpaBHi
KpUCTAJUTAaHUIIHK Kydatupanu. bynnan tamkapu, 307,94 cM ! ma maiino Oyiran SHTU YYKKU
Dy.03 ky6uk dazacuaaru Fg (2TA) unzuru Ounan OOFTUKINTY aHuKIanau [12, 13]. YOy uykku
FWHM HHTeHCHBIUIY Ba KEHTIIMIY Moc pasuiga 307,94 cm !, 1157,84 Ba 44,15 cvm ™! vy Tamkun
stanu. ynnait kunub, KOMOMHAIIMOH COYMIIHII CIIEKTPOCKOMUSICH EpaMuIa KpeMHUN CUPTHIA
nuctipo3uiHuHT (N-Si<Dy> makiuaa) Bakyym mapoutuaa 1473 K xapopatna 50 coat maBomuaa
MyBapbakusaTIu JUPGy3usCUHU TaCAUKIAI MyMKHUH. 15 MKM KaJIMHIMKIAru CUpT KaTJIaMy 0110

TamnaHraiaad cyur, 307,94 cm !

coxama Dy»>03 YyKKHCHM WHTEHCHUBIUTHHUHT CE3WJIAPJIU
Japakana TmacadraHu Ky3aTwigd, OyHaa N-Si ra HUcOAaTaH KPHCTAUT CTPYKTYPaHHHT
WHTCHCHUBJIMIH KaMaiaui Ba aMopd COXaHHMHI HMHTCHCUBIUTH ouiau. N-Si<Dy> HamyHacuHU
TaxXJIWI KUJIUIIAA KUMEBUIA Ba MEXaHMK MIUIOB Oepuin HaTmxkacuaa Dy.0Os karmamu KpeMHUI
CUPTHUIaH MYKOJITaHIUTY aHUKJIAH M.

Hactnabku n-Si Ba onuHrad n-Si<Dy> HaMyHanapuHUHT (GU3NK-KUMEBUHN TY3WIMIINHA
YyKyp YpraHuIl Makcaauaa peHTreH (aszanu Taxymil yTkaswind. Jactinab n-Si HamyHacHHUHT
PEHTIeH CIEKTPH OJMH/IH Ba TaXJIHJI KWJINH/IH.

Hamynanunr ctpykrypaBuil akcianunuiapu opacuaa 20 = 27,99° 0ypuakna d/n = 3,188
HM OWJIaH Ky3aTHJITaH CTPYKTypa YM3UFU SHT IOKOPM MHTEHCHBIMKKa 3ra 0ynub, Oy Taxpuba
TaxJIWIM HaTWXKacuaa aHukiIaHranujek, (111) kpucrammorpapuk HyHamumra Moc Kenalu.
Taxxpuba HaTwkamapu OyiiMua aHuKIaHraH Oy aKCIAHWIIHUHT FOKOpW MHTeHcuBiuru (21779
uMI*-cex ') Ba yHuHr spuM kenrauru (0,01 pan) YpraHunaérraH HaMyHaJapHMHT SIXIIH
KpUCTANIAaHUII  JapakacuHu Ba ymap (111) TtapkuOuparu aTroOMJIapHUHT — KYITYUIIUTH
KpUcTaiorpaduk TapTudaa >KOMIAITaHIuTuHU KypcaTaand. Yoy cTpyKTypaBUil akcIaHMIITa
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Kypa, yHuHr O0eta () kommonentu 20 = 25,31° 6ypuakna d/n = 3,5096 Hm na ky3aTwiran Oyiica,
WKKUHYY (222) Ba yunnuu (333) TapTuOim akcinanumnuiap Moc pasuma 20 = 57,9° 6ypuakaa d/n
=1,5933 um Ba 20 = 94,68° 6ypuakna d/n = 1,0474 um na ky3atuwirad. Onaria, MKKHHYA TapTHOJIN
(222) akcnmanum OupuHuu TaptHOmM (111) xpucramnorpaduk axcmanumra HucOaTaH
TaKUKJIAHTaH CTPYKTypa YHW3UFUM XHUCOOJaHAaIM Ba Ky XoJulapja KPHCTAUT MaH)KapaHWHT
MUKPOOY3WIMIIUIAPU MaBXYUIMTH Ty(ailin peHTreHorpaMMaiapaa HaMoéH Oynaan. MKKuHUM
TapTUOIM CTPYKTYpa YM3UFU MHTEHCUBJIIMUTMHUHI ACOCUH CTPYKTYpa YU3UFU WUHTEHCHUBJIMIUIA
mucbatn 1 (222) /1 (111) = 3,6:107 nu Tamkun stamu Ba Oy Kuitmat 107* mam kaTTamuru
ypranwiaérran N-Si  (OONUTAHFUY) HAMYHACHHUHI KPUCTALI MamXapajapuaa HYKCOHIAp
MaBXYyJUIMTUHU siHA Oup Oop Tacaukiaiau. Kpucrann namkapaHuHr OyHAaill HyKCOHIIapu
KpEeMHUI Xaxmuja acocuil ¢oH apanammManapu OYiraH KHUCIOPOJ AaTOMIIAPUHHHI HOTEKUC
TaKCUMJIAaHUIIK HaTWkacuaa Xocus Oynamu. Kpucramn nmaHkapagard HyKCOHJIAp MaBXKYJUIUTH
pEHTTeHOrpaMMajga HOMACTUK (OH JapakKaCHHUHT HOMOHOTOH XYCYCHATH OWJIaH XaMm
TacAMKIaHaau. by nmapaxa KuuMk, ypra Ba Karra couMuil Oypyakiapuja Yy3rapyBuaH
KUMMaTIapHU KaOys Kuiaau.

Dy atomiapu Ouiias Jerupiianra N-Si HaMyHaJapUHUHT PEHTIeH AU(PAKIUOH CIIEKTpIIapH
onuuau. ONUHTaH CIEKTpiap AacTia0Ku HaMmyHa CIEeKTpiiapura HucOaraH ce3uiapiu dapkiap
kypcatau. Acocuit cTpykrypa unsuru (111) HuHr KarTa counnui Oypuaknapu TomoH A = 0,19°
ra CWDKHUIIN Ky3aTHWIIU, OyH1a YHUHT MHTEHCUBJINTY Y3UHUKHUTa HUcOaTaH 18 Gapobap ominu. by
3ca MyaiisiH KpucTauiorpaduk iyHanuira MaHCyO aToMjiap COHU OpTraHUHM aHrjaraau. Karra
coumsuII Oypyakiapu TOMOH CHDKHII DY aTOMIapMHHMHT KpEeMHHMH KPHUCTAJUT MaH)Kapacura
Kkupub, nedopmaims ro3ara KeJIraHuHH KypcaTaau. By sca mamkapa mapamerpiapuHuHT aSi -
aSi<Dy> = 5,4451 um - 5,4080 um = 0,037 M ¢aprnanummra onub kenau. Harmkana,
peHTreHorpamMmajarui MKKUHYM TapTuOnm (222) (TakUKIaHTaH) CTPYKTypa YHM3UFUHUHT
HYpJIaHUII MHTEHCUBIUTU 25 OGapobap opTau. Ym0y CTPYyKTypa UWM3UFU HHTEHCHUBIUTHMHUHT
acocuii ctpykrypa unsuru (111) uarercusnurura aucoatu | (222) /1 (111) = 0,005 Hu Tamku
sramu. By 10* nam karra 6yiam6, aucrnposuil aTomnapuHMHT aubQY3UACH HATHKACHAA
MaBXy[UIMTUHE KypcaTaau. n-Si<Dy> namynacu P4m2 ¢aszoBuii rypyxra maHcy0d Oyimo0,
napamerpsapu a =6 = 3,8116 M Ba C = 5,4933 HM O¥iran TeTparoHain 3J1eMeHTap siueiKanapiaH
TaAIIKUJI TONTaH.

VYMyMaH osiraHja, TaJKUKOT HATWKAJApU LIYHU KypCcaTaJuK{, KPEMHUWHH IJUCIPO3UMI
OwyaH Jerupiaml KpUCTal TY3WIMIIMHUHT SXIIWIAHWUIINTA Ba ONTHUK XYCYCHUSTIAPUHUHT
V3rapummra onud kenaau. PamMaH cHeKTpOCKONMUSCH Ba PEHTreH (a3aiu TaxJ Wi yCyJUIapuHU
KyJUIall HOAWUP €p dJIEMEHTIApUHUHT KPeMHUW OullaH ¥3apo TabCUp MEXaHU3MJIApUHU Ba
yIapHUHT SPUMYTKA3TUd MaTepuauiap XyCYCUSATIapura TabCHPUHU UYYKYPPOK TYIIYHHII
UMKOHUHH Oep.iu.
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DIFFUSION OF GOLD ATOMS IN SILICON AND THE FORMATION OF NEW
BONDS
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Institute of Semiconductor Physics and Microelectronics at the National University of

Uzbekistan

In recent years, structured silicon has attracted considerable 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 I11-V elements (boron, arsenic, phosphorus, and others) are widely used to dope
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silicon with fast-diffusing impurities, whereas gold is a typical slow-diffusing (deep-impurity)
material. When a gold atom with amphoteric properties diffuses into silicon by Kick-out and
Frank-Tranbull mechanisms, the ionized gold atom recombines with an n-type (or p-type) silicon
electron (or hole). The diffusion atoms of gold compensate for the donors (or acceptors), which
leads to an increase in the resistivity of silicon. Maximum resistance can be achieved when the
concentration of gold atoms compensates for the concentration 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 silicon-silicon bond. The diffusion of gold from the front
of the silicon device forms a gold silicate compound and introduces a positive charge to the
interface [2]. A three-layer model of the real surface seems to explain the effects of gold centers
at the silicon/silicon dioxide interface [2-3].

The purpose of this work is to study the defective structure of gold-doped silicon, as well as
the synthesis of composites on the surface of Si-Au silicon by thermal roasting at 1373 K. Scanning
electron microscopy (SEM imaging) and Raman spectroscopy (Raman spectrum) are used to study
the structural and optical characteristics of the samples.

Samples of silicon n-Si and p-Si with an initial resistance of 0.3+20 Q-cm were selected for
the study.

Figure 1 shows a SEM image of gold-doped silicon. The ball arrangement of gold atoms on
the surface of single-crystal silicon of type p doped with gold has been experimentally established.
The results of the research show that the structure of micro- and nanocomposites formed in silicon
mainly depends on the diffusion time and cooling rate of samples after diffusion annealing. The
results of the study showed that thin films of gold with a high silicon content were successfully
produced by thermal calcination, and the n-Si-Au and p-Si-Au composites were obtained by
thermal roasting at 1373 K. Scanning electron 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 with
dimensions greater than 2.5 nm, as well as recombination of carriers through defective states in
smaller nanoparticles.

The Raman spectrum of the sample (Fig. 2) shows bands with maxima in the ranges of 144,
304, 402, 464, 522, 948 and 973 cm™'. The occurrence of these bands is explained by the violation
of the long-range 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 of the material under study [8-9].

[———

[ [
S

p-Si<Au> SEM spectrum p-Si<Au>
Figure 1. Surface Properties of Gold-Doped Monocrystalline Silicon Subjected to
Heat Treatment
Raman spectra for samples of gold-doped silicon n-Si<Au> and p-Si<Au>, as well as
composites derived from them n-Si-Au and p-Si-Au, are shown in Figure 2. When analyzing
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Raman spectra, it is extremely important to accurately identify the bands corresponding to
nanocrystals, especially for films grown on n-Si and p-Si substrates. In nanocrystalline silicon
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 bands
emanating from the nanocrystals should not be distorted when scattered on the substrate. However,
in n-Si-Au and p-Si-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 line caused by the n-Si substrate remains strong. The results show that there is a
pronounced band in all spectra with a maximum at 522 cm™ and a width at a half-height of 4.3

cm .

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

3 40000 p-Si<Au>

= 30000 -

] ]

c

8 20000 -

= : -Au

= p-Si
10000 /
0 .

———F—
0 200 400 600 800 1000 1200 1400 1600

80000
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u)

Raman shift (cm™)
Figure 2. Raman spectrum of two types of gold-doped n-Si<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 from n-Si and p-Si substrates cannot be determined, we conclude that it is difficult
to correctly determine the size of silicon nanocrystallites from Raman spectra in low-duty cycle n-
Si-Au and p-Si-Au composites.

Thus, the results of the scanning electron microscopy (SEM) study made it possible to obtain
detailed information about the structure, chemical composition and arrangement of atoms in the
n-Si<Au> and p-Si<Au> samples. The ball distribution of gold atoms on the surface of single-
crystal silicon was experimentally confirmed, 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, 402,
464, 522, 948 and 973 cm! associated with the violation of the long-range order of the crystal
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 decrease in crystallinity and the
formation of amorphous and nanocrystalline structures in the samples after heat treatment at a
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temperature of 1373 K. Particular changes were noted in the range of 380—600 cm™, which is
associated with the stretching of Si-Si bonds and the effect of hydrogen. Additional peaks in the
n-Si<Au> spectra indicate the interaction of gold with silicon and the formation of new Si-Au
bonds, which indicates the effect of gold on the structure of the material.
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LYUTETSIY BILAN LEGIRLANGAN KREMNIYNING STRUKTURAVIY
XUSUSIYATLARI

X.S. Daliev?, J.J. Hamdamov?!, Z. E. Bahronqulov?
Y0 2MU huzuridagi Yarimo ‘tkazgichlar fizikasi va mikroelektronika
ilmiy-tadgiqot instituti
zbakhronkulov@inbox.ru

Zamonaviy jahon ilmiy-texnik taraqgiyoti elektronikaning rivojlanishi bilan bevosita
bog‘lig bo‘lib, uning yutuglari asosan fundamental fanlar, birinchi navbatda, qattiq jism
fizikasining va yarim o‘tkazgichlar fizikasining yutuqlariga asoslanadi. So‘nggi yillarda ushbu
sohalardagi ilg‘or natijalar past o‘lchamli tuzilmalarning fizikasi va nano hamda optoelektronika,
aloga vositalari, yangi texnologiyalar va o‘lchash uskunalari uchun tamomila yangi funksional
imkoniyatlarga ega bo‘lgan nanotu strukturalarni yaratish texnologiyalari bilan bog‘liq.

Strukturaviy kremniy hozirgi kunda katta qiziqish uyg‘otmoqda, chunki Si nafaqat
elektronika, balki optoelektronika va quyosh batareyalari uchun ham istigbolli material
hisoblanadi. Shu sababli, o‘lchami kichik ob’ektlarning hosil bo‘lishini tadqiq qilish va ularning
yarim o‘tkazgichlarning elektro-fizikaviy, optik, fotoelektrik va magnit xususiyatlariga ta’sirini
o‘rganish bugungi kunda dolzarb masalalardan biri hisoblanadi.

Ushbu ishda biz monokristall kremniyda lyutetsiy (Lu) atomlari bilan legirlangan holda bir
va ikki fononli kombinatsion yorug‘lik sochilish spektrlarini taqdim etamiz.

Tadqiqot uchun 0,3 dan 100 Om-sm gacha bo‘lgan boshlang‘ich xususiy qarshilikka ega
n-Si va p-Si namunalar tanlandi. Lu bilan legirlash jarayoni termodiffuziya usuli yordamida
bosgichma-bosqich amalga oshirildi. Legirlashdan oldin namunalar kimyoviy tozalash va o‘yish
jarayonidan o‘tkazilib, HF eritmasi yordamida oksid qatlamlari to‘liq olib tashlandi[5,7].

Namunalar diffuziya pechida 1250°C haroratda 50 soat diffuziya qilindi va ikki xil usulda
tez va sekin sovutildi. Lu atomlarining kremniy bilan o‘zaro ta’sirini o‘rganish uchun moddaning
bir xil legirlanishi va maksimal konsentratsiyaga erishish muhim ahamiyat kasb etadi.
Strukturaviy-fazaviy holat Empyrean Malvern rentgen difraktometri yordamida nazorat gilindi.
Pik maksimumlarini aniglash uchun OriginPro2019 dasturi ishlatildi. Rentgen difraksion
o‘lchovlar Bragg-Brentano geometriyasida, 20B = 10° dan 90° gacha bo‘lgan diapazonda,
0,33°/min skanerlash tezligida va 0,0200° burchak qadamida o‘tkazildi.

1-rasmda kontrol n-Si namunasi uchun rentgenogramma tasvirlangan. Difraksion tasvirda
turli intensivlikka ega bir nechta selektiv reflekslar mavjudligi kuzatilmogda. Tahlil natijasida
substrat sirtining (111) kristallografik tekislikkamos kelishi aniglandi. Bunga (111)Si selektiv
refleksi mavjudligi dalolat giladi, d/n = 0,3141 nm (26 = 28,16°). (111)Si birinchi tartibdagi
refleksining B-komponenti 20 = 24,92° da,u chinchi tartib refleksi esa 20 = 83,3° da kuzatiladi.

Asosiy refleksning yugori intensivligi (29423 impuls/sek) va uning torligi (FWHM =
5x107% rad) substratning kristall panjarasi mukammalligini tasdiglaydi.

Shu bilan birga, refleksning ou va a2 nurlanishlarga bo‘linmasligi va kichik burchaklar (20
= 10+30°) diapazonida inelastik fon darajasining nomutanosibligi kremniy panjarasida elastik
mikrozo‘rigishlar mavjudligini ko‘rsatadi. Elastik zo‘riqish asosan substratning yuza qatlamida
to‘plangan bo‘lib, bu kremniy (r = 0.42 A) va kislorod (r = 1.40 A) ion radiuslarining farqi hamda
termik zo‘rigishlar bilan bog‘liq.
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Kislorod ionlari kremniy ionlariga qaraganda katta bo‘lgani uchun ular energiya jihatidan
donalararo va bloklar (subkristallitlar) orasidagi bo‘shliglarda joylashishga moyil bo‘ladi[1-4, 6,
8-9]. Bu joylarda matritsa ionlari orasidagi kimyoviy bog‘lar to‘liq to‘yinmagan bo‘lib,
panjaraning ideal holatidan chetga siljishiga olib keladi. Natijada past simmetriyali tuzilma
shakllanadi. Buni tasdiglovchi rentgenogrammadagi reflekslar: (100) refleksi, d/n = 0,4349 nm
(26 = 20,4°) (101) refleksi, d/n = 0,3414 nm (20 = 25,93°). Bu reflekslar kontrol n-Si
namunalaridagi SiO: birikmasining kristallik shaklda ekanligini bildiradi. Ushbu SiO: fazasining
mavjudligi matritsada elastik zo‘riqish va kislorodning notekis tagsimlanganligini tasdiqlaydi.
Bundan tashqari, rentgenogrammada 20 = 16,3° da keng (FWHM = 2,8x1072 rad) diffuz aks
ettirish kuzatiladi. Bu to‘yinmagan bog‘lanishlarga ega SiOy struktura fragmentlari mavjudligini
ko‘rsatadi. Ushbu refleksning haddan tashqari kengligi bu fragmentlarning o‘lchami kichik
ekanligini va uzoq tartibga ega bo‘lmaganini bildiradi. Shunday qilib, bu struktura fragmentlari
SiOx nanokristallari emas, balki klasterlar ekanligi aniglandi.

InI, puls-s™ (111)g; Inl, puls-s™

104 @) Control n-Si, 1250 °C/50 h 104 b) n-Si<Lu> (T4~ 1250 °C/50 h)

=
—_
=
N’
=
It
@
o)
(100)si0,
_
=
—_
—_
N’
2

- (001),,

10° g
2

10% 10%-

4 “\\\\\\(lol)Sioz
2,

10 15 20 25 30 35 10 15 20 25 30 35
26,0 26,()

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

Rasm 1-b da lyutetsiy (Lu) atomlari bilan legirlangan kremniyning rentgenogrammasi
keltirilgan. U nazorat namunasi n-Si ning rentgenogrammasidan sezilarli darajada farg giladi.
Ko‘rinib turibdiki, asosiy kristallografik yo‘nalish (111) ga tegishli struktura aks ettirish
intensivligi deyarli 20 baravar kamaygan, shuningdek, sochilish burchaklari kattaroq tomonga 0,1°
ga siljigan. Yuqorida ta’kidlanganidek, kremniy atomlariga lyutetsiy atomlari kiritilganda, kristall
panjarasida mikro o‘zgarishlar yuzaga keladi, bu esa, o‘z navbatida, n-Si namunasi kristall
panjarasi doimiyligining kamayishiga olib keladi. Bundan tashqgari, Lu atomlarining kremniy
atomlari bilan o‘zaro ta’siri natijasida silitsidlar hosil bo‘ladi, natijada n-Si namunasi
rentgenogrammasida (001) va (100) kristallografik yo‘nalishlariga tegishli struktura aks ettirishlari
kuzatiladi. Shu bilan birga, Lu atomlarining n-Si namunalariga uzoq muddatli kiritilishi va
namunalarni tez sovutish natijasida, atomlarning yaqin tartiblanishi yuzaga kelishi tufayli,
ularning yuzasida o‘zgarishlar sodir bo‘ladi. Shu sababli, rentgenogrammada kichik sochilish
burchaklari sohasida SiLuxOy ga tegishli diffuz aks ettirish kuzatildi. Ushbu diffuz aks ettirish
fonida kremniy, lyutetsiy va kislorod atomlarining o‘zaro ta’siri natijasida hosil bo‘lgan
kristallitlarga tegishli struktura aks ettirishlari kuzatildi (Lu2SiOs), ular (001), (110) va (200)
kristallografik yo‘nalishlariga tegishli. Ushbu struktura aks ettirishlarining eksperimental
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natijalariga asoslanib, Lu>SiOs kristallitlari P21/c faza guruhiga tegishli ekani va monoklin
elementar katakka ega ekani aniglandi: a=b=0.6614 nm va ¢=0.9123 nm.

Xulosa Shunday qilib, lyutetsiy (Lu) atomlarining kremniy panjarasiga Kiritilishi kristall
tuzilishida mikro o‘zgarishlarga sabab bo‘ladi. Aniqlanishicha, lyutetsiy aralashma atomlari
kremniy atomlari bilan birikib, kristallik tartibga ega bo‘lgan har xil darajadagi silitsidlardan iborat
polikristallik sohalarni shakllantiradi. Ushbu polikristallik sohalar P6/mmm faza guruhiga tegishli
bo‘lib, ularning geksagonal elementar katagi quyidagi panjara parametrlari bilan tavsiflanadi:
a=b=0.4085 nm va ¢=0.3803 nm. Shuningdek, subkristallitlar chegaralarida 15+18 nm hajmli
mayda Lu,Os kristallitlari shakllanishi aniglandi, ular P3ml faza guruhiga tegishli bo‘lib,
uchburchak elementar katakka ega: a=b=0.3573 nm va ¢=0.5843 nm. Uzoq muddatli Lu atomlarini
n-Si namunalariga Kiritish va ularni tez sovutish natijasida ularning yuzasida SiLuxOy ga tegishli
bo‘lgan fragmentlar shakllanadi. Shuningdek, kremniy, lyutetsiy va kislorod atomlarining o‘zaro
ta’siri natijasida LupSiOs kristallitlari hosil bo‘lishi aniqlandi, ular P21/c faza guruhiga tegishli
bo‘lib, monoklin elementar katakka ega: a=b=0.6614 nm va ¢=0.9123 nm.
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DETERMINATION OF THE SURFACE STATE DENSITY AT THE
SEMICONDUCTOR-DIELECTRIC 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 MOS (Metal-Oxide-
Semiconductor) structure significantly affects the distribution spectrum of the surface state density
in relation to the semiconductor bandgap width. That is, the existence of charged centers in the
dielectric layer near the surface at the semiconductor interface alters the capacitance-voltage (C-
V) characteristics of the MOS structure, thereby influencing the distribution of the surface state
density. To calculate the distribution of the surface state density across the forbidden zone of the
semiconductor, the high-frequency C-V characteristics of the MOS structure in the dark are
typically used. This method is based on comparing the theoretical and experimental C-V
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 the
inversion region of the C-V 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 capacitance-voltage (C-V) characteristics

These deviations arise from the necessity of differentiating closely spaced values. To
determine the applicability limits of the mentioned method, an Al-SiO.—n-Si structure, obtained
by thermally oxidizing silicon—a widely used process in microelectronics—was utilized [65; 137-
140]. Five sample structures with an oxygen concentration of 3 % 107 cm™ were tested, each
measured five times under the same conditions. The obtained dark high-frequency capacitance-
voltage (C-V) characteristics were then 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 measurements
conducted on the studied system. The results indicate that the least variation occurs within the Ec
-0.2eVto 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 band
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edges (Figure 2, 1,2). In some cases, these variations exceed the acceptable error margin for the
differential distribution of surface state density across the semiconductor bandgap.

The primary cause of these variations is believed to be the following: When the applied
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 the voltage reaches a level that induces
surface conductivity, the process of recharging surface states is influenced by the capture of
electrons by the inversion layer charge.

Based on the above, the following conclusion can be  drawn:
The use of the high-frequency capacitance-voltage (C-V) characteristics method to determine the

differential distribution of surface state density across the semiconductor bandgap is limited to an
energy range of Ec - 0.2 eV to Ec - 0.7 eV.

]
—]
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Figure 2. Block diagram of the measurement 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 the
given order of UV radiation exposure, the concentration of generation 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 SILICON (Si<Hf>) 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, Uzbekistan, 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 that
create various defective centers in semiconductors due to the significant role of refractory
impurities in the formation of the properties of Si, the basic material of semiconductor micro- and
optoelectronics. There are still unresolved issues related to the interaction of various impurities
with uncontrolled impurities and structural defects in silicon and their impact on the parameters of
semiconductor devices.

In this work, the effect of oxygen content on the efficiency of radiation defect formation in
Si <Hf> irradiated with y—quanta of 60 C by capacitive spectroscopy methods was investigated
doped hafnium, was used as the studied samples when growing silicon from the melt. The content
of internode optically active oxygen No°" was 7x10%+ 9x10 cm,

Analysis of the DLTS spectra shows that hafnium atoms introduced into silicon in growth
are electrically neutral.

Fig. 1 and Fig.2 show typical DLTS spectra of n-Si and n-Si<Hf samples> with different
concentrations of optically active interstitial oxygen irradiated with g-quanta of 60C.

As can be seen from the DLTS spectra, as a result of gamma irradiation of control samples
n-Si with the content of internode optically active oxygen No®'=9x10%" cm, a new deep level

is introduced with ionization energy E - eV (peak A) and electron capture cross-section Sy=1x10"
14 ecm? (Fig. 1, curve 1). It was established that the values of the parameters of this deep level
coincide with the data of the work [1, 2] and relate to a known radiation defect - the vacancy-
oxygen complex (A-centers).

Silicon with an interstitial optically active oxygen content of No®"* of the order of 7x10® cm”
% was also studied. It was found that in such control samples of silicon (Fig. 1, curve 2),
y—irradiation introduces A — centers and E — centers with ionization energy Ec-0.43 eV and electron

capture cross-section s, = 1.8x101% cm™2,
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Fig.1. Typical DLTS spectra of control Si samples with different
oxygen content after gamma irradiation (curve 1:No°t = 9x1017 cm3, curve 2: No°Pt
=7x10% cm3),
Figure 2 shows the typical DLTS spectra of n-Si<Hf> samples with No%"* of the order of

8x10'® cm after y—irradiation. It has been established that as a result of irradiation in samples of
n-Si,
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Fig.2. Typical DLTS spectra of n-Si control samples (curve 1) and n-Si doped with
ytterbium (curve 2) after gamma irradiation: (wholesale No= 8x10 cm).

Doped with hafnium impurities, vacancy-oxygen complexes (A-centers) with a deep level
of Ec-0.17 eV and vacancy-phosphorus (E-centers) with an Ec-0.43 eV level are also formed. From
the analysis of the measured DLTS spectra, it follows that the presence of Hf atoms in Si leads to
a slowdown in radiation flaw formation: the concentration of the A-center in the samples n-Si<Hf>
is 2 times less, and the concentration of the E-center is 5 times less than in the n-Si control samples.

Thus, the efficiency of the formation of radiation defects such as vacancy-oxygen (A-
centers) and vacancy-phosphorus (E-centers) complexes significantly depends on the content of
optically active interstitial oxygen and a rare-earth impurity — hafnium. With a high oxygen content

of No%! of about 9x10Y ¢cm3, the formation of A-centers dominates, with a content of No°" of
about 7x10' cm3, the formation of E-centers dominates.
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POLIKRISTALL KREMNIYNI ELEKTROFIZIK PARAMETRLARIGA NIKEL
KIRISHMA ATOMLARNI TA’SIRINI DLTS METODI YORDAMIDA O‘LCHASH

Q.A. Ismaylov®. N.F. Zikrillaev?. SH.Z. Ollamberganov?, T.B.Ismailov?, Z.T. Kenjaev?
1Berdog nomidagi Qoragalpoq davlat universiteti
?Islom Karimov nomidagi Toshkent davlat texnika universiteti
osherzod12121212@gmail.com

Kremniy asosidagi materiallar bugungi kunda mikroelektronika va fotovoltaika sohalarining
asosiy tarkibiy gismlaridan biri hisoblanadi. Ushbu materiallar orasida monokristall kremniy
(mono-Si) va polikristall kremniy (poly-Si) keng o‘rganilib, amaliyotga tatbiq etilmoqda. Mono-
Si yuqori sifatli va nugsonsiz struktura bilan ajralib tursa-da, poly-Si o‘zining iqtisodiy
samaradorligi va ishlab chiqgarish jarayonidagi qulayliklari bilan alohida e'tiborga loyiqdir[1].
Polikristall kremniy ishlab chigarishda kam energiya talab qilishi va nisbatan arzon
texnologiyalardan foydalanish imkonini berishi tufayli ancha arzon materialdir. Bundan tashqari,
poly-Si kattaroq o‘lchamda ishlab chigarilishi bilan farq qilib, hajm jihatidan ko‘proq material
olish imkonini beradi, bu esa uni quyosh energiyasi sohasida keng qo‘llashga asos yaratadi. [2]

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 xususiyatlarini
o‘zgartirish va boshqarish imkonini berib, ilmiy tadqiqotlar va amaliy ishlanmalarning yangi
yo‘nalishlarini ochadi[3]. Aynigsa, poly-Si tarkibiga nikel kabi og‘ir metall atomlarini kiritish
orgali elektrfizik parametrlarni yaxshilash masalasiga alohida e’tibor qaratiladi[4]. Nikel
atomlarining donalararo chegaralarda to‘planishi va klasterlarning shakllanishi materialning elektr
o‘tkazuvchanligi, qarshiligi hamda relaksatsiya jarayonlariga sezilarli ta’sir ko‘rsatadi. Shu
sababli, polikristall kremniyga nikel kirishma atomlarni diffuziya gilishda zamonaviy texnologik
yondashuvlar orasida katta ilmiy va amaliy qiziqish uyg‘otmoqda. [5,]

Polikristall kremniy namunaga nikel kirishma atomlari 1000 °C haroratda ochiq atmosfera
sharoitida 30 minut vaqt davomida amalaga oshirildi.

Nikel kirishma atomlari polykristall kremniyni elektrofizik parametrlariga tasirini o’rganish
uchun DLTS (Deep Level Transient Spectroscopy) metodida o’lchovlari amalga oshirildi.
Buning uchun nikel kirishma atomlari bo’lgan va nikelsiz namunalar bir xil jarayonlardan o’tdi.
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DLTS metodlarini amalga oshirish uchun polykristall kremniy namunalari yuzasi saygallash va
jilolash bosgichlaridan o’tadi. Yuzada metall - yarimo’tkazgich kontakt xosil qilish uchun yuzaga
Au yotgizildi va metall — yarimo’tkazgich kontankti xosil gilindi.

DLTS (Deep Level Transient Spectroscopy) usuli yarimo‘tkazgichlarda chuqur darajadagi
nugsonlarni tahlil qilish uchun ishlatiladi. Bu usul, asosan, yarimo‘tkazgich materiallaridagi deep-
level (chuqur daraja) nugsonlarning xususiyatlarini aniglash, ularning energiya darajalarini va
zaryad tashuvchilarining tagsimlanishini o‘rganish imkonini beradi. DLTS o‘lchashlari
yarimo ‘tkazgichlarning elektr-xususiyatlari, zaryad tashuvchilari va nugsonlarning tagsimlanish
mexanizmlarini aniqlashda muhim ahamiyatga ega. DLTS wusuli, yarimo‘tkazgichdagi
nugsonlarning konsentratsiyasini aniglashga imkon beradi. Bu nugsonlar donalararo chegaralar,
yarimo ‘tkazgichning p-n o'tishida yoki metall-yarimo‘tkazgich interfeyslarida joylashgan bo‘lishi
mumkin. DLTS usuli yordamida zaryad tashuvchilarining rekombinatsiya va generatsiya
mexanizmlarini o‘rganish mumkin .
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3-rasm. Polykristall kremniyning dlts o‘Ichashlar natijalari. (S1- nikel kirishma
atomlari bo‘lmagan namuna. S2 — nikel kirishma atomlari bilan ligerlangan namuna

S1 grafigida AC/C qiymatining katta tebranishlari va cho‘qqilar kuzatiladi, aynigsa past
harorat diapazonida (~100 K atrofida). Bu kremniydagi tabiiy defektlarning ko‘pligi bilan bog‘liq
bo‘lishi mumkin. Elektr-fizik xususiyatlar defektlarning ta’siri tufayli sezilarli darajada o‘zgaradi.
AC/C qiymatlari harorat oshishi bilan katta tebranishlar ko‘rsatadi. Bu materialning haroratga
nisbatan barqaror emasligini ko‘rsatadi. Grafikdagi keskin o‘zgarishlar material ichidagi defektlar
va tuzilma buzilishlarining kuchli ta’sirini ifodalaydi. Bu S1 materialining barqaror emasligini
bildiradi.

S2 (nikelli) uchun asosiy farqlar va o‘zgarishlar: S2 grafigida AC/C qiymatlarining
tebranishlari kichikroq va yumshogrog. Bu nikel Kkiritilishi orgali defektlarning gisman
passivlanishini ko‘rsatadi. AC/C qiymatlari harorat ortishi bilan nisbatan izchilroq o‘zgaradi. Bu
materialning elektr-fizik parametrlarining haroratga nisbatan yaxshiroq moslashganini ko‘rsatadi.
S2 grafigida AC/C ning tebranishlari kichikroq va yumshoqroq ko'rinishda. Bu nikelning
kremniyda defektlarni passivlashtirishi va elektr-fizik parametrlarning bargarorligini oshirganini
ko'rsatadi.
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Xulosa:

1. Nikel donalar chegaralarida to‘planib, u yerdagi zararli defektlarni passivlashtirgan
bo‘lishi mumkin. Bu esa umumiy ravishda materialning dielektrik va elektr bargarorligini
oshirgan.

2. AC/C qiymatining 0 ga yaqin bo‘lishi materialning elektrfizik parametrlarini

yaxshilanganligini anglatadi. Bu, aynigsa, chuqur darajalarning kamayishi va rekombinatsion
markazlarning yo‘q qilinganligini tasdiglaydi

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

4. Peaklarning kamayishi materialning sifatini yaxshilanganidan dalolat beradi. Bu nikelning
zararli defektlarni samarali passivatsiya qilganini va chuqur darajalarning hosil bo‘lishini
cheklaganini ko‘rsatadi

Adabiyotlar

1. Polikristallicheskie poluprovodniki. Fizicheskie svoystva i primeneniya /per. s angl./ pod. red.
Xarbek G. — M.: Mir, 1989. — 344 s.

2. Borisenko V.E. and Hesketh P.J. 1997 Crystallization.Impurity diffusion and segregation in
polycrystalline silicon. Rapid Thermal Processing of Semiconductors Microdevicesed
V.E.Borisenko and P.J.Hesketh (Boston. MA: Springer). pp.93-111.

3. D. V. Lang. Deep-level transient spectroscopy: A new method to characterize traps in
semiconductors. Journal of Applied Physics, 45(7):3

4.  Bakhadyrkhanov, M.K. and Kenzhayev, Z.T., Optimal conditions for nickel doping to
improve the efficiency of silicon photoelectric cells, Tech. Phys., 2021, vol. 66, no. 7, p. 851

5. Ismaylov, B.K., Zikrillayev, N.F., Ismailov, K.A., and Kenzhaev, Z.T., Clusters of impurity
nickel atoms and their migration in the crystal lattice of silicon, Phys. Sci. Technol., 2023,
vol. 10, nos. 1-2, p. 13. https://doi.org/10.26577/phst.2023.v10.i1.02

2D O‘'LCHAMDAGI GRAFIN KVANT SIG‘IMINING O ‘YUCH MAYDON
TA’SIRIDA O‘ZGARISHI

M.G. Dadamirzayev, M.O. Kosimova, B. A. Xusanboyev
Namangan muhandislik-qurilish institute

So‘ngi yillarda 2D o‘lchamdagi uglerod atomlaridan tuzilgan grafin, nanoelektronika
sohasida katta qizigish uyg‘otib kelmogda Nano o'lchamli qurilmalarni loyihalashda muhim
miqdor kvant sig‘imidir [2]. Grafin nanoqatlamlarida elektrostatik potensial Uch va elektronning

zaryadi q va kvant sig’im ta’rifidan C, = ddq foydalanib, 2D o‘lchamli grafin uchun
ch
29°kT qu
=———In[2(1+cosh—= 1
“ x(hS)? L2 KT ) @)

ifoda kelib chigadi (1-rasm) [1].
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2D o‘lchamli grafin kvant sig‘imi (1) ifoda yordamida aniglanadi. Ushbu ifodadan
foydalanib, O‘YuCh maydon, ya’ni T,,T, >T bo‘lganda 2D o‘lchamli grafin kvant sig’imi
formulasini keltirib chigarish mumkin.
_20°K(T - T,,)
K r(h8.)’
Bu yerda, q — elektronning zaryadi, k — Bolsman doimiysi, T — panjara harorati, Ten —
electron va kovaklar harorati bo‘lib, ular O“YuCh maydon ta’sirida panjara haroratidan yuqori

In[2(1+ coshqliJ—TC“)] )

bo‘ladi. 7 = 21 ga teng bo‘lib, =6,63-10*J s, 9. =10’ % -grafenda zaryad tashuvchilarning
T

Fermi tezligi [1], Ucn — elektrostatik potensial.

2D o‘lchamli grafen Dirak nugtasi - grafenning elektron tuzilmasidagi fundamental
xususiyat bo‘lib, u elektronlarning energiya va impuls bog‘lanishini aniglovchi Dirak
konuslarining (Grafen atomlari karbonning geksagonal kristall panjarasini hosil giladi.
Elektronlarning energiya va impulsga bog‘liq grafigi (energiyali zonalar diagrammasi) yuqori va
pastki energetik konus shaklida bo‘ladi. Bu konuslar K va K' nuqtalarda bir-biriga tegadi. Bu nugta
Dirak nuqtasi deb ataladi.) uchrashgan nugtasidir. Bu nuqgtada elektronlarning energiyasi bo‘ladi,
ya’ni Fermi energiyasi Dirak nuqtasiga mos keladi. Elektronlar Dirak nuqtasida massasiz bo‘lib,
ular yorug‘lik tezligiga o‘xshash tezlikda harakat qiladi. Dirak nuqtasida grafen yarim metall kabi
harakat qiladi. U yaxshi o‘tkazgich bo‘lib, uning o‘tkazuvchanligi tashqi sharoitlarga kuchli
bog‘liq bo‘ladi. O‘YuCh maydon 2D o‘lchamli grafin Dirak nuqtalarini o‘zgartiradi. O'YuCh
maydon grafinda elektronlarning energiya spektriga dinamik ta'sir ko'rsatadi. Yuqori chastotali
elektromagnit maydon grafinda Floquet-Bloch 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 nugtalari joylashuvi o'zgarishi yoki turg'un
holatdagi yangi Dirak nuqtalari paydo bo'lishi kuzatiladi. Grafinda elektronlar uzun masofalarda
to‘gnashuvlarsiz harakatlanadi, bu esa an'anaviy yarimo‘tkazgichlardan farqli, juda samarali p-n
o‘tish hosil giladi. An‘anaviy yarimo‘tkazgichlardan farqli ravishda, grafin p-n o‘tishlari katta
shaffoflik ko‘rsatadi, ya’ni elektronlar yuqori ehtimollik bilan p-n o‘tishdan o'tadi. Bu 2D
o’lchamli grafen kvant sig’imini ortishiga olib keladi.

(2) ifoda yordamida 2D o‘Ichamli grafin kvant sig‘imining kuchlanishga bog‘liqlik grafigini
olish mumkin.

003 T

~T=300K |

_ —T=350K |

\ \  —T=d00k /|
\ |\ —T=450K [ /

2-rasm. 2D o‘lchamli grafin kvant sig‘imining elektrostatik potensialga bog‘liqligi
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2 —rasmdan ko‘rinib turibdiki, O‘YuCh maydon ta’sirida 2D o‘lchamli grafen kvant sig‘imi
ortib boradi. Agar elektromagnit maydon polarizatsiyasi aylanma bo'lsa, grafinda energiya
spektrida topologik bo'shliq hosil bo'lishi mumkin. Bu hodisa yangi fizik xususiyatlarga olib
keladi. Grafen kvant sig‘imi O‘YuCh maydoni ta'sirida nolinear o‘zgaradi. Sig‘imning minimal
giymati Dirak nuqtasida kuzatiladi. Zaryad tashuvchilarni kuchliroq konsentratsiyalash orgali
sig‘imni sezilarli darajada oshirish mumkin.

O‘YuCh maydon ta’sirida 2D o‘lchamli grafen kvant sig‘imi ortib boradi. Grafen yuqori
darajada zaryad tashuvchilarni yig‘ish imkoniyatiga ega bo‘lgani uchun, uning kvant sig‘imining
ortishi gazlar, biomolekulalar yoki boshga kimyoviy moddalarni aniglashda sensorlar sezgirligini
ortiradi. Kvant sig‘imining ortishi grafenning energiyani samarali saqlash qobiliyatini ortiradi,
chunki ko‘proq zaryad tashuvchilarni to‘plash va gayta bo‘shatish imkoniyati paydo bo‘ladi. Tez
zaryadlanadigan va yuqori quvvat sig‘imli energiya saqlash qurilmalari ishlab chiqish imkonini
beradi. Grafen kvant sig‘imining ortishi elektronlarning transport xususiyatlarini yaxshilaydi. Bu
uni yugori samarali tranzistorlar uchun ideal materialga aylantiradi. Grafen asosidagi tranzistorlar
odatdagi kremniy tranzistorlariga garaganda yuqoriroq tezlik va quvvat samaradorligini
ta'minlaydi.

Grafen kvant sig‘imining ortishi fotonlarni (yorug‘lik zarrachalari) samarali boshqarish va
ulardan foydalanish imkonini beradi. Yugori samarali quyosh panellari, shaffof displeylar va
lazerlar yaratishda ishlatiladi.
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VOLFRAM BILAN LEGIRLANGAN KREMNIYDA HOSIL BO‘LGAN
NUQSONLARNI O‘RGANISH.

Sh.B. Utamuradova, J.J. Khamdamov, Y.Z.Mardiyev, S.M. Abduraimov,
F.O. Boboyev
O zbekiston Milliy universiteti huzuridagi yarimo ‘tkazgichlar fizikasi va mikroelektronika
instituti, Toshkent, O zbekiston

Yarimo‘tkazgich materiallar orqali turli xil elektronika qurilmalari uchun materiallarni
ishlab chiqish va takomillashtirish zamonaviy fan va texnikaning asosiy yo‘nalishlari bo‘lib
golmoqda. Yarimo‘tkazgichli qurilmalar uchun asosiy material bo‘lgan kremniy o‘ziga xos
xususiyatlarga ega [1-3]. Birog, uni yanada takomillashtirish uchun turli xil element atomlarini
qo‘shish kerak. Kremniy kristall panjarasiga boshqa elementlarning atomlarini kiritish uning
xususiyatlarini sezilarli darajada o‘zgartirish va yuqori samarali elektron qurilmalarni yaratish
uchun yangi imkoniyatlar ochish imkonini beradi.
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Kremniy strukturasiga va elektrofizik xususiyatlariga ta’sirni o‘rganish uchun qiyin eruvchi
materiallardan biri volfram atomlaridan foydalanildi. Yarimo‘tkazgichlar sohasida qiyin eruvchi
materiallar bilan kremniy monokristalini legirlash orqali kristal panjaraning o‘zgarishlari, sirt
hodisalari, yuqori temperaturaga chidamli hamda radiatsiyaga chidamli elektron qurilmalar
tayyorlash bugungi kunning dolzarb masalalaridan biri bo‘lib qolmoqda.

Volfram bilan legirlangan kremniy tarkibidagi o‘zgarishlarni bir qancha zamonaviy
qurilmalar va metodlardan foydalanish orqali o‘rganildi. Qilingan tajriba va o‘lchashlar orqali
kremniy namunasi tarkibida turli molekulyar bog‘lanishlar hosil bo‘lishi Raman spektroskopiyasi
yordamida o‘rganildi. Bundan tashqari, kristall tuzilishidagi nuqgsonlar tahlil qilindi.

Tajribani bajarish KDB-0,3 om-cm (p-Si) qarshilikka ega bo‘lgan monokristalli kremniy
namunalari tanlangan. Namunalarning dastlabki qalinligi do=2000 mkr bo‘lib, sirtdan
ifloslantiruvchi moddalar va oksid gatlamlarini olib tashlash uchun M=20, M=14, M=8 karbid
kremniy kukun yordamida namuna ikki tomonini 20 mkr dan olib tashlandi. So‘ngra 7 bosqichda
to‘liq kimyoviy tozalashdan o‘tkazildi. Bunga kislota-peroksidni yuvish, so‘ngra ftorid kislota
(HF) eritmasida ishlov berish orqgali erishildi, bu oksidlarni butunlay olib tashladi va keyingi
yotgiziladigan gatlam uchun toza kremniy sirtini ta'minladi.

Tozalashdan so‘ng, kremniy yuzasiga yuqori toza (99,999%) volfram ( W ) gatlami
bug‘lantirildi. Volfram qatlamni hosil qilish uchun VUP-4 (Vakuum unversal post) qurulmasi
orqali, yuqori vakuum sharoitida (10~ Torr ) volfram atomlarini bug‘lantirish amalga oshirildji,
bunda kremniy yuzasida volfram atomlarining bir xil tagsimlanishini taminladi. Qotishma jarayoni
termal diffuziya usuli yordamida amalga oshirildi. Tayyorlangan p-Si namunalari toza kvarts
ampulalariga joylashtirildi va ochiq havoda 5 soat davomida 1573 K (1300 °C) haroratda diffuziya
gilindi. Keyinchalik katta nugsonlarning paydo bo‘lishiga yo‘l qo‘ymaslik va kremniy kristall
panjarasida volframning bir xil tagsimlanishini taminlash uchun namunalar tez sovutildi. Tez
sovutish, shuningdek, nanokristallitlarning shakllanishiga va boshqa tarkibiy o‘zgarishlarga ta’sir
ko‘rsatishi mumkin bo‘lgan namunalarda ichki nugsonlarni ortib ketmasligiga yordam beradi.
Termal diffuziyadan so‘ng, volfram kirib borgan chuqur qatlamlarni tekshirish uchun
namunalarning 2 mkm qalinlikdagi sirt gatlami olib tashlandi. Bu mexanik ishlov berish va
kimyoviy tozalash yordamida amalga oshirildi, bu strukturaviy o‘zgarishlarni turli xil
chuqurliklarda o‘rganish imkonini berdi.

Dastlab FTIR (Fourier transform infraqizil) yordamida toza p-Si ning NOopt konsentratsiyasi
aniglandi, unga ko‘ra kislorod konsentratsiyasi 2,486-10%" cm=. Keyingi bosgichda p-Si <wW>
na’munani NOgpt kontsentratsiyasini aniqladik, unga ko‘ra kislorod kontsentratsiyasi 7,351-10%
cm? ortgani ma’lum bo‘ldi. Bunday ortib borishiga asosiy sabab sifatida volfram atomlari
diffuziya vagtida kislorod bilan molekulyar birikmalar hosil gilgan, hamda bu jarayon ochiq
havoda diffuziya qilish ta’siri natijasida hosil bo‘lgan deb aytish mumkin. Bu hodisaga Raman
tahlilida yana ko‘rib o‘tamiz.

Volfram bilan legirlangan kremniyni 4 zont orqali solishtirma qarshiligini o‘rganishda ham
natijalar tahlil gilindi. Bunda biz dastlabki namuna bilan, termal diffuziya orqgali volfram bilan
legirlangan namunani tahlil qildik. Ushbu namunalarni aniq qalinlik bo‘yicha o‘zgarishi ham tahlil
gilindi. Dastalabki namuna p-Si kremniyning solishtirma qarshiligi p = 0.3 om - cm bo‘lgan
bo‘lsa, termal diffuziya orqali p-Si<W> legirlangandan so‘ng namuna sirtidan 2 mkr olinganda,
solishtirma qarshiligi p = 0.5 — 0.53 om - cm ga ortganni ko‘rish mumkin. Tajriba davomida
termal diffuziya orgali p-Si<W> legirlangan namuna sirtidan 10 mkr olib o‘Ichaganimizdan so‘ng,
solishtirma qarshilikning o‘zgarishi p = 0.43 — 0.45 om - cm tashkil gildi.
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Volfram atomlarini kremniy atomlari bilan molekulyar bog‘lanishini tekshirish magsadida
Raman spektrometeridan foydalanildi. Natijalar Ocean Insight to‘lqin uzunligi 785 nm bo‘lgan
Raman spektrometr qurulmasida olindi [4-5]. Raman natijasiga ko‘ra dastlabki p-Si namunasida
quyidagi Raman siljishlari aniglandi.

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

1-rasmda dastlabki p-Si namunamizda (180,07), (307,94), (523,93), (708,8), (780,75),
(952,38) va (2639,32) piklarimiz aniqlandi. Bu Raman siljishlar bizga molekulyar bog‘larni
nomoyon qiladi va namunamizda birinchi tartibli sochilishning intensivligi ko‘ndalang (TO)
(Atomlarning harakati to‘lqin tarqalish yo‘nalishiga perpendikulyar) va uzunlamasi (LO)
(Atomlarning harakati to‘lqin tarqalish yo‘nalishiga parallel) optik fononlarga bog‘liq
malumotlarni olish imkoniyatini yaratadi. Bizga ma’lumki TO Raman spektrda past chastotali pik
sifatida kuzatiladi, LO Raman spektrda yugori chastotali pik sifatida kuzatiladi, hamda TO va LO
namunaning optik sohalarini o‘rganishga yordam beradi. Bundan tashqgari namunada akustik
sohalar ham mavjud bo‘lib, ular TA va LA bilan belgilanadi. Bo‘ylama akustik tebranish (LA)
(Atomlarning harakati to‘lqin tarqalish yo‘nalishiga parallel) hamda ko‘ndalang akustik
tebranish (TA) (Atomlarning harakati to‘lqin tarqalish yo‘nalishiga perpendikulyar) bo‘lgan
sohalar ham o‘ganiladi[6].

O‘Ichashdan ko‘rinadiki 180 cm™ TA akustik sohaga mos keladi, 307 cm™ 2TA akustik
sohani ko‘rsatadi, boshqa adabiyotlarda kuzatishlar bu soha amorf sohalarga tegishli bo‘lishini
takidlashadi, 523 cm™ optik sohada TO+LO sohalarni mavjudligini ko‘rsatadi, 952 cm™ 2TO optik
sohani namoyon giladi, 2639 cm™ bu hech gaysi optik yoki akustik sohaga to*g‘ri kelmaydi, fonon
soha emas, bu nugta asosan uglerod birikmalari (masalan C-H bog*)ni ko‘rsatadi. Bundan tashqari
800-850 cm™ oraligda simmetrik cho‘zilish hosil bo‘lgan, bu asosan Si-O bog‘larni ko‘rsatadi
ya’ni TO+TA sohalar hosil bo‘lishiga olib keladi. Bu simmetrik cho‘zilish sohasida amorf
xususiyatlar namoyon bo‘ladi va 708 cm™ va 780 cm™ Si-Bg piklar hosil bo‘lganini ko‘rish
mumkin, bu nugtalarda ham TO+TA sohalar hosil bo‘ladi. Yuqorida aytib o‘tilgan 307 cm™ 2TA
akustik soha ham amorf xususiyatiga tegishli bo‘lib Si-B ning molekulyar bog‘lanishini
ko‘rsatadi[7].
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2-Rasm. 1. Dastlabki namuna KDB-0.3 (om cm) (p-Si), 2. p-Si<W>, 3. p-Si<W>-
sirtidan 10 mk olingan.

Volfram bilan legirlangan p-Si kremniyning Raman spektrometrida tekshirish bir muncha
qiziq holatlarni ko‘rsatib berdi. Bunda piklarning intensivliklari o‘zgarishini, piklarning
markazlarining siljishlarini, piklarning kengayishi va torayishini ko‘rish mumbkin.

Tajriba jarayoni p-Si namunaga (W) volframni legirlashni ochig havoda, 1300 C haroratda,
5 soat mobaynida diffuziya jarayoni amalga oshirilgan. Tajribada yuqgorida aytilganidek sovutish
jarayoniga alohida e’tibor qaratilgan. 2-rasmda, 2-qizil chiziq grafigida ko‘rinib turubdiki, Si-Si
bog‘lari ya’ni 523 cm™ Raman siljishining intensivligi sezilarli ortib ketgan va boshga piklarning
markazlari sezilarli darajada siljigan yoki kengaygan. Bu o‘zgarishlarni yanada chuqurroq
o‘rganish magsadida, p-Si<W> namuna sirtidan 10 mkr galinlikda mexanik va kimyoviy usulda
olib tashlandi. Natijalarni 2-rasmda, 3-binafsha chiziq grafigida hosil bo‘ldi. Bunda ham gator
o‘zgarishlar mavjud bo‘lib, asosiy sohalarda intensivlikni kamayishi, pik markazlarining siljishi,
hattoki amorf sohaning ko‘tarilishini ko‘rish mumkin. Bunday natijalarni tahlil qilish uchun har
bir sohalarni alohida gisimlarga ajratib chiqish aniq natijalarni ko‘rsatadi, hamda natijalarni
solishtirish magsadga muvofiq bo‘ladi.

Yarimo‘tkazgichli materiallarni, xususan kremniyni legirlash orqali ularning elektrofizik
xususiyatlarini takomillashtirish zamonaviy elektronika uchun muhim ahamiyatga ega. Volfram
kabi qiyin eruvchi materiallar bilan legirlash radiatsiyaga chidamlilik va yuqori haroratga
bardoshli qurilmalar yaratish imkoniyatini beradi. Kremniy namunalariga volfram gatlami yuqori
vakuum sharoitida (10°¢ Torr) cho‘ktirildi va 1573 K haroratda 5 soat davomida diffuziya qilindi.
Tez sovutish jarayoni orgali kristall panjaradagi nugsonlarning ortib ketishi oldini olindi. Raman
spektroskopiyasi, FTIR va solishtirma qarshilik o‘lchovlari kabi usullardan foydalanildi. Volfram
diffuziyasi natijasida kislorod konsentratsiyasi sezilarli darajada oshdi (2,486-10'” dan 7,351-10""
cm gacha). Solishtirma qarshilik 0,3 om-cm dan 0,5-0,53 om-cm gacha ortib, volframning
elektrofizik xususiyatlarga ta’siri ko‘rsatildi. Raman tahlili orgali Si-Si, Si-O, Si-B bog‘lanishlari
va amorf sohalardagi o‘zgarishlar aniqlandi. Piklar intensivligi va siljishlari volframning kristall
panjaraga ta’sirini ko‘rsatdi. Volfram bilan legirlangan kremniy yuqori sifatli elektron qurilmalar
ishlab chigarish uchun istigbolli material hisoblanadi. Keyingi tadgiqotlarda diffuziya parametrlari
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va sovutish sharoitlarini optimallashtirish orgali materialning xususiyatlarini yanada yaxshilash
mumkin.
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Hayuonanvrom ynusepcumeme Yzbexucmana

UccnenoBanust mpoiieccoB (HOpMUPOBaHUS CKOIUICHUH NPUMECHBIX aTOMOB B 00beMe
MOJIYTIPOBOJHUKOBBIX MaT€pUAIOB MPHU BBICOKOTEMIIEPATYpHOM (D PY3MOHHOM JIETUPOBAHUH,
MPEJICTABISIIOT OCOOBI HMHTEpeC ¢ TOYKH 3pPEHUS YIPaBICHUS HUX JIEKTPOPU3HMUECKUMH,
(OTORNIEKTPUIECKUMH, ONTHUYECKUMU U MEXaHUYECKHMMH CBOWCTBaMU. B 3TOM HampaBieHUU
0COOBIi  WHTEpeC MPEICTABISIIOT  HCCIEAOBAHUS, HAMpaBIEHHBIE Ha  OMpefelieHue
MOCIIE0BATEIHLHOCTH MPOIIECCOB (POPMHUPOBAHUS CKOIJICHHM MPUMECHBIX aTOMOB, a TaKKe HUX
MOP(]OJIIOTHYECKUX MapaMeTpoB. M3ydeHuro MoBeleHHs MPUMECHBIX aTOMOB 3JieMeHTOB 3d-
MEPEXO0IHOM IPyMNIbl B KPUCTAIITHYECKON CTPYKTYpe KpeMHus npu 1udy3MOHHOM JIETUPOBAHUU
MOCBSAIICHO JIOCTaTOYHO OOJBIIOE KOJMYECTBO OKCIEPUMEHTANBHBIX HccienoBanuii [1-3].
OpnHako MPUCYTCTBUE Pa3IMUYHBIX CTPYKTYPHBIX N€(EKTOB BO BpeMs JIETUPOBAaHUS OCHOBHOM
MPUMECH YCIIOKHSET OMpeelieHne PO KaXKIOTo M3 ATHX AePEeKTOB B Mpolecce 00pazoBaHuUs
npuMecHbIX JepekToB [4,5]. [loaToMy IS BBISBICHHS ITOCIEIOBATEIBHOCTH (HOPMHPOBAHHUS
NPUMECHBIX CKOTIJICHUH HUKENS B KPEMHUU HEOOXOJMMBI CTPYKTYPHBIE HCCIIEI0BAaHMs 00pas3IioB,
MOJIYYCHHBIX TPU Pa3IHYHBIX YCIOBUAX TUDDy3un.
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HccnenoBanust MOpP(HOJIIOTHH TPUMECHBIX CKOIUICHHH aTOMOB HUKENS B KPEMHHH,
POBOIMIA METOJIOM 3JIEKTPOHHO-30HJ0BOTO MUKPOAHAJIHM3a C TIOMOIIIBIO YCTaHOBKH SUperprobe
JXA-8800R. Muddy3us mpumeceil HUKENIS B KPEMHHH TPOBOIWINCH B JJEKTPUUYECKOW IEUH
conpotusiieHuss tuna CYOJI-4M npu temneparype T=1275 °C, B Teuenue 2 yacos. llocne
TG (HY3MOHHOTO OTXKUTA 00pa3lbl OXJIAXKTATUCH OBICTPBIM (Voxi =250 °C/C) W MenneHHBIM
(Voxn=0,05 °C/C) criocoboM.

[Mony4ennsle pe3yabpTaThl HccineaoBaHui ¢ oopasiamu N-SI<NI>, ¢ OBICTPBIM OXJIAXKICHUEM
Voxr=250 °C /c, mocne muddy3noHHOTO OTKUTA TIOKA3ald, 4TO B 00beMe 00pa3ioB GOpMHUPYIOTCS
TIPHMECHBIE MMKPOBKIIOUEHHS, pa3Mephbl KOTOPBIX AocTUraroT a0 ~2-10° m. Dmexrponuo-
30HJIOBBIM AHAJIU3 JJAHHBIX CKOIUIEHMM IOKa3ajl, 4TO OHU MMEIOT MHOTOCIIOMHYIO CTPYKTYpY,
COCTOALIMX M3 Pa3JIMYHBIX THUIIOB CHWIMLUAOB HHKENs C HWIII000pa3HOW, AMCKOOOpa3HOM,
JTMH3000pa3HON MM CIO0HON MHOTOTPAaHHON reomerpuueckoi ¢popmoit. [To o6bemy 00pasios
VX TIOTHOCTb, B CPeHEM cocTaBiseT ~2-10° mm,

MHUKpPOCTPYKTYpHbIE aHaIi3bl 00pa3iioB N-SI<NI>, 0XJIaXAEHHBIX CO CKOPOCTHIO Voxn =0,05
°C/c mocne nudpy3MOHHOTO OTXKHUra MOKa3adh, YTO B UX O0OBEME 00pa3yroTcs MPUMECHbBIE
MHKPOBKIIFOUEHHs pazMepoM 0 ~7-10° M, KoTopsle MMEIOT NTHH3006pa3Hy0 U chepuuecKyro
dbopMy mnm MHoOrorpanuyroo ¢opMmy Omm3kyro K cdepudeckoii. [1ogoOHBIE MUKPOBKIIOUEHUS
MMEIOT MHOTOCIOHHYIO CTPYKTYPY H MX IJIOTHOCTB cocTaBseT ~5-10% mm™3,

W3 momy4yeHHBIX SKCIEPUMEHTAIBHBIX PE3YJIBTATOB YCTAHOBIIEHO, YTO BETMYNHA CKOPOCTH
oxyaxaenuss oopasioB N-Si<Ni> mnocie auddy3noHHOr0 OTKHra CyIIECTBEHHBIM 00pa3om
BIMSET Ha CTPYKTypHBbIE TapameTpbl, Ha (OpMBI W pa3Mepbl O0Pa3yIOUMXCS HPUMECHBIX
ckorieHnid. Kak BBIACHSIIOCH, YeM MEHbIIE 3HAaYCHHE CKOPOCTH OXJIAXKICHHS 00pa3loB MOCIe
Tuh Yy3MOHHOTO OTXKUTA, TeM OOJIbIlE BEPOSTHOCTH OOpa30BaHMs OTHOCHUTENBHO KPYIHBIX
CKOIUIEHUH co cheprueckoil popMoit, KOTOPBIE COCTOSIT U3 HECKOJIBKUX CI0EB CUIIMIIN/IA HUKEIIS.

KomrmuiekcHble MccleoBaHUS XMMHUYECKOTO COCTaBa Ka)JA0H OOOJOUKH, COCTABISIONIUX
MPUMECHBIE CKOIUICHHsSI, TO3BOJIUIN BBISBUTH COOTHOIIEHHE aTOMOB OCHOBHOM MpHMecH U
TEXHOJIOTUYECKUX TPUMECEH TaKUX Kak Kele30, XpOM, Mellb U JPYrHe B KaKIOH CHIHIIMTHON
o0osyouke. 3aBHCHMOCTh KOHIIEHTPAIlMM MPHUMECHBIX aTOMOB OT JHaMeTpa TPEXCIOHHOTO
TIPMMECHOTO CKOIUTeHHs cdepudeckoii dopmbl pasmepom d=2-10° M B o6pasmax n-Si<Ni>,
npuBeneH Ha puc. 1. Kak BUIHO, TIpOIEHTHAsI OJI1 aTOMOB HUKEJS MO 00beMy MPUMECHOTO
CKOIUICHHS yBETUYMBAETCS MO HAMPABIEHUIO OT MOBEPXHOCTH K IEHTPY MHUKPOBKIIOYEHHUA. B
MOBEPXHOCTHOM CIIO€ CKOIUICHHWsS TMPOILIEHTHAs JOJisi aTOMOB HMKens cocTaBiser ~40%, a Ha
CJIeMyelIeM CJIoe CKOIUICHHUSI ATO 3HAUYEHUE YMEHBIAeTCsl U cocTaBisieT ~32%. B nenTpaibHOM
CJIoe TIPUMECHOTO CKOIUICHUS JaHHOe 3HadyeHHWe coctaBiuser ~25%. Kpome storo, B oObeMme
JTAHHOTO CKOIUICHUS BBISBICHO MPUCYTCTBHE aTOMOB TEXHOJIOTHYECKHX IMPHMECEH, TaKMX Kak
XKeJe3a v Mellb, B pacrlpele]IeHuH KOTOPBIX TaKKe HAaOJTI0AaeTCsl ONpeIeIeHHAs! 3aKOHOMEPHOCTD.

Kpowme storo, Ha puc. | mpuBeneHbl rpaduKy pacrpeneieHrsl aTOMOB Kelne3a U MeIH 0
JTUAMETPY 3TOTO CKOIUICHHs. B 1ieHTpaabHOI YacTH JAHHOTO MPHUMECHOTO CKOTUICHUS MPOIICHTHAs
nonst atomoB Fe cocrasmsietr ~0,3 %, a ans atomoB Cu oHa cocraBmnsieT ~0,2 %. B mocnenyemem
clioe CKOIUIeHHs aiisi aToMoB Fe manHoe 3Hauenue pasusercs ~0,25 %, a nans atomoB CU oHa
cocraisieT ~0,15 %. B moBepXHOCTHOM CJIO€ TIPUMECHOTO CKOIIICHHS TIPOIICHTHAS JIOJIST aTOMOB
Fe u Cu cocrasmsror ~0,15 % u ~0,08 % cOOTBETCBEHHO.
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Puc. 1. Pacnipenesienue npuMecHbIX aToMOB Ni, a Takike aTOMOB Te€XHOJIOIMYECKHX
npumeceii Fe u CU no quamerpy ckonjenus, pasmepom d=2-10° m co cpepuueckoii
(dhopmoii B o6pasmax n-Si<Ni>.

Taxum 06p8.30M, Ha OCHOBC IIOJIYYCHHBIX PE3YJIIbTATOB I/ICCJ'IC,I[OBaHI/II‘/‘I XHUMHNYCCKOI'O
cocTaBa IMPHUMECHBIX CKOIUICHHMH HHKeIst B oOpasmax N-Si<Ni>, BBIABICHO, YTO KOJHYECTBO H
pacrpeziefieHue IPUMECHBIX aTOMOB 110 00bEMY CKOIIJICHHH 3aBUCUT OT UX pa3mepa u ¢popMmel. B
00BbeEME MHOT'OCIOHHBIX MMPUMECHBIX CKOIJICHUN MakKcHUMallbHas J0JI1 aTOMOB anMeceﬁ KakK
OCHOBHBIX, TaK U TEXHOJIOTHYCCKHUX anMeceﬁ HaxXoJUTCA B UX HCHTPAJIBHOM CJIOC. KpOMe 3TOTO,
YCTaHOBJIEHO, YTO BEJIMYMHA CKOPOCTU OXJaKIEHHS 00pa3loB, nocie AudPy3noHHOro OTKHUra
CYILIECTBEHHBIM 00pa30M BIIMSET Ha MOP(OJIOrHUECKHE MapaMeTpbl 00pa3yrOIIMXCsl TPUMECHBIX
CKOIUICHUH.
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CHWXEHUE BO3JIENCTBUA BHEIIHUX ®AKTOPOB ITPA CO3IAHUM
OKCHUJHBIX CTPYKTYP HA OCHOBE KPEMHUA

HI.X. Janues, ®.A. Canaposn
HUU ¢uzuxu nonynposoonukos u muxkposnekmponuxu npu HYY3 um. M. Yiyebexa,
Vsoexucman, 100057, Tawxenm, yn. Aneu Anmazap, 20

“e-mail: sfa@inbox.ru

AHHoTanus. VccnenoBanue nepexoqHoOro ciosi Ha IpaHulle OKCUIHBIX CTPYKTYp Urpaet
KIIFOYEBYIO POJIb B MUKPO- U HAHOAJIEKTPOHMKE. B nanHO paboTe n3ydaeTcs BIUSHUE BHEIITHUX
(bakTopoB Ha cBoOiicTBa MepexoAHbIX CI0EB Si-SiO2 B MHOTOCIOWHBIX CTPYKTypax MeTali-
JIMAJIEKTPUK-TIONYTIPOBOIHUK. OOBEKTOM HCcie0BaHus BbiOpaHa cTpyktypa In-CdO-SiO:-p-Si-
Ag, nosyueHHasi METOJIOM MarHeTpOHHOT'O paclbUIEHUs Ha KpeMHUeBbIX nojaoxkax KJb-30 ¢
Kpuctamorpadpudyeckoir opuenramuerr <100>. AHanM3 CTPYKTYpbl TIO3BOJSIET OICHUTH
(GbopMHpOBaHNE NIEPEXOIHOTO CJIOS U €0 BIMSHUE HA XapaKTEPUCTUKU YCTPOWCTBA, YTO BAYKHO
JUISL ONTUMH3ALIMN TEXHOJIOTUH CO3/1aHUSI MUKPOIJIEKTPOHHBIX KOMIIOHEHTOB.

KuaroueBble cj10Ba: MArHETPOHBIN PaCIbIICHUE, TPAHULIA pa3aena, IEPEXOTHON CIIOM.

BBenenne

CoBpeMeHHbIE MUKPO- U HAHODJIEKTPOHHBIE YCTPONCTBA TPEOYIOT BHICOKOW CTaOUIBHOCTH
¥ BOCIPOU3BOJMMOCTH OKCHIHBIX CIOEB HA I'paHUIIE pa3fielia MOJTYHPOBOJAHUKOBBIX CTPYKTYD.
OaHuM U3 KIIIOUEBBIX (PaKTOPOB, BIMSIONIMX HA CBOMCTBA TAKUX CHUCTEM, SIBIISECTCS IIEPEXOAHbII
cJ0i, (GOPMUPYIOIMIUICS TP B3aUMOJEHCTBUHU MOJTYITPOBOIHUKA C TUDIICKTPUKOM.

enbto nanHOM paboTHI ABISETCS MOJyYEHUE CTPYKTYPhI OTYNIPOBOIHUK-TUAIEKTPUK C
MUHUMAaJIbHBIM BO3/IEHCTBUEM BHEIIHUX (DAaKTOPOB, a TaKXkKe HCCIEIOBAaHUE XapaKTEPUCTHK
NepexoHOro ciiosi. B kauecTBe 00BbeKkTa Ucce0BaHus BbIOpaHa cTpykTypa p-Si/SiO-CdO, mis
aHaJIM3a KOTOPOM  Hcnoibp3oBajach PaMaH-cnekTpockomus. OTOT  METOJA  HO3BOJIAET
MpeBapUTENHLHO OLIEHUTH (Da30BbIi COCTAB MaTepHalia U BBIIBUTH OCOOEHHOCTH (POPMHUPOBAHUS
MIEPEXOIHOTO CII0s, YTO UMEET BaKHOE 3HAUEHUE I ONITUMHU3ALINN TEXHOJIOTHYECKHX MPOLIECCOB
U yly4lIeHus pabodnx XapakTEepPUCTUK MOITYIPOBOJIHUKOBBIX TPHOOPOB.

JKCNepUMEHTAJIbHAS YaCTh

Jns hopMupoBaHHsT OKCHUIHOIO CJIOS HA MOBEPXHOCTH KPEMHMEBBIX IMOJJIOXKEK CHaudaia
IPOBOAMTCA ATall OYMCTKHM, HAIpPaBJICHHBI Ha YCTpaHEHHE METAJUIMYECKUX NpUMeced u
OpraHMYEeCKHUX 3arps3HeHui. [[msi 3TOro HMCHoNb3YyIOTCS KHCIOTHBIE M OpPraHUYecKue
pacTBOpuTENH, OO0ECIEeYMBAIONINE BBICOKYIO CTEMEHb YHCTOTHI IOBEPXHOCTH Tepen
NOCIEAYIOLIUMH TEXHOJIOTHYECKUMU MPOLIECCAMH.

CranpmapTHbIl mpolecC OKHUCIEHHUs ocylecTBisgerca mpu temneparype 1200°C u
BKJIIOYaeT JBa 3Tana: 90 MUHYT BO BIaXXHOM Kuciopojae u 30 MHHYT B CyXxoM Kuciopone. B
pe3ynbTate GOopMUPYETCS OKCHIHBIN croi TommuHoi 0,02 MKM.

Jlanee Ha OKHUCIIEHHYIO TOBEPXHOCTh METOJIOM TEPMUYECKOTO HANIBIJICHUS] HAHOCUTCS CIIOM
AITIOMHUHUS, TIOCTIE YEero ¢ MOMOIbI0 (hoToauTorpaduu GOpMUPYIOTCS KOHTAKTHBIE IJIOLIAJKU
pasmepom 1,98 x 1072 cm?, yTo mo3BOISIET MOAYyYuTh Si-Si02 CTPYKTYpY.

OpHako JaHHBIA METOJA CHJIBHO 3aBUCUT OT [apaMeTpoB TEpMOOOpabOTKH U
MpeBapUTENbHBIX TAloOB OYMCTKU. B maHHON paboTe mpennpuHsATa MONbITKA (GopMUpOBaHUS
OKCHJTHOTO CJIOSl METOJIOM MarHUTPOHHOTO PAcHbUICHUS 0€3 TeMIIepaTypHOro BO3IEHCTBHS, YTO
MO3BOJIMJIO HICCIIEOBATH mporiecc popmupoBanus uHTepdeiica Si-SiO2 B 601ee MATKUX YCIOBHSIX
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(puc.1). Ucnonp3oBaHnue AAaHHOTO MOJIXOJa IMO3BOJIMIO MHUHHUMHU3UPOBATH BIUSHUE BHEIIHUX
(aKkTOPOB U OLIEHUTH €T0 BIMSHUE HA XapAKTEPUCTUKU MOJIYYEHHOU CTPYKTYPBHI.

In

Cdo
SiO:
p-Si
Ag

Pucynok 1. CxemaTnueckoe n3o00pakeHue moJy4eHHOM JUOAHON CTPYKTYPbI.

Pe3yabTaTsl U 00Cy:KICHUE

Jnis iiccnenoBanus CTPYKTYPHBIX U (Da30BBIX XapaKTEPUCTHK OKCHIHOTO CIIOS IIPUMEHSIICS
meton  Paman-cnextpockonuu. Pesymprar (Puc. 2) BbISIBUI  XapaKTE€pHbIE  IHKH,
cootBeTcTBytonme coequneHusiM Si, SiO2, Si2O u CdO. 3apeructpupoBaHHBIC CHEKTPAIbHBIC
JVHUM YKa3blBalOT Ha ()OPMUPOBAHME OJHOPOJHOIO M KAYECTBEHHOI'O OKCHJHOIO Cios, 0e3
HaJINYMS IOCTOPOHHUX MPUMECHBIX COCAMHEHUI.
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Pucynok 2. Paman-cnektp cTpykrypsl P-Si/SiO.-CdO. Ha rpaguxe
MpeACTABJIEHBI XAPAKTEPUCTHKH K0JIeDaTeJILHBIX MOJI, COOTBeTCcTBYIOIHUX Si, SiO2, Si20
u CdO. Oonapy:xeHHnble MUKH, cBs3aHHble ¢ SiO2, moATBep:KAAIOT GopMHPOBaAHHE
MepPexXoIHOro CJI0s.

Ha ocHoBe mosyueHHOro crekTpa Obula TpOBEJNEHA JeTajlbHas OIleHKa (a3oBoro
pacrpeneneHuss U CTPYKTYPHBIX JeopManuii B KpeMHUEBBIX 00pa3iax. AHaN3 CIIeKTPaTbHBIX
IUKOB TO3BOJIWJI  BBISIBUTH  KJIFOUEBBIE OCOOEHHOCTH, CBSI3aHHBIE C  MEXKCIOHHBIMHU
B3aWMOJICHCTBUSIMU ¥ MEXaHWYECKHMH HANPSHKCHUSIMHU Ha TPaHHIIAX pasjieia MaTepHalOB.

XapakTepHbIi MUK O0K0JI0 520 cM™' MOATBEPKAAET HATMYHNE KPUCTAJUIMYECKOW CTPYKTYPBI
KpeMHHUs, 00ycIoBIeHHON (POHOHHBIMU KoslebaHUsAMU B ero peuierke. B quanazone 100-300 cm !
3aperucTPUPOBAHBI CUTHAJIBI, CBU/IETEIBCTBYIOIINE O BIMSIHUU MEXKCIOWHBIX B3aUMOJICHCTBUI, B
YaCTHOCTH, MEXaHMYECKUX HampspkeHud Ha umHTepdeiicax Si/SiO: u Si02/CdO. Otu 3¢ dexTs
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OPUBOJAT K HW3MEHEHUSM (OHOHHBIX YAacTOT M MOTYT OBITh CBSI3aHBI C JIOKAJIbHBIMHU
CTPYKTYpPHBIMHU [I€PECTPOMKAMU Ha FPAHULIE Pa3/ieiia CIOEB.

OcoOb1li mHTEpec mpencraBiaser nMuk B objactu 2400-2600 cm!, ykaspIBalOIIMK Ha
nehopMaImOHHBIE TTPOIECCH B KPEMHHEBOH perieTke Ha uHTepdeiice Si-SiO2. JlonomHuTeNnsHO,
Hanmmyue nHuKoB B paiione 250 cm' m 800 cm ! cBuaerenbcTByeT O (OPMHUPOBAHUU
KBa3MMOJIEKYJISIPHBIX KOMIUIEKCOB TUMA Si20, 4TO 0OBACHSET NOABICHUE CTPYKTYPHBIX Ae(hEeKTOB
B mnepexoaHoMm cinoe. IlomoOHbie >(QeKTsl XapakTepHbl Ui CHCTEM C BbIPaXKEHHBIMHU
MEKCIIOMHBIMU B3aUMOICHCTBUSIMH, U3MEHSIOIUMHU ()OHOHHBIC XapaKTEPUCTHKU CTPYKTYPHIL.

Kpome Toro, B ntuanazone 0—100 cm ! OputH 3aMKCHUPOBAaHBI HU3KOYACTOTHBIE KOJIeOaHMs,
OTpaXkaroIIHe MPOLECChI, MPOUCXOISIIME B MEPEXOaHbIX ClosiXx. B crpykrype p-Si/SiO2-CdO
Takue KojeOaHus MOryT OBbITh CBSI3aHBl C JMHAMHYECKUMU HW3MEHEHUSMU Mex(pa3HbIX
B3aMMOJICHCTBHM, YTO MPUBOJUT K JIOKAJIBHBIM HCKAKEHUSM KPUCTAITTMYECKOW PEIIeTKH U
M3MEHEHHIO aTOMHBIX CBS3€H Ha TPaHUIC MATEPUAIIOB.

3ak/ro4yeHue

Ha ocHoBanuu npoBeAEHHOIO aHaiau3a MeToJ0M PaMaH-CIEKTPOCKONUU MOXKHO CHENaTh
PSA KITFOUEBBIX BBIBOJIOB O XapaKTEPUCTHKAX CTPYKTYpsl p-Si/Si0:-CdO. OO6HapyxeHHbIE
CHEKTpaJIbHbIE MUK CBUJETEILCTBYIOT O YETKO BBIPAKECHHON TPaHUIIE MEXKIY CIOSIMU, IPU 3TOM
MEXaHUYECKUEe HANPSDKEHUS U Mexk(a3Hble B3aUMOJICHCTBUS OKa3bIBAIOT 3HAYUTEIFHOE BIIMSHUE
Ha GOpMUPOBAHKE IEPEXOTHBIX 00IaCTEH.

Hannuue nuka Ha 523 cM! moATBepxkaaeT COXpaHEHHE KPHUCTAJUIMYECKON CTPYKTYpPBI
KpeMHUS, B TO BpeMs Kak curHaibl B quana3zone 100-240 cm' u 2400-2600 cm ™' yka3pIBalOT Ha
BIIMSIHAE MEXAaHWYECKHUX HANpsSHKCHUH W BO3MOXKHBIE NE(PEKTHl KPUCTAJUIMYECKOH PEHIeTKH B
obnmactu umHTepderica Si-Si0.. [JomnomuutensHo, HU3KouacTOTHBIE Kojebanus (0—100 cm™?)
JNEeMOHCTPUPYIOT BKJIaJ MeX(}a3HbIX B3aWMOJEHCTBUN, YTO TIOATBEPKIAET CIIOKHOCTh
IPOLIECCOB, MPOUCXOIAIINX B IEPEXOTHBIX CIIOSX.

Takum o00pa3zom, TONydeHHBIE PE3YNbTAThl CBUAETEIHCTBYIOT O HAJIMYUU CIOXKHBIX
MEPEXOJIHBIX MPOIECCOB B CTPYKType p-Si/Si02-CdO, Bnusgomux Ha €e MeXaHHYecKue Hu
ONTHYECKHE CBOMCTBA. JlaHHBIE BBIBOJBI MOTYT OBITh MOJE3HBI I JAIbHEUIIEH ONTUMH3AIUN
TEXHOJIOTUI  CO3/1aHUsl OKCHUAHBIX CTPYKTYpP C  YJIYYIIEHHBIMH OJKCIUTyaTallMOHHBIMHU
XapaKTePUCTHKAMH.
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STUDY OF ELECTROPHYSICAL PROPERTIES OF DEFECT FORMATION IN
YTTERBIUM-DOPED SILICON

Kh.S. Daliev, J.J. Khamdamov, Kh.Y. Utemuratova, M.B. Bekmuratov
Institute of Semiconductor Physics and Microelectronics at the National University of
Uzbekistan, 20 Yangi Almazar st., Tashkent, 100057, Uzbekistan
mans-bek@mail.ru

This study investigates the effect of electron irradiation on defect formation processes in
ytterbium-doped silicon. Two methods of silicon doping are examined: melt growth and diffusion.
The use of Deep Level Transient Spectroscopy (DLTS) on diode structures enabled the assessment
of ytterbium-doped silicon behavior under radiation exposure. Irradiation of samples with
electrons at energies of 6 and 13 MeV led to the formation of radiation defects such as A-centers
and E-centers. Results showed that doping silicon with ytterbium significantly reduces the
concentration of these defects, particularly in samples doped by the diffusion method. The most
significant decrease is observed in "oxygen-free" silicon, where the concentration of A-centers and
E-centers decreased several-fold compared to the control samples. These results confirm that
ytterbium atoms in silicon interact with radiation-induced defects, forming clusters that serve as
effective sinks for vacancies, thus slowing down the defect formation process. The study provides
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 with primary radiation defects [1-3]. 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 introduced [4-5].
Doping single-crystal silicon with rare earth elements (REE) increases the stability of its
parameters to radiation exposure [6-7]. This effect is attributed to the presence of various REE
inclusions in the silicon lattice, which serve as effective sinks for 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 investigate the 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 deep-level transient spectroscopy (DLTS) on diode
structures fabricated from control silicon samples and ytterbium-doped silicon samples [8-9]. The
concentration of ytterbium atoms in the bulk of single-crystal silicon doped during growth was
determined by neutron activation analysis and varied from 10*° cm to 10 cm [10]. The control
samples were n-type silicon with different oxygen content: "oxygen-rich" silicon with a
concentration of optically active oxygen atoms No°'=4-101"—1.2-10'® cm3 and "oxygen-lean"
silicon with No°* < 10% cm 3,

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

Analysis of the DLTS spectra revealed that the introduction of ytterbium into silicon during
melt growth does not lead to the formation of deep levels in the bandgap, despite the high
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concentration of ytterbium atoms. In samples doped with ytterbium using the diffusion method, a
deep level with an ionization energy of Ec—0.36 ¢V was detected.

After electron irradiation, the formation of A-centers (vacancy-oxygen complexes) with an
ionization energy of Ec=0.17 eV was observed in the control n-Si samples with high oxygen
content. In samples with low oxygen content, both A-centers and E-centers (vacancy-phosphorus
complexes) with an ionization energy of Ec=0.43 eV were observed.

The presence of ytterbium atoms in silicon significantly reduces the concentration of A- and
E-centers compared to the control samples. In samples doped with ytterbium during growth, the
concentration of A-centers decreased by 2-3 times, while in samples doped by the diffusion
method, it decreased by 5-6 times. In "oxygen-free™ silicon with ytterbium impurity, the
concentration of A-centers was 2-3 times lower than in "oxygen-containing” silicon, and the
concentration of E-centers 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 clusters that serve as sinks for vacancies, slowing down
the radiation defect formation process. It is also possible that some ytterbium atoms are in a
dispersed state and can serve as centers for defect annihilation.

The presence of ytterbium atoms in silicon significantly reduces the efficiency of radiation
defect formation, such as A-centers and E-centers. The magnitude of this reduction depends on the
state of ytterbium atoms in the silicon lattice. The observed effects are associated with the specific
interactions of ytterbium atoms with defects and impurities like oxygen and carbon, as well as with
radiation-induced defects introduced by irradiation.
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STUDY OF THE CAPACITANCE DEPENDENCE 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 capacitance dependence on time

(excluding the effect of the inversion layer charge) takes the following form.
eg KCp
eg, K + X (t)Cp (1)

Here, K is the control electrode area, Cp is the capacitance of the dielectric layer, &sis the
dielectric constant of the semiconductor, and & is the permittivity of free space. The value of Cp
is determined from the high-frequency capacitance-voltage characteristics, while C(t) can be
determined at each time t from the experimentally obtained relaxation characteristics of the MDS
structure.

Description of the Experimental Setup

For measuring the relaxation and high-frequency capacitance-voltage characteristics of
Metal-Dielectric-Semiconductor (MDS) structures, we used an improved version of the
experimental setup similar to the one described earlier. The block diagram of this setup is presented
in Figure 1. The full conductivity bridge consists of two transformers, with the core component of
the setup being the transformer bridge (1).

The secondary 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 primary
winding of the current transformer mutually compensate for the alternating voltage supplied by
the G generator. The degree of compensation is registered using a null indicator. (See Figure 2).

This bridge is designed based on the balanced full-conductivity bridge circuit. One arm of
the bridge includes a reference variable resistor and capacitor (R1 and C1), while the other arm
contains the Metal-Glass-Semiconductor (MGS) structure (2) placed inside a thermostat (3). A
resistor and capacitor (R2 and C2) are connected in parallel with the structure to establish the
initial balance of the bridge.

C(1)=
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Figure 1. Block Diagram of the High-Frequency C-V Characteristic Measurement

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

Cx

Figure 2. Measurement Bridge Circuit Diagram

A high-frequency generator GCH-106 (4) is connected to the supply diagonal of the bridge.
A resonance amplifier (5) (V2-6) is connected to the measuring diagonal of the bridge. The
amplified signal is sent to a null indicator, which is an 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 source (8). The bridge is
balanced both in terms of capacitance and resistance components, allowing for precise
capacitance-voltage (C-V) measurements point by point. To study the temperature dependence of
the capacitance and conductivity of the MGS structure, a previously described thermostat and
temperature stabilization system are used. The sensitivity of this system is about 0.1 pF, which is
sufficient for obtaining the C-V characteristics of MGS structures. To analyze the dependence of
capacitance relaxation on temperature, the investigated MDS structure is placed inside a cryostat,
as shown in Figure 3.
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Figure 4. Capacitance Relaxation of the Investigated Structures:
1 - Experimental dependence 2 - Theoretical dependence

In Figure 4, the experimental C(t) (1) and theoretical C(t) (2) dependencies obtained at a
frequency of 150 kHz and a temperature of -150°C are presented for one of the test samples: Al —
n — Si - SiO2 — Al. The results were recorded after the applied voltage was switched from U: to Us.
The volumetric (A) and surface (S) generation rates were determined using the optimal selection
method based on relations (2.34) and (2.35): A=9 x 10® s'em >, S =4 x 10° s”'cm. At these A
and S values, the capacitance relaxation dependence closely matches the experimental data. The
deviation of the calculated dependence from the experimental results at the end of the relaxation
process is associated with the influence of the increasing inversion layer charge and the rising
probability of re-capturing the generated charge carriers.
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BIR QATLAMLI MOS2 ELEKTR O‘TKAZUVCHANLIGINING
KUCHLANISHGA BOG*‘LIQLIGI

M.G. Dadamirzayev, M.O. Kosimova, A. Mahmudov
Namangan muhandislik-qurilish instituti

Ikki o‘lchovli (2D) materiallar — bu yangi turdagi materiallar bo‘lib, nanoelektronika,
datchiklar va fotonika sohalarida qiziqarli fizik xususiyatlarga ega bo‘lishi va qo‘llanilishi
mumkinligi bilan ajralib turadi. Grafendan tashgari, boshga gatlamli materiallarning
monoqatlamlari, masalan, yarimo‘tkazuvchi dixalkogenidlar — MoS: yoki WSe., maydoniy
tranzistorlar uchun istigbolli materiallari sifatida tobora muhim ahamiyat kasb etmoqda [1].

Haroratning yuqori qiymatlarida, tizimning elektr o‘tkazuvchanligini hisoblash mumkin.
Elektr o‘tkazuvchanlik quyidagi ifoda bilan ifodalanadi:

-E

G=G,(T)e" @)

Bu ifoda haroratning ortishi bilan zaryad tashuvchilar energiyasining ortishi va elektr
o‘tkazuvchanlikning eksponensial ortishini tasvirlaydi. (1) formula elektr o‘tkazuvchanlikni har
ganday parametrlar bilan bog‘lab, tizimni tasvirlash uchun qo‘llaniladi.

Bu yerda, G(T)-haroratga bog‘liq bo‘lgan elektr o‘tkazuvchanlik, Go (T)-namuna egri
chizig‘idan olingan haroratga bog‘liq parameter, E-faollashtiruvchi energiya bo’lib, zaryad
tashuvchilarni o‘tkazuvchanlik tarmog‘iga kiritish uchun kerak bo‘lgan energiya bo‘lib, u issiglik
energiyasi yoki tashqi maydon ta’siri bilan ta’minlanishi mumkin:

E=E;EF

Bu yerda, Eg-MoS: ning taqiqlangan zona kengligi, Er-Fermi darajasi (elektronlarning
energiya tagsimoti o‘rtacha qiymati), k - Bolsman doimiysi, T-temperatura.
Agar biz elektr maydon ta’sirida aktivatsiya energiyasini tahlil gilsak, tashgi kuchlanish U

ning ta’siri quyidagicha namoyon bo‘ladi:
Eefr = E-eU

Bu shuni anglatadiki, agar tashqi elektr maydon kuchli bo‘lsa, u holda aktivatsiya energiyasi
pasayadi, lekin har doim ham E = eU emas. Agar elektr maydon yetarlicha katta bo‘lsa, elektronlar
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aktivatsiya energiyasiz ham harakatlana boshlaydi, bu esa tunnel effektini holatini keltirib
chigarishi mumkin.
Agar materialdagi elektronlar issiqlik orqali o‘tkazuvchanlikka o‘tishdan ko‘ra, fagat tashqi

elektr maydon ta’sirida harakatlansa, u holda quyidagi shart bajarilishi mumkin:
eU>E

Bu shart, asosan, maydoniy tranzistorlar yoki tunnel effektida kuzatilishi mumkin. Masalan,
tashqi kuchlanish yuqori bo‘lsa, elektronlar barrierdan sakrab o‘tadi, agar elektronlar Schottky
barrier orqali chiqayotgan bo‘lsa, bu energiya issiglik va elektr maydon kombinatsiyasi orgali
beriladi.

Agar MoS. kanal tranzistor sifatida ishlatilayotgan bo‘lsa, kuchlanish U aktivatsiya

energiyasini pasaytirishi mumkin, ammo ular bevosita teng bo‘lishi fagat muayyan sharoitlarda
kuzatiladi.

Ushbu formula Bolsman tagsimoti bilan bog’liq bo’ladi. Har ikkala yondashuv ham energiya
va temperatura o’rtasidagi bog’lanishni tushuntiradi. Bolsman tagsimoti, odatda tizimdagi zaryad
tashuvchilarning (masalan, elektronlarning) energiyasi va temperaturasi o’rtasidagi bog’lanishni
tavsiflaydi. Bu tagsimotga ko’ra, har bir energiya holatining ehtimoli quyidagi tarzda yoziladi.

f(E)=—¢

E
ekt +1

Ushbu formula elektronning Fermi-Dirak tagsimoti uchun to’g’ri, lekin klassik (Bolsman)
tagsimoti uchun ehtimol, uning klassik yechimi

f(2) = exp( )

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

K=A-ek

Bu yerda, k-reaksiya tezligi konstantasi,
MoS: gattiq jism materi uchun bu tenglama odatda diffuziya jarayonlarini yoki fazaviy

o’tishlarni tavsiflashda ishlatiladi
-E

G =G, (T)e

Bu tenglama, o'zgaruvchan haroratda, energiya harorat (T) ga qarab tizimning o°zgarishini
ko‘rsatadi.
T <350 K haroratda biz G ning o‘zgarishi deyarli barcha kuchlanish (U) giymatlari uchun

zaiflashishini kuzatamiz. Buni past haroratlarda [3] dominant bo‘lib, tizimni yuqori rejimga olib
o’tadi.
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CBOHMCTBA T'PAHUIIBI PA3JIEJIA ®OTOUYYBCTBUTEJBHOM IIIIT
CTPYKTYPbI pCdTe/ZAO

C.A. My3adapoBa, A.C. AunjioB, A.C. EcoeprenoBa, H.A. AxmenoBa,
Y.M.JOapawes, K. Ixxymamyparos, O.IL. Hopky.ios, 3.C. Ken:xxaesa, H.O.OnuinoBa

Hucmumym ¢huzuxu noaynposooHuKoe u Mmukpoiekmponuxu npu Hayuonanvuom
Yuueepcumeme Y3oexucmana umenu Mupzo Ynyebeka
100057, Y36exucman, copoo Tawxenm, ynuya Aneu Onmazop, oom 20

HccnenoBanusi MHOTUMHU aBTOPaMH MOCJIEAHUX JIET, SKCIIEPUMEHTAIbHO IOKa3alu, YTO B
reTepOreHHON CUCTeME psfl CTPYKTYp METalll - MOJYINPOBOJHUK 00pa3yercsi MpOMEKyTOUHBIN
cioil [1-2], KOTOpBIM 3HAYUTEIBHOM CTENEHM MOKET MOBJIMSATH Ha BBIXOJHBIC IMapaMETpPhbI
CTpyKTypbl. IIpyu 3TOM aToMHas M 3JIEKTPOHHAsl CTPYKTYpa MeTajula CYIIECTBEHHO BIIMSET Ha
(U3UKO-XMMHUYECKHE MTPOLIECCHI, TPOTEKAIOIINE HAa TPAHULIE pa3/ieNa: MeTaJlI - IOJYIPOBOJHUK.
Tak kak, B3aUMOJEHCTBHE MEXAY METAJUIOM U MOJIYHPOBOIHUKOM ONpPENENSIETCS HE TOIBKO OT
TUIIa XUMUYECKOH CBS3H MOJTYIPOBOJHUKA, HO 3HAUUTEIBLHON CTETIEHU ONPEEIISIETCs CTPYKTYPHO
- MOP(OJTOTMUECKUMH XapaKTEPUCTUKAMU TOHKOT'O METAJIITMYECKOTO CIIOSI.

npoBosinuii cnoit ZAO(ZNO:3%Al) Ob1 monydeH MarHeTpOHHOM CHUCTEMOH HOHHOTO
[Tpospaunsiit pacnbuienus (MCHUP) [1]. Ilpu sTtom Oonblias 4acTh IHEPTHH DIEKTPOHOB
UCTIOJIb3YeTCsl Ha MOHU3AIMIO M BO30YXK/IEHHE, YTO 3HAUUTENIBbHO yBEIHMUnBaeT 3(h(HEeKTUBHOCTh
npouecca MOHM3alMM M NPUBOJUT K BO3PACTaHUIO KOHLEHTPALUU IOJIOXKUTEIBHBIX MOHOB Y
MOBEPXHOCTH HOHHOW OOMOapAMpPOBKM MHIIEHHM M K 3HAUUTEIBHOMY PpOCTY CKOpPOCTH
pactbutenus. s HamputeHus: cnos ZAO B KauecTBe MHUIICHU HUCIIONB30BATH KEPaMHUYECKHIA
ucrounuk u3 criaBa (ZNO:3%Al. Pabounm razom ciiyKui1 aprod U KUCIOPO/I.

VYnaensHoe conporusienue mieHOK(ZNO:3%Al)- ZAO Takke WMeeT TMOYTH HaUMEHbIIEE
3HaUYeHHe YHEeTbHOTO COMpOTHBIeHHs, paBHoe 2.10*% Om. Cwm. JlanbHeifmee yBnedeHme
KOHIIGHTPAllMM KHUCJIOpoJa B paboueM oO0beMe MPUBOAUT K YMEHBLICHHIO KO3(p(UIMeHTa
IIPOIyCKaHMsl, TOABM)KHOCTH, U yIEJIBHOE COITPOTUBIIEHUE INIEHOK BO3PACTaET.

I[Tpu MarHeTPOHHOM pacIbUIEHHH JaBleHus pabouero rasa coctasuia (1,33 - 2,6) 10 Ia,
ONTUMAJILHOE PACCTOSHUE “MUIIEHb-TIOJIOKKA MPU HaHeceHuu cioeB paBHO d = 60 mMm. Ilpu
3TOM CKOPOCTh OCaKIeHHs Oblna paBHa 40 A / cex., MOITHOCTB paspsza - 4 Bt / cv?.

HccnenoBanust  MOKa3bIBAalOT, 4YTO B TpOIecCe  CHHTE3a  KPYMHOOJIOYHBIX
nonukprcraumdeckux 1wieHok CdTe ra3oTpaHCHOPTHBIM METOJOM — H3-3a2 PEUCIIapEeHUs
aerkojierydero kommoHeHTa Cd 00pa3yroTcss CBOOOJHBIC aTOMBI Telulypa 1€, KOTOphIE,
B3aUMO/ICHCTBYS C OCTaTOYHBIM KHCIOPOJIOM B PEaKTOpe, 00pa3ytoT TOHKHE BBICOKOOMHBIE CIIOU
Te02. Cnou Te02 maccuBUPYIOT MOBEPXHOCTHBIE COCTOSIHUSI B MEXK3E€PHOBBIX I'panuiax [3], 4ro
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IPUBOJUT K CHUKEHHUIO IOBEPXHOCTHON PEKOMOMHAIIMY U 3HAUUTEILHOMY POCTY BPEMEHH JKU3HU
HEPaBHOBECHBIX HOCUTEJIEH 3apsi/ia 10 HECKOJIBKUX JIECSITKOB MUKPOCEKYH/ [4].

C uenbto BesicHeHus1 peanbaoro crpoerust ITIT crpykrypsr pCdTe/n ZAO mpoBoamics
PEHTIEHOCTPYKTYpHBIi (pa3oBsiii ananu3 Ha ycranoBke JJPOH — 2 (Cu — uznyuenue, Ni - GuibTp).
WNudopmannonHas riayOMHAa B JaHHOM CIIydae COCTaBIseT 1- 2 MKM, CJI€JOBaTENbHO, B 30HY
UCCIICIOBAaHMS Ta/laeT MOBEPXHOCTHBIA ClIOW OKucia, yacTuyHo mieHok CdTe m mpocrioiika
MEXTy HUMH.

Jnst u3ydenusi crpoenus: rpanuisl Mo — CdTe miueHKy Temtypuaa KaaMusi OTASISUIA OT
MOJMOJEHOBOM MOJJIOKKM M H3ydald OTIEJNBbHO IOBEPXHOCTb IUJIEHKH, HpUiIeraroimen K
NO/UIOKKE M MOJUIOKKH, IpHIerarmoumed K IJICHKE. YyBCTBUTENBHOCTh  METOJA
pPEHTreHorpagpuuecKoro aHajau3a coctasisia ~ 5 %.

HccnenoBana, 4YTO MCXOJIHAas MOJUOACHOBAs IOAJOXKKA HE COJIEPKUT Ha CBOEH
noBepxHocTH OKkcuaoB. Oxcun momumbmena (MoQOz) mosBisSeTcss B Tpollecce CUHTE3a, B
pe3yJIbTaThl KOHTAKTa HArpeToi MOIMOIEHOBOM MOJI0KKH OCTATOYHBIM KHUCIOPOJOM B CUCTEME.

Benencreue B3auMoneicTBHS MOJMMOIEHA C TEIIYPOM M OKCHIA MOJHMOJIEHA, a TaKxkKe
coequaeHus MM ZAO Cc  OKCHAOM TeTypa -AUXaJIbKOTCHUIBI 00pa3yIOIIMMCSl BCIIEACTBUE
KOHTAaKTa KOMIIOHEHTBI, B IIOTOKE Iapa JUCCOHUPYIOLIEro NpU UCHApEeHHH TeJUTypuaa KaJMus
C OCTAaTOYHBIM KHCIOPOIOM.

Ha rpanune cpactanus IUIEHKH TEUTypHa KaJMUs C MOJJIOKKOW HMeeTcs Ipocioika
coJepKalasi KOMIOHEHThl Kak U B pabore [2], MoO2, ,MoTez,uto pocT MiIeHKH HauuHaeTcs
C ocaxieHusi Ooriee TYromiaBKol KoOMIOHEHTHI [2]. Ilinenku Temmypuaa KaaMusi COCTOUT U3
YYaCTKOB KyOmueckoro tuma cdanepura MOTUPHUKAINA W MOBEPXHOCTh KPYMHOOIOYHBIX
wieHok Ttemwnypuna kaamus pCdTe oOmanmaror  cTonbuaTyro  CTPYKTYpY 3€peH. ThUIbHBIM
KOHTaKTOM CITyXHJ MojuOaeHoBass Mo mojuioxkka ocoboi uuctothl. [lnenku pCdTe umenu
yzensHoe conpoTusienne p ~ 10°—107 Q-cm u BpeMs XH3HH HEOCHOBHBIX HOCHTEINEH mopsika
©=107-10° s. Tommuma mmenox pCdTe cocraBmsma ~ 30 um. Pasmepsl 3epeH
nonukpuctammaeckoro PCAdTe maxomarcst B mpeaenax oT 100 go 150 um, 3epHa 0XBaThIBAIOT
BCIO TOJILIMHY TUIEHKH.

B Bakyymuoii ycranoBke BYII — 5 M nanocwnuce ToHkue tuieHkn ZAO mertomom
MarHeTpPOHHOT'O MOHHOTO PACIIbUICHHS Ha MOCTOSTHHOM TOKE Mpu TemrepaTtype noanoxku 300 °C
. Tonumuaa ZAO coctaBnsana 120+ 150 HM MeTo oM TEpMHUYECKOTO BaKyyMHOTO HCHApEHMS
ocaxxaanuck 11 oOpa3HbIif BEpXHHUIT OMUYECKHI KOHTAKT U3 YHCTOTO HHAUA In Tommmuoi 50 HM.

Jns BeIsicHeHUs1 peanbHoro crpoenus: PCAdTe/nZAO npoBOAMIMCH PEHTI€HOCTPYKTYPHBIH
¢da30BbIl aHANM3 Ha YCTAaHOBKE PEHTTeHOBCKOro maudpakromerpa  Mojenu Empyrean,
npousBoguTenb Malvern Panalytical (Hunepnanas) Cu- wuznydenuwe, Ni-Quiubtp)
uH(popMalMoHHasi TiayOmHa KoToporo cocrtasiser 300nm. YyBCTBUTENBHOCTH MeETOJA
peHTreHogazHoro  aHaimsza  coctaBimsuia  ~5%.  Xumuueckas ~— gopmyna  clOEB
kpuctatorpadpudeckne mapamerpsl cino€B  ZnAl,Os4 Kpucrammmdaeckass cucremMa — IIIEHOK
KyOuueckas,mpoctpaicTBenHas rpynmnaFd-3m ,Homep mnpocTtpaHcTBeHHOW Tpynmnsl 227 a
(A):7.9704, b (A) 7.9704, ¢ (A) 7.9704.
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Ha pentrenorpamme BuaHO, uTo IieHkH CdTe cuHTe3upyroTcs B KpUCTaIOrpaduuecKux
HanpasiaeHusx (111), (220), (311), (400). Anamoruunple JlaHHBIE PEHTIEHOTPAMMBI OBLIN
MOJy4EeHbI TaKXXe aBTOpPaMH JAPYrHX paboT, B KOTOPHIX IUICHKA BBIPAIIMBAlIach METOJaMHU
AIIEKTPOOCAKICHUS , JIA3EPHOTO OCAXKICHUS W3 MapoBOH (as3pl , CyONUMaNMU B 3aMKHYTOM
oonseme . Pedrexcer ¢ manexkcamu (111) Ha peHTreHOrpaMMe CTaOMIIBHBI U MHTEHCHBHBI. DTO
03HAYaeT, YTO YHEPrHs IJIOCKOCTHOCTH OPUEHTHPYET CTPyKTypy IuieHok CdTe kak cdanepur.
Hamuuue npyrux nukos ¢ peduexkcamu (220), (311) u (400) cBUaETEABCTBYET O TOM, YTO IJICHKA
CdTe umeer KyOHMYECKYIO0 IPaHEUEHTPUPOBAHHYIO PELIETKY ¢ KOOPIMHAIIMOHHBIM 4uciIoM 12.
Pe3ynbTaThl WMHAEKCUPOBAHUS M CPAaBHEHMs OTIIEYATKOB MalblieB C HAOOPOM ATAJOHHBIX
pentreHorpaMM ASTM mnoka3biBatoT, uTo BblpaiieHHble IuieHKH CdTe umeror kyOudeckyro
MOJIU(DHUKAIIIO U SIBIISFOTCS OHOPOIHBIMU. DTO TaKKe MOATBEPIKIACT PACCUUTAHHBIC WHICKCHI
Munepa: 6,486 M, 6,485 M u 6,487 M o ¢popmyne N=h2+k2+12 nist Tpex KpymHBIX TUKOB Ha
pEeHTreHorpaMMe, KOTOPhIE XOPOIIIO COOTBETCTBYIOT 3HAYEHHUIO MOCTOSIHHOM pemeTku 0=6,482M
KyOuueckoro Teitypuaa kaaMusa. OTHOCUTENbHAs MOTPEIIHOCTh pacdyera MHAEKCOB Muiuiepa
cocrasiseT 0,062; 0,077 u 0,093% 11t yka3aHHBIX TMKOB Ha peHTreHorpamme. MccnenoBanus
PEHTTeHOBCKOTO (ha30BOr0 aHAIN3a MMOKA3BIBAIOT peajbHOe CTpoeHue cTpykTypsl pCdTe/nZAO,
KOTOpasi UMEET CIIEAYIONLYIO MOCe10BaTebHOCTD (Puc.2): Mo + MoOz + MoTex+CdTe +TeOz+
ZAO + In

Puc.2. Cxema peaiabHoro crpoenusi crpykrypbl pCdTe/nZAO
Mo + MoOs + MoTez+CdTe +TeO2+ ZAO + In

[TpoBeneHHbIN peHTreHO(ha3HBIH aHAIN3 U UCCIIEJOBAaHUE CIIEKTPAIbHOIO pacIpe/ieeHHs
(OTOUYBCTBUTEIBHOCTH CTPYKTYpbI monydeHHbiXx PCATe/nZAO mokazaiu, 4TO B CTPYKType
o0pasyercst IPOMEKYTOUHBIE CIIOM MEXKIY METaUTMUYECKOU MOIOKKON 1 MonubaeHoMm Mo -
CdTe B ocHOBHOM, HOIYHpoBOIHHKOBBIN okcull MoOs u MoTez Takxke Ha rpaHune pasnena
pCdTe u n ZAO umerorcs AMAIEKTPUYECKOE COSAMHEHNE U3 okcua Temtypa - TeOo, [TokazaHno,
410 06a30BBIN MaTepua npeumyinecTBeHHO coctout u3 CdTe kyOuyeckoit MmoauduKauu.
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OCOBEHHOCTH ITPUMEHEHUMA ITIOJIYITPOBOJHUKOB JIJIA
N3I'OTOBJIEHUA TEPMOI'EHEPATOPOB B MEJIUIIUHE

A.M.Kacumaxynona!, P.A.Hypaunosa'
YDepeancruii 2ocyoapcmeennviii mexnuyeckuii ynusepcumemn

M3BecTHO, YTO TEPMOIJIEKTPUUYECKHE YCTPOCTBAa OCHOBaHbI Ha 3(pdekte 3eedbeka, KOTOphIN
MO3BOJIsIET MPeoOpa30BhIBATh PA3HMILY TEMIIEPATYp B ANEKTPHUUECKOe HanpshkeHne. B HacTosmiee
BpeMs TEpMOTEHEpaTOpbl HAlIM IIUPOKOE NPUMEHEHHE B Ppa3IMuHBbIX cdepax HapOIHOTrO
XO03sIMCTBA, BIUIOTh OT CEJIBCKOT0 XO3sICTBA 10 MPHOOPOB Il KOCMHUYECKUX HccliefoBaHuii. B
MEAMIIMHE TAKUE YCTPOUCTBA CTAHOBATCS BOCTPEOOBAaHHBIMU OJ1arofapsi BO3MOKHOCTH CO3/1aBaTh
ABTOHOMHBIE MCTOYHUKU NMUTAHMS Ul ONpeesieHHbIX MHUKpocucteM [1-3]. B Tom uucne onu
MPUMEHSIIOTCS JIJ1s1 IPUOOPOB € PA3IUYHBIMU (DYHKLIMOHATBHBIMU 3a/1a4aMHU:

1. Ilutanne MMIUIAHTUPYEMBIX YCTpOWCTB. TepmoreHepaTtopbl COCOOHBI OOecTeuynuBaTh
SHEPTHUIO JIJIsl PAOOTHI KapUOCTUMYJIITOPOB, CTYXOBBIX UMILIAHTOB U APYTUX YCTPONUCTB, CHIKAS
3aBHCUMOCTH OT OaTapeil M yBeIHMUnBasi CPOK CIYKObI CUCTEM.

2. MoHHUTOPUHT (U3UOJIOTHUYECKUX MapaMeTpoB. [1omynpoBOAHUKOBBIE TEPMOT€HEPATOPHI
UCTIOJIB3YIOTCS JJISl CO3/IaHUSI CEHCOPOB, N3MEPSIONIUX TeMIepaTypy Tella, 4T0 0COOEHHO BaXKHO
JUTSI TALIMEHTOB B p€aHUMAIMH U TTOCIEONEePAlMOHHBIN MEePHO/I.

3. PerenepaTuBHasi MEIMIIMHA.

YuuTbiBas akTyalbHOCTH MPUMEHEHUS TEPMOTE€HEPATOPOB B MEAUIIMHE INepes YIEHBIMH,
CTaBUTCS pa3paboTKa TEPMOTE€HEPATOPOB C YHUKAJIbHBIMU CBOMCTBaAMH U TapaMeTpaMu, KOTOpbIe
CAENAIOT HMX MNPUMHUTUBHBIMH C YYETOM MUHUMHU3ALUU W MHTErPallUd C ONPEIEIECHHBIMHU
MEIUIUHCKUMH MpUOOpaMu U ycTpoiicTBaMu. B 3ToM Ii1aHe MOIynpoBOJIHUKOBBIE MaTe€pHUaIbl
UTPAIOT KJIIOYEBYIO pOib B 3((HEKTUBHOCTH pPAaOOTHI TEPMOICHEPATOPOB, OINpEeAesss UuX
TEPMODIJICKTPUUECKHUE TapaMeTpbl, Takhe Kak Kod(p¢uiueHt 3eeOeka, TEMIONPOBOAHOCTh U
AIIEKTpUYECKasi MPOBOJAUMOCTD [4].

[ToynmpOBOHUKH, HCIOJIB3yEeMbIE Il MEAMIMHCKUX TEPMOIE€HEPAaTOPOB, MOYKHO
IIPEJICTaBUTh B CIEAYIOIIEM BUJE:
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1. Tennypun Bucmyta BixTes. DToT MaTepuan siBiseTcs Hanboyiee U3y4YeHHBIM U IIHPOKO
UCIOJIb3YyeMBbIM B TEPMOAIEKTPUUECKUX YCTpoilcTBax Omarojapss ero Bbicokomy ZT mnpu
KOMHAaTHOW Temmneparype. B menuuune BixTes, nmpumensercs 1 co3gaHus MUHHMATIOPHBIX
TEPMOTEHEPaTOPOB, PabOTAONIMX HAa OCHOBE PA3HHIIBI TEMIIEPATYp MEXAY TEJIOM MalueHTa H
OKpYKarOIIEH CpeIou.

2. HanoctpykTypupoBaHHble MaTepuaibl. Vcnoap30BaHre HAHOYACTHUI], KBAHTOBBIX TOUEK
U MHOTOCIIOMHBIX CTPYKTYp TIO3BOJISIET 3HAUMUTENBHO YIYUYIIUTH TEPMOIIEKTPHUUECKUE
XapaKTEPUCTHKH TOIYIIPOBOAHUKOB. Harpumep, nobasnenne HaHOCTPYKTyp B BizTes cHmxkaer
TEIUIONPOBOAHOCTD 32 CUET paccessHUs (POHOHOB.

3. Opranuueckue noyynpoBoAHUKU. Takue mMarepuanbl, Kak NOJMAHWIMH U HOJIUTHO(EH,
o0nagatoT OMOCOBMECTUMOCTBIO, YTO [JENAeT WX MEPCIEeKTUBHBIMU IS  MEIUIMHCKUX
npuIokeHni. FIX 0cHOBHOE IPEUMYIIECTBO - THOKOCTh M BO3MOXKHOCTb MHTETPALIUU C MATKUMHU
TKaHSIMU OpraHU3Ma.

AHamuzupys pabGoTtbl [1-6], MOXHO OHpENENUTh MPEUMYLIECTBA U HEAOCTaTKU
UCTIOJIB30BaHUS TTOIYIIPOBOAHUKOB B METUIIMHE:

[IpeumymiecTBaMu  SIBISICTCS BO3MOXKHOCTH MUHHUATIOPU3AIlMH, aBTOHOMHas paboTa,
OTCYTCTBUE HEOOXOAMMOCTH B XUMUYECKOM TOIIUBE U UX JIOJITOBEYHOCTh paOOTHI.

K HenocTaTkam OTHOCATCSI BBICOKAsi CTOMMOCTb IIPOM3BOJICTBA, TOKCUYHOCTh HEKOTOPBIX
MaTepHajoB (HarpuMep, TeIypa U BUCMYTA);

Pa3zpaboTka ruOKUX TEpPMORJIEKTPUUYECKHX IUIEHOK OTKPBHIBAET HOBbIE BO3MOXKHOCTH JIJIS
IIPUMEHEHHU YCTPOMCTB B TKAHEBOM MHKEHEPHH.

Emé omauM u3 mapameTpoB Ui BEIOOpa MaTepHANIOB JJIsl TEPMOTCHEPATOPOB SIBIISETCS
anektponBwkymias cuwia (DC) Tepmomap. DJIC Tepmomnap OOBIYHO HMEET OYEHb Mallble
3HAYeHHs, JIOCTUTAsE JIOJEeW BOJBTA, MOPOW COTHIX WM JaXKe CTOTHICSYHBIX. OIHAKO TyTeM
[OCJIEIOBATEILHOTO COEJUHEHUS MHOXKECTBA TEPMONAap MOXKHO TOJIYYUTh JIOCTaTOYHOE
KOJINYECTBO JEKTPUUECKON SHEPTUHU AJIsl MUTAHUSI ONPEIETICHHBIX YCTPOUCTB.

Crout oTMeTUTH, 4TO Y MHOTHX Tepmonap D/1C n3MeHseTcs HepaBHOMEPHO IPU HarpeBe.
HexoTtopsie TepMonaps! JeMOHCTpUPYIOT pe3kuit poct DJ]C npu nepBbIX 3Tanax Harpesa, 3aTeM
€ro 3aMejJieHHe, a Mo3Ke MajJieHnue 10 Hyls ¢ rmocieayromeil cMeHol 3Haka. [Ipumepom moxet
CIL’)KMTh TEpMollapa, U3roTOBJIEHHass U3 Menu M kenesa. [Ipu narpese cmas o 100 °C DC
nocturaet 0,00113 B, u Tok Hanpasisercst ot Meau K xenesy. [lpu 200 °C D/1C yBennuuBaercs
mo 0,00171 B, vo mpu temmeparype 400 °C nabmomaercs manenue g0 0,00120 B. Ilpum
nanpHelmem HarpeBe g0 541 °C DJIC wucuesaer, a 3areM BO3HUKAET BHOBb C OOpaTHBIM
HarpaBJIeHUEM TOKa — OT XkeJle3a K MeJlH.

Jnist coznanus >3 PeKTUBHBIX TEpMOIIap NPEANOUYTUTENHEHO MOAOUPATh TAKUE MATEPUAIIBI, Y
KOTOPBIX He HaOmonaercsa 3amemneHus pocta DJ[C uau cMeHbl MOJSAPHOCTU C YBEIUYEHHUEM
temneparypbl. Kpome TOro, BaXHO BBIOMpaTh MaTepHalbl C MUHUMAIBHBIM 3JIEKTPUYECKUM
COIPOTUBIIEHUEM, IOCKOJIBKY 3TO MO3BOJISIET MOMYyYUTh O0NbIINN TOK NpHU oguHakoBoit DJ[C.

Ha puc.l npuBeneHo rpaduyeckoe H300pak€HHUE TEPMOIIEKTPHUUECKONH CHOCOOHOCTH
MIOJTYIIPOBOTHUKOBBIX MaTEpPHAJIOB.

Jnis  Hay4yHBIX IIeJied TepMomapbl MOTYT OBITh WM3TOTOBJICHBI M3 JOPOTOCTOSIINX
MaTepHajoB, TaKMX KakK IUIATHHA, B TO BpEeMs KaK B IPOMBIIUIEHHOCTH M TEXHUYECKHX
OPUIOKEHUSAX TPEANOUTeHHE OTHaeTca Oojiee JOCTYMHBIM  BapuaHTaMm. Hampuwmep,
HCIIOJIB3YIOTCS KEJNEe30, MEJIb JIJIsl 4aCTO UCIOJIb3yeMOM CIljlaBa KOHCTaHTaHa (cruiaB 60% menu u

50



I IIYBBA. SPUMYTKA3STUUJIAP ®U3UKACH BA APUMYTKA3STTYJIAP
MATEPUAJIINYHOCJIUT'U MYAMMOJIAPU

40% nukens), xpomenb (90% uukens u 10% xpoma), anromens (95% Hukenst U 5% antoMuHUSA),
HuxpoM (80% nukens u 20% xpoma) u Ipyrue.

Haubonee pacnpocTpaneHHble KOMOMHAIIMM MaTEpHAJIOB BKIIIOYAIOT MEIb M KOHCTAHTaH,
JKeJIe30 M KOHCTAHTAaH, HUXPOM U JKelie30, XpoMelb U antoMenb. [Ipu TemrepaTypax Bbliie
1000 °C mpuMeHstOTCS TepMOIaphl W3 IUIATHHBI U €€ CIUIABOB, BOJb(pama, MoOnHOIcHA U
rpadura. J{ns HU3KOTeMIepaTypHbIX npmioxkeHui (10 300 °C) MOryT UCIOJIB30BAThCS CIUIABBI
BHCMYTa, CYpPbMBbI U ITUHKA.

J1st MeIMUMHCKUX el pa3pabaThiBalOTCS CICIIUATM3UPOBAHHBIE HU3KOTEMIIEPATYPHbIE
CIUIaBbl 1 OMOCOBMECTUMBIE MaTEPHAIIBI.
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Puc. 1. TepmosiiekTprueckne CliocCOOHOCTH MOJYNIPOBOAHUKOBBIX MATEPHAJIOB

[To pesynbraTraM HCCIIEOBaHMS MOXHO CIHENATh CIENYHOIIMHA BbIBOA. IlosynmpoBoaHUKH
UTPAIOT KJIFOYEBYIO POJIb B CO3JITaHUM TEPMOTE€HEPATOPOB JIJIsl MEUIIMHBI, 00€CTIeYrBast BHICOKYIO
3¢ (eKTUBHOCTh MpeoOpa3oBaHUsl SHEPrUM M PACHIMpss BO3MOXKHOCTH  aBTOHOMHBIX
MEIUIIMHCKHX yCT‘pOﬁCTB U 3TO ABJIACTCA JOCTHMXKCHUEM B obiacTu TEPMOIJICKTPHUICCKOTO
MOJIYTIPOBOJHUKOBOTO MpUOOpOCTpoeHus. B ToM duciie npoBeAeHHBIN KOMILIEKC TEOPETHUECKUX
Y DKCIEPUMEHTAIbHBIX UCCIIEIOBAaHUH 1a€T BO3MOKHOCTh pa3paboTKU U CO3/1aHUsl KOHCTPYKIUI
nprOOPOB AJIs TEIJIOBOTO BO3JEHCTBUS HAa OT/IEJIbHBIE 30HBI YEJIOBEYECKOTO OpPraHu3Ma.
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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 the magnetic properties of silicon
doped with elements belonging to the lanthanides group, and significant achievements have been
made in this field. Based on these studies, the possibility of developing modern magnetic field
sensors and magneto electronic devices has been demonstrated [1-3]. Interest in obtaining silicon
doped with elements from the lanthanides group is associated not only with the development of
diffusion-based doping technology but also with studying the fundamental physical parameters of
the obtained 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 interaction of impurity 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 single-crystal n-type silicon with a resistivity of p = 80
Ohm'cm and a size of 8x4x0.9 mm?3. Diffusion annealing was carried out in a tubular electric
furnace in the open air or in evacuated (P=10"°-10° mm Hg) quartz ampoules in the temperature
range T=1200+1350°C for t=15 h. The temperature during diffusion was additionally controlled
using a platinum-rhodium 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 LEO-1430 SEM setup. Energy dispersive
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 make up 29.02% (Fig.2).

Muorocnofnan kapra JAC 2

Fig. 1. Energy dispersive analysis of the silicon surface doped with impurity
europium atoms.
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europium.

Fig. 2. Morphology of the surface of a silicon sample diffusively doped with

Table 1. Elemental composition of silicon doped with impurities europium atoms.

Element Line type Weight.% | Sigma.%
C K series 9,50 0,55
0] 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 elements in silicon samples doped with

europium atoms (obtained on a LEO-1430 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 measurement
of conductive surface potential, electric field, and magnetic domains. This method provides
information about the number of atoms present in the formed peaks (Fig. 3).

Fig. 3. AFM Images of the Surface Condition of Si Samples
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(2)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 observed

peak in the 12.5 um spectrum on the silicon surface was found to be 1.6 x 10%.
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ITTIRIY BILAN LEGIRLANGAN KREMNIYDAGI TUZULMAVIY
O‘ZGARISHLAR

X.S.Daliyev, I.X.Xamidjonov, Y.Z. Mardiyev
O zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar fizikasi va mikroelektronika
instituti, Toshkent, O ‘zbekiston

So‘nggi yillarda yarimo‘tkazgich va optoelektronikaning asosiy materiali bo‘lgan kremniy
(Si) xususiyatlarini modifikatsiya gilish va uning qo‘llanish sohasini kengaytirish uchun turli
elementlar bilan legirlab, ularning optic va elektrofizik xususiytlarini o‘rganish bo‘yicha ko‘plab
tadqiqot ishlari olib borilmogda. Ushbu elementlar orasida lttiriy kirishmasi muhim ahamiyatga
ega [1--4]. Bunday kirishmalar kremniyning elektro‘tkazuvchanligi, mexanik mustahkamligi va
boshqa muhim xususiyatlarini o‘zgartirish imkonini beradi. Ushbu ishda yuqori temperaturda
ittiriy (YY) atomlari bilan legirlangan monokristall kremniyning nugsonli tarkibiga ta‘sirini Raman
spektroskopiya yordamida o‘rganish natijalari keltirilgan. Tadgigot uchun Choxralskiy usulida
o‘stirilgan va solishtirma qarshiligi - 7,5 Om-sm bo‘lgan n-tipli monokristall kremniydan
foydalanildi. Ittiriy atomlari bilan legirlash 1200°C temperaturda 1 soat davomida vakuumlangan
kvarts ampulalarda diffuziya usuli bilan amalga oshirildi. Diffuziyadan keyin namunalar tez va
sekin sovitildi.

Ittriy bilan legirlangan kremniy namunalarining Raman spektrlari o‘Ichab, kirishma va
termik ishlovning kristall strukturasi ta’siri aniqlandi. Dastlabki kirishmasiz (etalon) namunaning
Raman spektrlarining tahlili 1-rasmda keltirilgan va unda quydagi cho‘qgilar aniglandi. 131cm™,
311 cm?, 523 cm?, 705 cm™, 784 cm?, 952 cm™, va 1537 cm™. Bu cho’qgilar monakristall
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kremniydagi akustik TA, LA va optik TO, LO piklar hamda molekulyar bog‘lanishlarni beradi.
Asosan 131cm™ cho‘qqi  TA akustik sohani beradi, bu sohada nugsonlar amorf hususiyatni
ko‘rsatadi. 311 cm™ da 2LA akustik soha deyiladi bu joyda ham Si-F bilan kuchsiz bo‘g‘lanish
hosil bo‘ladi va bu amorf sohaga tegishli.

—— 1. KEF-7,5 om cm. Dastlabki namuna

o
2
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H]
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1-Rasm. KEF-7,5 Om-cm. Dastlabki Kirishmasiz (etalon) namuna.

523 cm? dagi cho‘qqi Si-Si kimyoviy bog‘lanishni beradi, bu optik soha deyiladi TO+LO
mavjud. 705 cm™, 784 cm™ kenglanma TA+TO sohalar deyiladi, cho‘qgilarda Si-Fs, Si-O larni
molekulyar bog‘lanishlarini ko‘rish mumkin. 952 cm™ cho‘qgi hosil bo‘lishi optik soha deyiladi
2TO sohaga mos keladi.

Shuningdek n — tipli kremniy nazorat namunalari ham 1200°C temperaturda 1 soat vaqt
davomida termik ishlovdan o‘tkazildi va ushbu namunalarining Raman spektri o‘rganildi. n-Si ga
ittriy atomlarini 1200°C da 1 soat davomida diffuziya qilindi va ittriy bilan legirlangan namunalari
ham Raman spektrometrida o‘lchandi. Olingan Raman spektrlari 2- rasmda keltirilgan. Ushbu
spektrlarga garasak nazorat namunada dastlabki namunaga nisbatan amorf sohalarda katta
o‘zgarishlar hosil bo‘lmagan, lekin optik sohalarda sezilarli darajada o’zgargan.

——1 KEF-7,5 om cm. Dastlabki namuna
30000 — ——2 KEF-7,5 om cm. Nazorat namuna
—3 Si-n<Y> Namuna
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2-Rasm. 1. Dastlabki kirishmasiz (etalon) namuna. 2. Nazorat namuna. 3. n-Si<Y>
namunalarning Raman spektrlari.
Kremniy Si-Si 523 cm™ dagi pikda o‘zgarishlar hosil bo‘ldi bunga sabab kremniy boshqa
moddalar bilan molekulyar bog‘lanishlarni hosil gilgan deyish mumkin.
Ittriy (Y) bilan legirlangan naminalarda juda katta o‘zgarishlarni kuzatish mumkin. Bunda
akustik, amorf, optik sohalarda ko‘rish mumkin. Grafikda 0-200 cm™ oraliqda amof soha pasiyib
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bormogda bu Y atomlari kristall panjarada nugsonlarni kamaytirishga hissa qo‘shgan, 200-400
cm? oralida ikkita molekulyar bog‘lar hosil bo‘lgan Si-F va SiOx.

400-500 cm™ oraliglarda qo‘shimcha Si-Y hosil bo‘lganini ko‘rish mumkin. Optik sohaga
tegishli bo‘lgan 523 cm™ cho‘qqimizda ham intensivlik oshganligini ko‘rish mumkin. Y atomlari
hisobiga kremniy kristal panjarasida tugunlar markazida joylashib, nugsonlarni tuzulmaviy
kamayishiga hissa qo‘shmoqda degan xulosa qilish mumkin.
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XPOM ATOMJIAPYU BUJIAH JETUPJAHI AH KPEMHU HAMYHACUHUHT
CUPT MOPDOJIOI'HUACHU

HI.b. Yramypanosa, K.M.®aiizy11aeB
VaMY xy3ypuoaeu Apumpmrazeuunap Quaukacu 6a MUKposNeKmpoHuKa uimuli-
MAOKUKOM UHCMUMYMU

XO03Upru KyHJa 3aMOHABUN MHMKPODJIEKTPOHUKA KypHJIMaJapu aCOCUHH SPUMYTKa3TUUIN
MaTepHajulapcu3 TacaBBYp KwiuMO Oynmaiinu. SpumyTkasrudaim MarepuaslapHUHT  HOEO
XyCycusiTIIapuaH OMpH YHUHT TallIKW Tabcupiiapra cezyBuannuruaup. FOxopuaa kaiin stuinran
xoccacu Ty(hainu 0y MarepuamiapJad Xo3upaa KeHr (oiiananud KemTuHMOK/IA.

Kpemuuil sipumyTKasruuy maTtepuand acocuja TYypiu TallKU Tabcupiapaa (MCCHKIHK,
panuanus, 60cuM Ba X.K.) HILJIOBYM AJIEKTPOH KypHiIMajiap MIUIa0d YuKUIMOKAA. ByHUHT yuyH
KPEMHUNHUHI HWCCUKJIUKKAa OapJONUIMINIMHU Ba WCCUKJIWK MIUIOB OEpHII HaTHXKacuiaa yHJa
conup Oymamuran y3rapulUIapHU TaAKUK OTHII MyXMM Macaia xucoOnaHanu. HOxopu
xapopatiapja KpeMHUNTIa MCCUKJIMK WILIOB OepUiHIIM OuiaH OOFMHK TaAKHKOTIAapra Kypa,
HaMyHaJlapra UCCUKJIMK OMJIaH UIIJIOB OEPHITUINN YH/Ia MaBKy]l OYIIraH HyKCOHJIAp TY3WIMIIH Ba
CTpyKTypacura Tabcup 3taau [1-2].
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YmlOy uniga kpeMHuit HamyHacura okopu xapopatriaapaa (1100-1200 °C) uccukmk uiioB
OepwnIIM Ba yHTa YTYBYM OJJEMEHTIAapIaH Oupu OYiaraH XpoM aromiiapd KHPHUTHITaH
HaMYHJIAPHUHT CUPTHUA COIMP OVIITaH y3rapuiuiap TaaKUK THUIITaH.

TankukoT y4uyH nactiabd n-Si  HaMmyHanmapu Tai€prnanau. Hamynanmapra MexaHuk Ba
KkuMEBMI nnutosnap 6epuian. CYHr HaMyHanapra UCCUKIUK uiuioB oepunumu T=1100-1200 °C
xapopatnapaa t=2 coar gaBomuaa CYOJI-4M neunpa onub® Gopunau. Kpemuuii HamyHacura
xpom aromuapnu 1200 °C xapopatna quddysus ycynuna KUpUTHIAR. MnMmuii HaTtwkazap onuo
6opur yayH Hitachi S-3400N mMapkanu cKaHEpJIOBYHU SJICKTPOH MUKPOCKOIT EpAaMuia KpeMHUH
HaMyHaJIapUTa UCCHKJIMK UIIUIOB OCPUIIHIIN TaAhCUPHIa HYKCOHJIAPHHUHT Y3rapUIIHHUHT TaJKUKA
YYyH TaCBHUPJIAP OJHMHIH.

Kpemuuiinaru TepMuKk UIUIOB OEpUIIUIIN TabCUPUIATU HYKCOHJIAPHUHT Y3rapuinu 0yinya
VYTKa3wiraH TaJAKUKOT HATWXKalapu IIYHH KYpPCaTAMKH, >KapaHHUHT JaBOMUIUIMTH Ba
HAMYyHaJapHUHT COBYTHUINI YCy/Ulapu MyXuM Qaktopiapiaan xucobnaHamu. SIbHH, IOKOPH
xXapopariapja KpeMHHA HaMyHaJapura HCCHUKIMK WIOUIOB  OCpWIMINM  HaTH)Kachaa
HaMyHaJapJard HyKCOHJIap TaOnaTu KecKuH y3rapamu (1-pacm).

1-a pacmaa Hazopatr HamyHacH to3acuHu 500 MapTa KaTTaTAlITUPUITAH XOJIAaru TaCBUPHU
Oepuiran. OJMHraH TacBUpAAH LIYHH KYpHII MYMKWHKH, HAMyHA FO3aCHHHHT HOTECKHCIHMIH
(mmepoxoBatrocTs) rokopu. HamyHa ro3acupa Typiau yiauamgard dyKypyajgap MaBKyUIUTHHH

HaMyHa KH034aCUHU MMOJIMPOBKAJIaHMATr'aHJIUT'U OwtaH HU30xJ1all MyMKHH.

1-pacm. KpemHuii HAMyHAJAPUHMHT CKAHEPJIOBYH 3J1eKTPOH MHUKPOCKOIAATH
TacCBHPJIapH. a-Ha30paT HamyHa; 0-1100 °C 1 xapopaTaa TepMHK HILIOB OepWJIraH
HAMYHAa, I-XpOM ATOMJIADH OMJIAH JIETHPJIAHTAaH KPEMHHMII HAMYHacCH.

1-6 pacmpa sca Hazopat HamyHaiapura 1100 °C xapopataa HCCUKIMK UIIIJIOB OepUIraHaH
CYHT OJIMHTAH TaCBUpHU KeNTUpuO yTuiran. LllyHu Kaiia STUII TO3UMKH, HAMYHaJIap T€3 COBYTHUII
YCYJIM OPOKaJIN COBYTHJITAH/IaH CYHT, HaMyHasap 103acu 25-30 MKM KaTMHJIMKIA MEXaHUK UIIIOB
Oepuil ycyiau oOpKaiu onu0O TanuiaHraH. TacBupiapiarun OuWp XuJ paHraard rosamap Si
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SKAHJINTUHU OWJIIUpCa, Yadamiiapu 5-35 MKM OpajiuKIard opordaiap HCCUKITHK TabCUPU OCTHAA
103ara KeJraH HyKCOHJIap SKaHJIMIUAaH jfanosar 0epanu. KpeMHutHI XpoM OuslaH JIerupiiaHuIm
YHMHI I03aCHJard HaHO3appajap MUKIOPH Ba 3UYIMIMHUHI OLITaHWHU, KOJIABEPCA, KPEMHUMI
103acHJlar KHUpHILIMa aToOMJIapu KOWJAIUTaHWHW TacBUpJjapJaru €EpKUH paHIjiap OpKalu
KYpHUILIUMU3 MyMKUH (1-T pacm).

TagkuKOT HaTWKajmapura Kypa IOKOpPH XapopariapAa KpPEeMHUWra HCCHUKIMK HIUIOB
OepuiIMIIM yHAAQ MaBXKyJd OYiIraH HYKCOHJIAp TY3WIMILM Ba CTPYKTypacura TabCUpP 3THUILU
AQHUKJIaH/IH.
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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 nanoparticles
embedded in silicon oxide layers, have been actively researched over the past two decades as
promising materials for non-volatile memory devices, third-generation photovoltaic devices, and
other applications. Particular interest in such composites, including erbium-doped (Er) composites,
remains due to the possibility of creating silicon-based light sources for optoelectronic devices
[1,2].

In recent years, attention to erbium silicide (ErSizx) has increased, as this material has a low
Schottky barrier on n-type silicon (0.3-0.4 eV) [1,2], which opens up prospects for the use of
ErSiox in source and flow contacts in future superscale complementary metal-oxide-
semiconductor (CMOS) transistors. This can significantly reduce contact and series resistance,
which is especially important at low Schottky barriers. ErSiz.x is also used in new Schottky barrier
FETs [3,4].

Despite its low resistivity, erbium oxidizes rapidly, as metallic Er reacts vigorously with
oxygen [5]. A number of studies report that thin films of ErSi>.x are formed by evaporation of Er
onto Si substrates under ultra-high vacuum conditions, followed by annealing, which prevents
oxidation. Silicon doped with rare earth elements is of particular interest due to problems such as

58



I IIYBBA. SPUMYTKA3STUUJIAP ®U3UKACH BA APUMYTKA3STTYJIAP
MATEPUAJIINYHOCJIUT'U MYAMMOJIAPU

inhomogeneities 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 erbium-doped silicon was studied. Initial samples of
p-Si, erbium-doped silicon (p-Si<Er>), as well as p-Si-Er composites were studied using Raman
spectroscopy and X-ray phase analysis. [6-10]. The cubic structure of silicon allows for the
presence of a single first-order Raman phonon with a wavenumber of 520 + 1 cm™, as well as
additional less intense peaks [8,9].

In the silicon spectra, vibrations at 304 cm™ are observed, associated with the longitudinal
acoustic mode, and a wide peak in the range of 900-1100 cm™, 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 521 cm™ decreases by 1.5 times, which may indicate a
violation of the silicon crystal lattice due to the introduction of Er atoms.

The results of X-ray phase analysis show that the elements Si, O and Er are present in the p-
Si-Er composite in the expected concentrations, which confirms the substitution of Er atoms in the
silicon structure. The peak at 28.40° corresponds to silicon, whereas the peak at 94.80° refers to
erbium.

Studies conducted by Lau et al. [11] have shown that the presence of an oxide layer between
the metal layer and the Si substrate leads to the formation of pores on the surface of the composite,
which are composed of ErSi>.x. This causes the diffusion of Si atoms through the depressions and
the formation of polycrystalline ErSib..

Analysis of Raman spectroscopy data shows that the insertion of Er atoms on the p-Si surface
causes both minor changes in the signals and the appearance of new oscillations, which is
associated with the formation of Er-Si bonds. The presence of erbium on the surface of p-Si is
confirmed by X-ray spectral analysis.
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KOBALT SILITSIDI ELEKTR O‘TKAZUVCHANLIGI VA
HARAKATCHANLIGINING TEMPERATURAGA BOG‘LIQLIGINI TADQIQ ETISH

A.T.Mamadalimov, M.Sh.Isayev, S.Q. Musayev
O ‘zbekiston Milliy universiteti

O‘tish elementining silitsidlari, xususan kobalt silitsidlari o‘zining yuqori termik stabilligi,
yaxshi elektr o‘tkazuvchanligi va kremniy bilan birga oson qo‘shila olish xususiyati mavjudligi
hisobiga mikro- va nanoelektronikada qo‘llanilish uchun istigbolli material hisoblanadi. Ushbu
ishda monokristallik kremniyni kobalt atomlari bilan legirlash jarayonida hosil bo‘ladigan kobalt
silitsidlarining elektr o‘tkazuvchanligi va harakatchanligining temperaturaga bog‘ligligi 100 K dan
600 K gacha temperaturada o‘rganilganda olingan natijalar keltirilgan. Bu ma’lumotlar katta va
o‘ta katta integral sxemalar yaratishda past omli kontaktlar olish uchun muhim hisoblanadi.

Kobaltning kremniyga diffuziya bo‘lish koeffitsiyenti katta bo‘lgani uchun legirlashda
diffuzion usuldan foydalanildi. Kobalt atomlari KDB-10 va KEF-20 markali monokristallarga
800-900 °C da diffuziya qilindi. Kristallning sirt sohasida 30-40 mkm chuqurlikda kobalt
silitsidlari hosil gilindi. Silitsid strukturasi rentgen diffuziya va skanerlovchi elektron mikroskopda
o‘rganildi. Elektr o’tkazuvchanlikning temperaturaga bog‘ligligi to‘rt zondli usuldan foydalanib
o‘lchandi. Zaryad tashuvchilar harakatchanligi Xoll qurilmasida aniqlandi.

Kobalt monosilitsidi uchun quyidagi natijalar olindi (1-rasm):

1.100-270 K temperatura oralig‘ida elektr o‘tkazuvchanlik temperatura ortishi bilan chiziqli
kamaygan. Buning sababi zaryad tashuvchilarning fononlarda sochilishi katta bo‘lganligidadir.

2. T=270 K da elektr o‘tkazuvchanlik kamayishdan to‘xtaydi, buni elektron
o‘tkazuvchanlikning kovakli o‘tkazuvchanlikka almashishi bilan tushuntirilishi mumkin.

3. 270-600 K temperatura intervalida elektr o‘tkazuvchanlikning ortishi kuzatilgan. Bu
kovakli zaryad tashuvchilar konsentrtsiyasi ortishi bilan tushuntirilishi mumkin.

A
(

v

1-rasm
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Kobalt disilitsidida temperatura ortishi bilan o‘tkazuvchanlik chiziqli kamayadi. Bu zaryad
tashuvchilarning fononlar, nugsonlar, klasterlarda sochilishi bilan tushuntirilishi mumkin.
Temperatura ortishi bilan elektr o‘tkazuvchanlik o‘zgarishidagi o‘ziga xosligini tadqiq etish
uchun harakatchanlikning temperaturaga bog‘ligligi o‘rganildi (2-rasm).

sm?

v

2-rasm

Kobalt monosilitsidida 100-270 K temperatura intervalida harakatchanlik eksponensial
kamayadi, 270-600 K oralig‘ida ortadi. Harakatchanlikning temperaturaga bunday bog‘ligligi
kobalt monosilitsidining yarimo‘tkazgich ekanligi bilan tushuntiriladi. 100-270 K temperatura
oralig‘ida kobalt monosilitsidi n-tur o‘tkazuvchanlikka, 270-600 K da p-tur o‘tkazuvchanlikka
ega.

Kirishmalarda 100270 K temperatura oralig‘ida avval sochilish ustunlik qiladi, keyin
ustunlik fononlarda sochilishda yuz beradi.

Turli temperatura sohalarida turli turdagi to‘qnashuvlar hissasi turlicha bo‘ladi. Panjara
issiqlik tebranishlaridagi sochilishni ko‘raylik. Bu sochilish nisbatan yuqori temperaturalarda
o‘zini kuchli namoyon qiladi. Past temperaturalarda bunday tebranish chastotalari past bo‘ladi.
Debay temperaturasidan yugori temperaturalarda:

— homax Omax _ Y _ YV
2k’ 2m max 3 in 2a

bu yerda w,,,,— atomlarning tebranishining doiraviy chastotasi, v — kristalldagi tovush
tezligi, a — panjara parametri, & — Debay temperaturasi.

Fononlar soni temperaturaga proporsional ravishda ortadi. Kristall ichida fononning harakat
tezligi — tovush to‘lqginlari tezligi bo‘lib, miqdori 10° sm/s, tok tashuvchilar harakat tezligi ~10’
sm/s ga teng. Bundan chiqadigan xulosa: tok tashuvchilar uchun fononlar panjaraning ‘“qotib
golgan” defektlari hisoblanadi. Tashuvchilarning bunday defektlar bilan to‘qnashuvi
temperaturaga bog‘liq.

2-rasmdagi egri chizigni yana mana bunday tushuntirish mumkin. Atomlar issiglik
tebranishi natijasida zaryad tashuvchilar sochilishi sodir bo‘ladi. Atomlar issiqlik tebranishi bilan
bog‘langan ko‘ndalang kesim issiqlik tebranish amplitudasi kvadratiga proporsional. Bunda
effektiv to‘qnashish chastotasi sochuvchi markazlar kesimiga va ular orasidagi tashuvchilar
ko‘“chish tezligiga proporsional.

Kobalt disilitsidi harakatchanligi barcha temperatura intervalida temperatura ortishi bilan
chizigli kamayadi, bu metallik o‘tkazuvchanlikka xos xususiyat.
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THE EFFECT OF SILICON DOPING BY HOLMIUM ON STRUCTURE AND
PROPERTIES BY SCATTERING SPECTROSCOPY

Sh.B. Utamuradova, J.J. Hamdamov, H.J. Matchonov, F.O. 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, Raman spectroscopy methods are actively used [1-4].

Heterostructures (Ho-Si) and solid solutions (n-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), built-in elastic stresses appear in the layers Ho, Si, Ho-Si of multilayer structures.
crystal lattices largely determine the quality of structures, since stresses generate the formation of
structural defects and in some cases greatly limit the possibilities of creating perfect
heterocompositions. Changes in the composition and deformation of the material change the
crystal structure, and thus manifest themselves in changes in vibrational, phonon spectra. One of
the methods of structural analysis that makes it possible to study phonon spectra and their changes
is Raman spectroscopy. In this work, the spectrum of a workover sample n-Si<Ho> (x = 0.25)
grown on a substrate of Si orientation (100) was investigated. The thickness of the solid solution
layer is 5 um. Si-Si, Ho-Ho, and Ho-Si bonds are present in the solid solution.

As can be seen from the given spectrum (Fig.1), silicon consists of Raman scattering at 525
cm for n-Si and 530 cm™ for p-Si, respectively, resulting from the first order optical phonon in
the Brillouin center region, the Raman band in the spectra of the resulting n-Si<Ho> appears at
525 cm* (shift -5 cm™), and in the case of p-Si<Ho> appears at 525 cm (shift +5 cm™) relative
to the position of the peak of the silicon substrate, thereby indicating the presence of tensile
deformation. The absence of other impurity peaks of the samples indicates a higher purity of the
samples.
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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 absorption
at ~960 cm™1, which corresponds to the valence oscillation of Si—O-Si. Apparently, the above
results demonstrate the successful production of the Si<Ho> composite on the surface of the
material. In the study of Raman spectroscopy of materials, two Si peaks located at ~522 and ~950
cm they correspond 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 strains
and the band shift is not the result of a single uniaxial stress. The arm at~522 cm™* 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

A.S. Achilov!", S.A. Muzaffarova?, G.A. Muzaffarova?, A. Kutlimratov!

YO0’zFA Fizika-texnika instituti, Ch. Aytmatov ko’ch. 2B, 100084, Toshkent, O zbekiston
2Yarimo tkazgichlar fizikasi va mikroelektronika ilmiy tekshirish instituti, Yangi Olmazor ko ch.
20, Toshkent, O ’zbekiston
£-mail. alimardon.uzb@mail.ru

Optik shaffof tok o'tkazuvchi indiy galay oksidi (ITO — Indium Tin Oxide) gatlamlar keng
tagiglangan sohali yarimo'tkazgich bo'lishiga garamay, past garshilikka ega bo’ladi. Chunki ular
n-tip o'tkazuvchanlikka ega bo’lgan degeneratsiyalangan yarimo'tkazgichlardir. Adabiyotlardan

63


mailto:alimardon.uzb@mail.ru

I IIYBBA. SPUMYTKA3STUUJIAP ®U3UKACH BA APUMYTKA3STTYJIAP
MATEPUAJIINYHOCJIUT'U MYAMMOJIAPH

ma'lumeki, tarkibi 90% In.O3 va 10% SnO; dan iborat bo’lgan ITO yupqa qatlamlari, past qarshilik
va yugori optik shaffoflikning optimal kombinatsiyasiga ega [1,2]. Sindirish ko’rsatkichining
yugoriligi (n = 1.97+2.06) va past solishtirma garshilik (<10 ohm sm) tufayli ITO yupga
gatlamlari quyosh elementlarida (QE) akslantirishga garshi keng zonali shaffof "oyna" sifatida
qo’llaniladi [3-5]. Bundan tashqari, tagiglangan sohasining (Eg ~3,5-3,6 eV) kengligi ITO
materialining elektromagnit nurlanish spektrining ko'rinadigan sohasida 95% gacha shaffofligini
ta'minlaydi [2,3].

Shaffof o'tkazuvchan ITO gatlamlarini olishning turli usullari mavjud bo’lib, ular bir-
birlariga nisbatan ma’lum bir afzalliklar va kamchiliklarga ega. Ular orasida zamonaviy mikro va
optoelektronika talablariga javob beradigan parametrlarga ega ITO gatlamlarini olish imkonini
beradigan, hamda gatlamlarni o’tqazishdan keyin ularga turli usullar bilan ishlov berishga imkon
beruvchi magnetron ionli purkash usuli keng qo’llaniladi. Shuning uhun ham, mazkur ishda
tajribaviy ITO yupga gatlamlari argon hazida magnetron ionli purkash (MIP) usuli bilan olingan.
Ushbu ishda shisha tagliklarga reaktiv magnetronli purkash usuli bilan yuqori haroratli ishlov berib
va ishlov bermasdan olingan ITO yupga gatlamlarning xususiyatlarini o'rganishdan olingan
ma'lumotlar keltirilgan. Qo’llanilgan MIP usuli quyidagi afzalliklarga ega [6]:

- yupga gatlamlarning taglikka yuqori yopishishi, chunki MIP usuli bilan purkalayotgan
zarrachalarning energiyasi odatda qo’llaniladigan oddiy bug'lanish paytidagi zarrachalarning
energiyasidan kattaroq bo’ladi;

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

- purkalayotgan materialdan yuqori darajada foydalanish imkoniyati;

- galinligi bir xil bo'lgan gatlamalarni olish imkoniyati (jumladan murakkab relefli yuzaga
o’tqazishda);

- vakuumli bug'latish paytida kuzatiladigan yirik aglomeratlarning yo'qligi;

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

- jarayonning turli parametrlari orasidagi migdoriy nisbatlardan foydalanish hamda yupga
qatlamlarning o’tqazish rejimlarini avtomatik boshqarish imkoni mavjudligi.

MIP usuli bilan olingan ITO yupga gatlamlarining xususiyatlari asosan dastlabki bosim,
magnetronning quvvati [7], argon gazining bosimi [8], o’tqazish vaqti [9], o’tqazilayotgan
materialning taglikka tushish burchagi [10], nishon va taglik orasidagi masofa, taglik turi [11],
gatlam qalinligi [12], taglik harorati [13] kabi turli xil parametrlariga bog'lig.

Tajribalarda tizimdagi argonning optimal bosimi (5+6) 102 mm.sim.ust. ga teng bo’lgan.
Bunda Ar* (argon) ionlari nishonning butun yuzasini goplab oladi va katodning salbiy potentsialini
himoya giladi, 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 purkagandan so'ng unga
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 pasayishiga olib keladi. Buning sababi shundaki, past
harorat tufayli 100 °C dan past haroratda o’tkazilgan qatlamlarning ITO amorf tuzilishi taglik
yuzasiga o’tqazilgan atomlar va keyinchalik o'sib borayotgan qatlamda kristall panjara hosil qilish
uchun etarlicha faol emas, chunki kristallanish 150 °C yoki 200 °C da boshlanadi [14]. Shuning
uchun gatlamlar 1TO galogenli lampa yordamida xona haroratidan 100-150 °C gacha gizdirildi.

64



I IIYBBA. SPUMYTKA3STUUJIAP ®U3UKACH BA APUMYTKA3STTYJIAP
MATEPUAJIINYHOCJIUT'U MYAMMOJIAPH

Undan keyin namunalar vodorod ogimida 250 °C gacha haroratda t = 30 dagiga davomida
gizdirildi.

Shu tarzda olingan gatlamlar shisha taglikga yaxshi yopishgan, quyuq gizil rangli, galinligi
d ~ 0,6 mkm va's ~ 1 sm? yuzaga ega bo’lgan. ITO ning elektr xususiyatlarini o'rganish, optik va
elektr tadgiqotlarini o'tkazish va o'lchash paytida asboblarni ulash uchun ITO plyonkasiga bir-
biriga garama-qarshi va bir-biridan teng 0,8 sm masofada joylashgan o'lchamlari ~ 2,2 mm bo’lgan
to'rtta kontakt olindi. 1TO gatlamining garshilik o'lchovlari shuni ko'rsatdiki, u 6-10° sm gatlam
galinligi uchun taxminan 8-10* Ohm sm bo’lgan, bu esa adabiyotlardagi ma'lumotlarga juda yaqin
[14,15]. Zaryad tashuvchilarning kontsentratsiyasi va harakatchanligi Hall effekti usulida amalga
oshirildi. Olingan ITO gatlamidagi zaryad tashuvchilarining konsentratsiyasi >10'° sm™ ga va
harakatchanligi esa >1 cm?V!s? ga teng bo’lgan, bu adabiyot ma'lumotlarga mos keladi. 400 dan
1000 nm gacha bo'lgan to'lgin uzunliklarida shaffoflik o'lchovlari shuni ko'rsatdiki, biz olgan ITO
gatlamlarning yorug'lik o'tkazuvchanligi kamida 80-85% ni tashkil giladi.

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

Ushbu tajriba natijalari quyidagi xulosaga kelishga imkon beradi: Mir usuli bilan sovuq
substratga qo'llaniladigan ito gatlamlari, keyin tavlanadi, fagat kislorod va argonning gisman
bosimi aniq piiskiirtme tezligiga mos kelganda yaxshi o'tkazuvchanlik va shaffoflikka ega. Sovuq
substratga magnetron piiskiirtiildiigiinde, nafagat substratga qo'llaniladigan atomlarning foizi,
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
boshqa shunga o'xshash maqgsadlarda qo’llanish mumkin.
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TEMHUP ATOMU BUJIAH JIETUPJIAHI'AH MOHOKPUCTAJLII
KPEMHUWHWHT UTHOPAKNU3WJI CIIEKTPA

X.C. aaues?, 3.M. Xycanos?
YTowkenm waxpu, “MIU” munuii maokuxom ynueepcumemu” Dedepan oasniam
010021cemu onull MAvIUM Myaccacacu Quiuan,
2V3MY xy3ypudazu SApumpmrazeuuiap Gusukacu 6a MuKpos1eKmpoHuKa uimuii-
MAOKUKOM UHCTUMYm

X03Upru KyHJ1a MabIYMKH, KDEMHUMHU YTYyBUM 3JIEMEHTIIap OUJIaH JIETUpIIall kapa€Hu  Ja
ylap acocuja sipaTHUIraH APUMYTKA3TUUIM acOOONapHUHT MINYM [apaMeTpiiapd  Ba
($OTO3EKTPUK XapaKTepUCTUKANIApHUra KaTTa Tabcup Kypcaraau [1-2]. By ilyHanumgaru kynrusaa
TaJKUKOT HIIIapuaa 6a3a MaTepualura YTyBUM 3JIEMEHTIap KUPUTHITAH aTOMJIAPHUHT JIEKTP
Gdaonnuk xonaTura TabCUPH TYIHMK YpraHuiamarad. MabIyMKH, KpEMHUNTAa KUPUTHITaH HOAUD
AIIEMEHTIIap KPUCTAT MaHXKapaaa IOKOpH KUMEBHM (paoyumkka sra O0Ynubd, KpeMHMIEIa SJIEKTP
Kuxataad (aosr OYIMaraH XoJaTaa UIITHPOK 3Taau [3-4].
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Ymly uimga n- xamaa p- Typaard Si KpeMHUNH MOHOKPHUCTAINTa TEMUP aTOMH KUPUTHJITaH
yKapa&Hu Ba yJIApHUHT TYpJIM KHpUIIMaap OuilaH ¥3apo TAbCUPUHU KOMIUIEKC TEKITUPHUIL KaTTa
KM3UKUII yirotagu. TaaKUKOTIa MIIMAA N- XaMaa p- TypJard Si MOHOKPHCTal KPeMHHUIMHU
Temup aromu noumuii xapoparaa T=1200°C , t =10 coar BakT maBomuaa quddy3us KUIUHTaH
HaMYyHaJIAPUHUHT 3JEKTPO(U3HK apaMeTpiapy YpraHwiIn.

Ontuk ¢aoa yriepoa aToOMIAPUHUHT KOHLEHTpalMsIcH Kyhuaaru gopmynanap Oyinda
AHUKJIAH]IU:
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By ycyn aca kpeMHHMIT MOHOKpHUCTaIHIArd OOMIKapuO Oy IMaiurad TEXHOJIOTUK HYKCOH -
onTUK (aoi KUCIOPO] KOHIIEHTPAIIMSICUHN KHCMaH KaMalHII|ra SPUIITUIIIH.
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CALCULATION OF THE ON-OFF TIME OF A TUNNEL DIODE BASED ON
THE NOTT AND DE-MASSA THEORY

M.K.Uktamova?, *A.A.Mamatshoyev?, Z.Weber?.
!Namangan State Technical University, 12 Islam Karimov Street,
Namangan 160103, Uzbekistan.
2Ohio State University, USA.
gmail: umk9391@agmail.com

In an era 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 the
reliable storage of data about the studied object or the rapid transmission of information to the
subject.The 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 controlling high-frequency signals. Numerous general analytical
methods have been proposed for calculating the transition time of tunnel diodes. In particular, the
transition time of various heterojunction tunnel diodes depends on the type of materials used in
their fabrication.The operating technology and current-voltage characteristics of silicon-based
tunnel diodes were examined in the PhD dissertation of Yan Yan. Additionally, Professor J.
Pavlik's doctoral research explored models essential for circuit design involving tunnel diode-
based devices.Today, the total current in a tunnel diode is determined based on the Nott and De
Mass theory. According to this theory, the total current I in a tunnel diode is the sum of the tunnel
current IT, excess current IX, and diffusion currents | 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 introduced their
own new model, called the "Validation" model.
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Iy
In this study, we theoretically examined the dependence of the tunnel transition time on Iy

for a tunnel diode.
According to the Nott and De Mass theory, the current-voltage characteristic (I-V curve) of
a tunnel diode is determined by the peak value of the tunnel current Ip and the corresponding
voltage Vyp, as well as the minimum current |, and its corresponding voltage V, . These variations

are expressed by equation (1).

_ 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):
_ c (V) 2
-)

T
L (1 I;

T
Where is the tunnel switching time and C is the diffusion capacitance.
Yan’s experiments on germanium-based tunnel diodes provided multiple experimental
graphs. Among these graphs, the relationship between the tunnel switching time and the peak-to-
Ip
minimum current ratio-/» 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. Yan’s experimental results, the
values of and were selected
accordingly, and when substituted
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 ratio for a germanium-
based tunnel diode.

It is known that in p-n junction tunnel diodes, the diffusion capacitance is proportional to the
lifetime of minority charge carriers. 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 the
quality factor, the more efficient the tunnel diode operation.
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In this study, based on the Nott and De-Massa theory, a significant increase in diffusion
capacitance and electron concentration was observed. It was determined that an increase in
diffusion capacitance leads to a change in the quality factor of the tunnel diode. The experimental
graph of the relationship between the tunnel switching time and the peak-to-minimum current ratio
for germanium-based tunnel diodes was compared with the theoretical graph, confirming their
consistency. The tunnel switching time also depends on external fields, which can alter the
electrophysical properties of the tunnel diode.
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PAMAHOBCKAS CHHEKTPOCKOIIUA KPEMHMUS, JETUPOBAHHOT'O POAUEM

II.B.Yramypanosal, JI.A.Paxmanos’*
YHayuno-uccneoosamenvckuii uncmumym gusuxu nonynpoooHuKos u

murpoanekmponuxu npu HYV3, e. Tawxenm, 100057 V36exucman
*e-mail: dilmurod-1991@bk.ru

Kpewmnuii (Si) sBnsieTcss OCHOBHBIM MaT€pHAIOM B MUKPO3JIEKTPOHUKE, UCIIOJIb3yEMbIM MTPH
MIPOU3BOJICTBE MHTETPAIbHBIX CXEM, TPAH3UCTOPOB U IPYIHX MOIYHPOBOAHUKOBBIX MPHOOPOB.
OpnnHako B yCIIOBUSX pagUallMOHHOTO BO3JEHCTBUS, HAIIPUMED, B KOCMOCE, SAEPHBIX PEaKTOpax
WX BOJIN3M MCTOYHHUKOB MOHU3UPYIOIIETO U3IYUYEHUs, CTPYKTypa KPEMHUSI MOXKET 3HAYUTEIHHO
WU3MEHATbCA. OTH M3MEHEHHs NPUBOAAT K AETPAJALUU €r0 NIEKTPUUYECKHX, MEXAaHMUECKUX H
ONTUYECKUX CBOWCTB, YTO HAKJIAJbIBAET OTPAaHUUYEHUS HA €ro NMPUMEHEHHE B HKCTPEMAIBHBIX
ycnoBusx[1].

Ilenpto naHHOW pabOTHI SIBISETCS WCCIenOBaHUE ACPEKTHOW CTPYKTYPhl KpPEMHUS,
JIETUPOBAHHOT'O POJIUEM C TIOMOIIBI0 PAMAaHOBCKOM CIIEKTPOCKOINH.
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PamaHOBCKasi CHEKTPOCKONUSA— 3TO ONTUYECKUI METOJT aHAIM3a BEIIECTBA, OCHOBAHHBIN HA
HEYIIPYrOM pPAacCesHHMM MOHOXPOMAaTHYECKOTo cBeTa (OOBIYHO, Jiazepa) MOJIEKYJIaMH
UCCIJIEIyeMOT0 MaTepuaja. TOT METO MO3BOJIAET MOJIydyaTh UHPOPMALHIO O KOJIeOATEeNbHBIX,
BpallaTeNIbHbIX U APYTUX HU3KOIHEPTETUUECKUX COCTOSHUSIX MOJICKYII, YTO JIeIaeT €ro MOIIHBIM
WHCTPYMEHTOM JIJIs1 U3Y4YEHUS CTPYKTYPhI U CBOMCTB MAaTE€pUasOB.

B kauecTBe uccienyeMoro 00beKkTa UCIoJIb30BAJICS KPEMHUH N-THIa IpoBoguMocTH (N-Si)
¢ yaenbHbIM conpotuiienneM 40 OM:cM, BeIpalieHHbII MeTogoM Yoxpansckoro. Konentpamus
jgerupymoomeil  npumecun  (ocdopa B HCXOOHBIX MOHOKpHCTauIaX N-Si  cocTaBisia
8x10%3+7x10%cm 3. JlernpoBanue KpeMHHUS pOAUEM HPOU3BOAMIOCH (D Y3HOHHBIM METOIOM C
HaIbLJICHUEM aTOMOB POJUSl Ha MOBEPXHOCTh KPEMHHS B OTKAYaHHBIX KBapLIEBBIX aMITyliaX B
unrepsaie remmneparyp T = 1100+1200 °C B Teuenue 3+5 yacos.

B pucynke 1. noka3zansl PaMaHOBCKHE CIIEKTPBI HCXOAHBIX U JIETUPOBAHHBIX KPEMHHUEBBIX
oOpa3uoB. Ha PamaHOBCKOM cIieKTpe MCXOAHOIO KpeMHHsI oOHapy:xeHbl nuku mpu 305, 521 u
mmpoknii B auanazone 913-1039 cml, xoTopsle mpuHAmIEKUT KyOuueckoMy Kpemumo. Ham
U3BECTHO [2], YTO B KPEMHHUU C KyOMUYECKOW aIMa301o100H0M CTPYKTYpOil HaOIIOMAI0TCS OIMH
KOMOWHAIIMOHHO-aKTUBHBIH ()OHOH TIEPBOTO MOPSIKA, COOTBETCTBYIOIIUN BOJIHOBOMY YHCITY
520+1 cm? (LTO), a Takke [AONONHUTENbHBIE MEHEe HHTEHCHBHBIE IHKH B pe3yjbTare
JANbHOICUCTBYIOIIEH TPAHCISIUOHHON CUMMETPUH.

521 i —— n-Si
n-Si - h-Si(Rh)}-1100 °C
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Puc.1. PamanoBckue CIIEKTPbI KPEMHUS, JICTUPOBAHHOI'O POAMEM.

O6HapyxeHHoe Kojebanue mpu 304 cM * Ha KPC-crekTpax KpeMmHus cornacHo [2,3]
OTHOCHTCS K MPOIONLHOM akycTHueckoi Mose. Ilupokuii muk B auanasone 913-1039 cm ! 6w
oOHapykeH B OKCIEPUMEHTAIbHBIX paboTax Uii  MOHOKpHcTaluiMueckoro [4] wu
HaHOKpHCTATNUecKoro [5] kpemuus. JlanHHoe konebaHne 00yCIIOBIEHO PACCesTHUEM HECKOJIBKHX
nonepedHbIx onTruueckux GoHoHOB (2TO) u nx 00epTOHHBIM cOCTOsIHUEM [6].

JlanmpHeiimee JIETHPOBAaHWE KPEMHHSI aTOMaMH POJUSl TPHUBOJUT K HE3HAYUTEITHHBIM
M3MEHEHHUSM M TIOSBIIEHUIO HOBBIX KoyieOaHMi Ha PamaHOBCckuX cnekTpax. IHTEHCHBHOCTb
OCHOBHOTO TiHKa TIpu 521 cm! yBenmumBaeTcss B JNErMpPOBAHHBIX 00pa3Iax NPH TeMIIEpaType
1100 °C B 1.17 pas, npu Temmeparype 1200 °C B 1.55 pa3, a 3HaueHHe ero IIMPUHEI HA
nonysbeicotre (FWHM) noutu He u3mensercsi(puc.la). 3To moka3bIBaeT, YTO MOCIE JETUPOBAHUS
KPEMHHUS POJEM MOTYT 00pa30BBIBATHCSI KOMITJIEKCHI € Ae(eKTaMu B KPEMHHH, YTO YMEHBIIAET
HEYIIPYrue MOTEPU PAaCCESHHOIO CBETA M YBEJIMYMBAET BBIXOJ| PACCESIHMS, YCHIMBAET CBSI3U B
CTPYKTYpE KPHCTAJUTMYECKON PEIIETKU KPEMHHS H3-3a BCTpOWKU atoMoB Rh.
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Kpome 3T0ro0, B paMaHOBCKHUX CIIEKTPaX JISTHPOBAHHBIX 00PA3IOB MOSBISETCS HOBBIN MUK
MaJoii WHTeHCMBHOCTH mpu 245 cml (puc.1b). O6GpasoBaHme 3TOro mHKa OOYCIOBICHO
BHEJIPEHHEM aTOMOB pOJUS B KPUCTALIMYECKYIO CTPYKTYPY KpeMHHS U (OPMUPOBAHUEM
cummnuaa poaust (RhSi) mocie BwicokoTemmneparypHoit muddysuun. H3BectHo, YTO ponmii
SBIISICTCS OJJTHOW M3 HEMHOTHX IPUMECEH TIepEXOIHBIX METALIOB B Si, 00pa3yommx MyTHOCTh Ha
nosepxHoctu Si [7]. IlpeanocsuikamMu 715l TAKOTO MOBEACHUS SBIISIOTCS BhICOKast AU Ppy3nonHas
CIOCOOHOCTh M pacTBOpUMOCTh BHenpenHoro Rh. 3akanka 00pa3ios, IerupoBaHHBIX POIUEM, OT
Temneparypsl 1upy3un 10 KOMHATHON TeMIepaTypbl IPUBOIUT K 00Pa30BaHHIO SJICKTPUIECKU
aKTHBHBIX LIEHTPOB POJIHSL.
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Au — Si0, — Si TUNNEL DIODI TUNNELLANISH EHTIMOLLIGINING
POTENSIAL TO‘SIQ BALANDLIGIGA BOG‘LIQLIGI

M.G. Dadamirzayev, M.O. Kosimova, A.K.G‘aniyeva.
Namangan muhandislik-qurilish instituti

Kvant mexanikasida tunnellanish ehtimolligi Wentzel-Kramers-Brillouin yaginlashuvi
yordamida hisoblanadi. Wentzel-Kramers-Brillouin usuli klassik jihatdan tagiglangan sohalarda
to‘lqin funksiyasining eksponensial kamayishini ifodalaydi[1]. Bunga ko’ra, tunnel ehtimolligi
quyidagicha aniglanadi:

T ~ e—zf;‘lz k(x)dx 1)

bu yerda x; va x, potensial to’siqning chegara nuqtalari, k(X) to‘lqin vektori:
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= V2m(Ux) — E )

h
Agar, potensial barier balandligi U(x) — E = q¢ ga teng bo‘lsa, integral quyidagicha
yoziladi

n T
(2) ni (1) ifodaga olib borib qo’ysak, Au — Si0, — Si tunnel diodi uchun tunnellanish
ehtimolligi uchun quyidagi ifodaga ega bo’lamiz.

_pq/Zmae @)

h

Xy d
f k(x)dx = f J2ma® ;. - VEmAP @A)
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(4) ifodadan ko’rinib turibdiki, Au — SiO, — Si tunnel diodlarining tunnellanish ehtimolligi
potensial to’siq balandligi va kengligiga hamda modda turiga bog’liq ekan.[1]
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[— a=104----- d=12.4 d=144 —-— d=16.4|

1-rasm. Tunnellanish ehtimolligining potensial to‘siq balandligiga bog’liqligi

Yugoridagi (4) ifodadan foydalanib Au — Si0, — Si tunnel diodlarining tunnellanish
ehtimoligini potensial to ‘siq kengligini turli qiymatlarida potensial to‘siq balandligiga
bog‘ligligini grafik orqali ifodaladik. Grafikdan ko‘rinib turibdiki, potensial to‘siq balandligi
oshgan sari tunnellanish ehtimolligi eksponensial kamayadi. Shuningdek, potensial to‘siq
kengligining ham tunnellanish ehtimolligiga ta’siri sezilarli darajada ekanligi namoyon bo‘ladi.
Katta potensial to‘siglarda elektronlarning tunnellanish ehtimolligi juda kichik bo‘lib qoladi, bu
esa tunnel diodlarning ishlash samaradorligiga ta’sir ko‘rsatadi. Tunnel diodlarining tunnellanish
xususiyatlari ularning mikroelektronika sohasidagi muhim o‘rnini belgilaydi. Tunnel diodlar
ultratezkor elektron qurilmalarda, past quvvat sarflaydigan mikrosxemalarda va yuqori chastotali
generatorlarda keng qo‘llaniladi[2].

Tunnel diodlarining ishlash samaradorligi potensial to‘siq balandligi va kengligiga bevosita
bog‘liq ekanligi aniglandi. Potensial to‘siq balandligi oshganda tunnellanish ehtimolligi keskin
kamaydi, bu esa tunnel diodlarining ishlash parametrlarini yaxshilashda muhim ahamiyatga
egaligini ko‘rsatadi. Bundan tashqari, potensial to‘siq kengligi ham tunnellanish ehtimolligiga
ta’sir gilishi aniglangan. To‘siq kengligi ortishi natijasida elektronlarning tunnellanish ehtimolligi
sezilarli darajada kamayadi, bu esa material tanlashda muhim omil hisoblanadi. Ushbu tadgigot
natijalari tunnel diodlarning samaradorligini oshirish va ularni turli xil mikroelektronika
qurilmalarida qo‘llash imkoniyatlarini kengaytirishga xizmat qiladi.
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3).

UCCJEIOBAHHUE PACCESHHUSA HOHOB CO CTYIIEHYATOM IMOBEPXHOCTH
JABYXKOMIIOHEHTHBIX MOHOKPUCTAJIJIOB

M.Kapumos!, M.Orataen!
YVpeenuckuii cocyoapcmeennuiil ynusepcumem, Ypeeny, Yzbexucman

OKCHEepUMEHTAJIHO U IIyTEM MOJEIMPOBAHUs 0OHAPYKEHO, TaK Ha3bIBAEMOE, PE30HAHCHOE
JI€KaHAIMPOBAaHUE HOHOB IPU IEPEXOJE U3 OCEBbIX B IIOCKOCTHBIE KaHaJIbl, COCTOSLIUE B
MHTCHCUBHON pacKadyke MONEPEeYHbIX KoJIeOaHUM KaHaJIMpPOBAaHHBIX HOHOB IPH COBIAJIEHUHU
nepuojia COOCTBEHHBIX KOJeOaHMH MOHOB B KaHallaX C BPEMEHEM IpOJIeTa MEXIy COCEIHHUMH
aTOMHBIMU LlenoYKaMHu. OTOT 3¢¢eKT OblI HCHONb30BaH Uil HM3MEPEHHs] MEKaTOMHBIX
HOTEHIIMAJIOB B TBEPABIX TEJIaX U JJIS OLEHKH BEJIMUYMHBI 3apsi/ia HOHOB B KpUCTAILIAX.

OO011eil 0COOEHHOCTBIO, XapaKTepHOW MPAKTUYECKH Ul BCEX CIEKTPOB, U3MEPEHHBIX B
YCIIOBHSAX OCEBOTO KaHAIMPOBAHMUS, SBISETCS HAJMYME MMUKOB B MPUIIOBEPXHOCTHOW OOJIACTH U
NOBBILIEHHE B HECKOJIBKO pa3 BbIXOJla PACCESIHUS IO CPAaBHEHHUIO C MUCXOJHBIM HEOOJyUYEHHBIM
kpuctaysioM. Ilpu uccrnenoBaHUM NMOBPEXKAECHUN CTPYKTYPhl KPUCTAJUIOB METOJOM paccesHus
HMOHOB PAacCMaTpUBAalOT B OCHOBHOM JBE IpyHIbl AePEeKTOB: Ne(eKThl OJIOKHPYIOIIEro TUIa
(ToueuHble e(EKThl, UX CKOIMJICHMS) U JePEeKThl MPOTSHKEHHOIO THUMA (JIUCIOKAIMU, JePeKThI
YIaKOBKM, MY3bIPbKM M T.JA.), KOTOpble MpPHU B3aUMOJCHCTBUU C AHATU3UPYIOUIMM ITyYKOM
BBI3bIBAIOT B OCHOBHOM JIEKAHAJIMPOBAHUE YaCTULl. YacTHIIbI, 3aXBaYECHHbIE B KaHAJl TOKUIAIOT
€ro 4epe3 HEKOTOPOE BPEMS, NP I€KaHAIMPOBAHNN YACTHULL.

WHTepec K M3Y4EHHIO TPACKTOPUM JI€KAHAJIMPOBAHHBIX YACTHUI] B HACTOSILEE BPEMEHH
BECbMa BEJIMK, TaK KaK IIPU U3YUYEHUU TPACKTOPUU MOXKHO MOIYYUTh HOAPOOHYIO0 HHPOPMAIIIO
00 SHEpPruM U MecTa MOJOKEHUS UOHA.

Hamu Gbuia vcciieJoBaHa TpaeKTOpHs JeKaHATMPOBaHHBIX HOHOB Ne* ipu 60MOapAupoBKu
crynenyaroi mnosepxHoctH INP(100)<110> c¢ nHauvanpHOW »3Hepruei Eo=5 k3B, npu yriue
CKONBXeHHs y=7°

[Tpu cxomnp3sieM NajeHUd MOHOB Ha OTKPHITOW YacTH ATOM MOBEPXHOCTU HaONIONAI0TCA
paccesiHisl HOHOB, YaCTh KOTOPBIX 3aXBaThIBAETCS B KAHAIU KOTOPBIM COCTOUT TOJBKO U3 aTOMOB
Ga u P. Crmexyer oTMeTHTh, YTO B ITOM cily4ae KaHaJ oOpa3yercss 3a CUYET MOHOATOMHBIX
CTYIIEHEK, KOTOpPBIE COCTOSAT U3 aTOMOB P.

Ha puc.] mpesncraBiena xapakTepHas TPaceKTOpHs JeKaHaaupoBaHHoro wona Ne' mpu
O6oMOapaupoBku cryneH4aroi moBepxaocta INP(100)<110> ¢ nauyanbHO# 3HEprueit Eo=5 k3B,
TIPH yTIle CKOMbKeHHs y=7°.

BunHo, 4To TpaekTopus JeKaHATMPOBAHHBIX YACTHUI] UMEET 3Ur3aroo0pa3Hyo TPaeKTOPHIO,
YTO 1a€T BO3MOKHOCTB CJIENIaTh BBIBOJ O MHOTOKPATHOM IOCJIEIOBATEIbHOM CTOJIKHOBEHUH HOHA
C aTOMaMU OJJHOT'O psJa.
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Hamm pacuérbl TOKasaim, 4YTO JeKaHAIMpoBaHHbIC HOHBI Ne*  umMmerorT crenyromime
napameTpsl: KO3(Q@QHUIMEHT CTOJIKHOBEHHs C aTOMHBIMHU LieroykamMu paBeH 60, yroi paccesHus
1OHA B KOHIIE CTOJIKHOBenus 0=85,42°, sneprus nekanamipoBanHoro nona E= 567 5B, neynpyrue
norepu sueprun E =1160 3B, ynpyrue notepu snepruu E =3273 3B, ninna npobera nona BHyTpu
KaHana paBHa Kk -247,04 A,

Crnenyer OTMETUTB, UTO YToJl pacCessHUs JeKaHAIMPOBAHHOIO HOHA 3aBUCUT OT IIapaMeTPOB
CTOJIKHOBEHHUS.

4.0

3,5 +

TTopsanok cioér

30 T T T T T T T T T T T
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d.A

Puc.1.XapakTepHasi TPaeKTOpPHUs 1eKAHAIUPOBAHHOT0 HOHA Ne* mpu
6oMOapaupoBKHu cryneH4yaToi nosepxHoctu INP(100)<110> ¢ HayaabHoii 3Hepruei Eo=5

K3B npu yrie ckoibxenus y=7° [217]

Takum 00pa3oM HcciIe0BaHbI MPOIECCHl paccesHUs MOHOB Net+ IpU MX CKOJb3AIIEM
naJIeHuH Ha MOBepXHOCT MoHokpuctamuia InP(100), umetromre aedekTsl B MpUMOBEPXHOCTHBIX
obmactsix. IlokazaHo, dYTO JeQeKTh, HAXOIAMIMECS B TPUIOBEPXHOCTHOH o0OJacTu
JABYXKOMITIOHCHTHBIX MOHOKPUCTAJIJIOB, CUJIBHO BJIMAIOT HAa IPOUECC PACCEAHNA NOHOB.

Hannune I[e(beKTOB ABJIACTCS OCHOBHBIM (1)aKTOp0M IMPOHUKHOBCHUIO MAJJAI0OIIUX YaCTHIL
Iy0e B KPUCTAUL. DTU YaCTUIIBI JIMOO OCTAIOTCSA B KPUCTAILIE, TUOO OTPAXKAIOTCS C TITyOOKHUX
aTOMHBIX cno€B. Ilpu oTpakeHMM HOHOB OT HH)KHUX CJIOEB MPUIIOBEPXHOCTHOW 001acTu
HaOJIOMAI0TCS  CIIOKHBIE TPAGKTOPUU HMOHOB, KOTOpBIE SBISIOTCA OCHOBOW OOBSICHEHUH
NPOIECCOB  KAaHAJIUPOBAHMS,  JCKAHAJUPOBAHWS,  HUMIUIAHTAlMKU W MHOTOKpaTHas
nepeOKyCUPOBKH.

AHaJ'II/ISI/IpOBaHI)I YIJIOBBIE W DHEPIETHYCCKUEC PACHPCACICHUA PAaCCCIHHBIX YacCTUIl C
}Ie(beKTHI)IX HOBerHOCTeﬁ JABYXKOMIIOHCHTHBIX MOHOKPHCTAJIJIOB. HOKaSaHO, YTO B OTJIMYHE OT
pacceiaHrsd NOHOB H}IeaﬂBHOﬁ IMOBEPXHOCTHIO, PACCCAHNUE NOHOB B JaAHHOM CJIy4dac MPOUCXOIUT
BII0Th g0 0<180°. YcTaHOBIEHO, YTO 06pa3OBaHMSA MHMKOB B HHM3KOPHEPreTHYECKOH dacTH
HHEPreTUYECKOro CIEKTpa PacCesHHBIX YaCTHUIl, OO0YCIOBIEHO JEKaHATHMPOBAHHBIMU HOHAMH,
OTpa’KeHHBIX ¢ OoJiee rITyOOKUX MPUITOBEPXHOCTHBIX CIIOEB KPUCTAJLIA.
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Takum obpazoM, aedekTbl, 00pa3oBaHHBIC HA OOMOAPAUPYEMOI TOBEPXHOCTH 3aBUCST OT
YCIIOBHI 3KCIIEPUMEHTA U CYIIECTBEHHO BIUSIOT HA TPACKTOPUH, SHEPIETUYECCKHUE M YIIIOBBIC
pacripeielieHUs] PaCCeSTHHBIX YaCTHII.

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 metal—dielectric-semiconductor (MDS) structures. The structures were prepared
by dry thermal oxidation of a silicon crystal (crystallographic orientation [101], KEF-5) at a
temperature of 800°C for 30 minutes. To form the MDS structure, aluminum was deposited onto
the Si0: surface (control electrode) and the semiconductor substrate (ohmic contact). The control
electrode surface area was 0.1 cm?. The prepared MDS structures were exposed to UV radiation
at a frequency of 3 GHz for 4 minutes using a 500 W power source. 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 darkness at a frequency
of 150 kHz and a temperature of -100°C, after the applied voltage to the structure was switched
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 energy levels localized in the volume of the
semiconductor substrate, performed using the applied method, it was determined that under the
given order of UV radiation exposure, the concentration of generation centers localized in the
volume of the semiconductor substrate 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 in
structures exposed to external influences, it was determined that the integral density of states near
the allowed band edges decreases, and its differential density distribution changes.

0 <o92<20f, @2~ 2¢¢
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Figure 2. Dependence of electron mobility speed on potential under the influence
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 treatment
(curve 2). The conducted studies suggest that comprehensive UV radiation treatment of silicon-
based MDS structures alters the surface state density, leading to a reduction in surface generation
current. A decrease in surface generation current results in an increase in photosensitivity.
Comparison with the results of the previous section shows that pressure and UV radiation
effects on structures composed of Si-glass and Si-silicon dioxide layers lead to a decrease in
surface state density and slow down the formation of the inversion layer charge in darkness.
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OCOBEHHOCTH JIEKTPHUYECKHUX CBOMCTB KPEMHUS C
HAHOKJIACTEPAMHU ATOMOB MAPT'AHIA U1 ®OTOIJIEMEHTOB

HI.H.Uboaynnaes, O.M.berumos, H.A. Aopyranues, /K.Y.lllyxparosuy, A.C. Kapumos
Tawrkenmckuu 2ocyoapcmeennviti mexnudeckuti ynusepcumem, 1000935, yn. Ynusepcumemckas
2, Tawxenm, Y3bexucman
E-mail: shakhboz.ibodullayev.92@inbox.ru

AHHOTanusa. Iloka3aHo, YTO KpEeMHUN C HAHOKJIACTEpaMH aTOMOB MapraHia P-THIIA
o0aaeT BBICOKOM NMpUMecHOH (HOTOMPOBOIUMOCTBIO B obnacti A=1,5 — 2 MkM. Onpenenensl
ONTUMAJIbHBIE AJIEKTPUUYECKHE IMapaMeTpbl MaTepuana, B KOTOPOM HaOII0JaeTcs aHOMalbHO
Oosbiast (OTOUYBCTBUTEIHLHOCTh, CPaBHUMas ¢ COOCTBEHHOM, B o0nacTu A=1,5 — 2 MxMm. Jlaxe
Py T0CTaTOYHO BRICOKUX Temrieparypax (T=300 K), marepuan obi1amgaet 70CTaTOUHOM BRICOKOU
(OTOUYBCTBUTENHLHOCTHIO B 007acTu A=1,7—1 MKM, TI03BOJISISl CO37]aTh BHICOKOUYBCTBHUTEIIbHBIC
(oTONPHUEMHUKH Ha €0 OCHOBE.

KuroueBble cjioBa: kpemHuil, Kiacmep mapeanya, homouyecmseumensbHoCcns

Kak u3BECTHO B COBPEMEHHBIX ONTOAIEKTPOHHBIX YCTPOMCTBAX M B CHCTEME BOJIOKOHHO-
ONTHYECKOH CBS3U UCTIONB3yeTcs HOTOMPUEMHIKH, paboTatoiiue B obnactu A=1,5 — 2 mkwm [1-2-
3]. B nacrosimee BpeMs Takue (pOTONPUEMHHKH M3TOTABIMBAIOTCS HAa OCHOBE I'€TEPOCTPYKTYD
A®B® [4-5-6]. Mcnomb3oBaHHe KpEeMHHS OCHOBHOTO MAaTepHaia SIeKTPOHHON TEXHHKM i
(GOTONPHUEMHHKOB B YKa3aHHOW 00JaCcTH CIIEKTpa HEBO3MOXKHO, M3-32 OCOOCHHOCTH CTPYKTYPHI
SHEPreTHYecKUX 30H 3Toro marepuana [/]. B nmanHoil paboTe mpuBOIATCS OpPUTHHAJIbHBIE
IKCMEPUMEHTATIBHBIE PE3YIIBTATHI TIO0 MCCIECIOBAHUIO (POTODTEKTPUIECCKIX CBOHCTB KPEMHHS C
HAHOKJIACTEPaMH aTOMOB MapraHIla, MO3BOJIIOIINE Pa3padoTaTh TOCTATOYHO YYBCTBUTEIHHBIE
dboronpueMHukH B oonactu A=1,5 — 2 Mxm.

Ycnosust 1udGy3MOHHOTO JIETHPOBAHUS BHIOUPATTUCH ¢ TAKMM 00pa30M, YTOOBI OITYYUTh
TocIie IErupoBaHus oOpasik! P-tuna [8-9] mpoomumoctn ¢ p=10°+10% Q-cm, Tak-kak B Takux
oOpasmax HaOIroaeTCsl camasi BRICOKast (POTOUYBCTBUTEIHHOCTD.

Huddy3us mapradia mpoBOIUIOCH U3 Ta30Bol a3kl mpu Temmepatype T=1075+1080 °C
-8 Teuenne 70-90 mmHYT ¢ mocnenyromuM peskuM oxyaxaeHuem|[10]. Ilocne muddyszun
MOBEPXHOCTh 00pa3loB MoaABeprajgach HEO0OXOAMMONW MEXaHUYECKON U XMMHYECKOW 00paboTKe
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JUTSL yAaJeHUs] HI3KOOMHOT'O TIOBEPXHOCTHOTO CJI0s. DJIEKTpUUECKre mapaMeTpbl 00pas3oB ObLTN

uccienoBanbl MeTogoM 3ddekra Xomna. OCHOBHBIE 3JIEKTPUUECKHE MMapaMmeTpbl 00paslioB

npejacTaBieHsl B Taour. 1.
1 Ta6auma. OCHOBHBIE JCKTPHUECKUE TTapaMeTPhl 00Pa3I[OB MPEACTABICHBI

Ne Y nensHoe Konuenrpanu | Ilonswxknocts | Ilonoxenue | Temneparypa
COIIPOTUBIIEHUE | 51 HOCUTEJEH u,cm?/V-c | yposust ®epmu | auddysun
p, Q-cm N, cm ™ F, eV Tai °C
1 5-10° 1,3-10% 96 0,36 1075
2 6,3-10° 1,78-108 55 0,35 1078
3 5,8:10* 1,6:10? 67 0,41 1081

CrnektpanbHasi 3aBUCUMOCTh (DOTONMPOBOIUMOCTH 0Opa3LIOB HCCIEIOBAINCH B 00JIACTH
A=1,5+2 Mkm. OOpa3iipl MOMEIAaINCh B CIEIUAIBHBIN KpHocTaT Ha ocHOBe yctaHoBku MKC-21.
Yro6sl 0obecHednTh OAMHAKOBYIO MOMHOCTh mamaromero MK wmsnyuenns (P=10° Br) B
HCCIIeTyeMOM Juarna3oHe JJIUH BOJH ObUIM MCIOJIb30BaHbl KANUOPOBAHHBIE CeTYaThie (PUIBTPHIL.
A 4TOoOBI yCTpaHUTH IOMaJlaHue KOPOTKOBOJHOBOTO (DOHOBOrO cBeTa Ha oOpasern ObLI
WCIIONIB30BaH (UJIBTP W3 IMOJMPOBAHHONH KPEMHHEBOHN IUTACTHHBI TOMIMMHOW 380 MKM mepen
okHOM KpuocTaTa. [Ipu aToM momnocTs UK u3nydeHnus Bo BceM MccIeayeMOM HHTEpBaie AJIUH
BoH Obuta 10 Br.

Ha pucynke 1 mnpezacraBiieHbl CIEKTpalbHbIE 3aBUCUMOCTH (DOTOTOKA B HHTEpBAJIE
A=1,5+2 MkM. OCOOEHHOCTH ATHX pE3yJIbTATOB 3aKIIOYAIOTCSI B TOM, YTO B HCCIEIyEeMOM
MHTEpBaJie CIeKTpa (POTOTOK UMEET HE TOJILKO OYEHb BHICOKOE 3HAUCHME, HE XapaKTepHOE IS
IpUMECHOH (HOTOTPOBOIMMOCTH, a NAJIbHEHIIee yBeTHUeHUEe dHepruu PoToHOB 10 hv=1 3B, He
IMPUBOJUT K 3aMETHOMY pocTy poToToka. J[a’ke CHATHE KpeMHUEBOTO (GUIbTPA U UCIIOJIb30BAHNE
COOCTBEHHOr0 TOTJIOUIEHHUS] HE MPUBOJAUT K POCTYy (OTOTOKA. DTO O3HAYAET, YTO B 0OJACTH
hv=0,65+0,78 3B o0pa3ell 061amaeT MPakKTUUECKH TAKOH ke POTOUYBCTBUTEIBHOCTHIO, KaK MPU
COOCTBEHHOM MOTJIOIIEHUH.

10°4
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1o/ |

T=83 K

o+ 129K
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183 K
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T T T T T T
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Puc. 1. CnexTpajibHble 3aBUCHMOCTH OTHOCUTEIbHOT0 H3MeHeHUs GOoTOTOKA NPHU
Pa3IHYHBIX TeMIlepaTypax.

KBanToBas 3((eKTUBHOCTH SIBJISIETCSI OIMH M3 OCHOBHBIX MapamMeTpoB (OTONMPUEMHHUKA.
KganToBas apdexruBHocts (QE) — pusnyeckas BennunHa, paBHasi OTHOLICHUIO YMCIIA HOCHTEICH
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3apsiaa (Np) 0Opa3oBaHHBIX MPU OCBEIIEHUH 00pasiia, K 00IeMy YHCITy MOTJIOIIEHHBIX (POTOHOB
(Npn).

Tak xak TouHOe 3HaueHUe Kod(duumeHTa ycuneHus: GOTONPUEMHUKA HEU3BECTHO, TO
KBAHTOBBIH BBIXO/I BEIUMCISIICS OTHOCHTEIFHO KBAHTOBOTO BBIX0/1a COOCTBEHHOTO (hoTOd(deKTa,
C WCIONBh30BAaHUEM TOKOBOW YYBCTBUTEIbHOCTH. Ha puc. 2 mpeacraBieHa pacdeTHas
3aBucuMocth QE doTtonpueMHrka oT ATUHBI BOJHBI TaAa0muX (oToHOB. KBaHTOBEIN BBIXO/ B
00J1acTH COOCTBEHHOTO MOTJIOLIEHUS CYUTANICS paBHBIM 25%.

Kak BumHO W3 pucyHka 2 pa3paboTaHHBIA (OTOMPUEMHUK HAa OCHOBE KPEMHHS C
HaHOKJIACTEpaMH aTOMOB MapraHila o0ecreyrBarT KBaHTOBYIO dddekruBHOCTh QE mopsaka
~25% no nunel BOAHBI 1,5 M 1 okouto 2 % Ha AuHe BOJTHBI 2 M. DTO MO3BOJISIET HCIIOIB30BATh
MPUMECHYIO YYBCTBUTEIBHOCTh KPEMHHsSI ¢ HAHOKJIACTEpaMU aTOMOB Maprasia JUis CO3JaHHs
BBICOKOPA3PEIIAIONINX MATPUYHBIX (POTONPUEMHHUKOB HA OCHOBE KPEMHHUS B TUAa30HE 10 2 M.
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Taxas anHomManbHO BeICOKas MpuMecHasi OTOYYBCTBUTEIbHOCTD ITO3BOJISIET UCIIOIB30BATh
KPEMHHI C HAHOKJIACTEpaMHM MapraHia IpU CO3JaHUM 4yBCTBUTEIbHBIX MK-ppeMHHKOB B

obmactu A=1,5+2 MKM.
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Bi2(BV")3 VA Sba(BV')s, (BV'-Se, Te) ASOSIDAGI BIRIKMALARNING TUZILISHI

K.l.G*aynazarova
Farg ona davlat universiteti

So‘ngi yillarda fan va texnikaning keng rivojlanishi natijasida yarimo‘tkazgich materiallarga
bo‘lgan talab, elektr energetikaning texnologiyalar bo‘yicha kelajakda elektr ta’minotida
qilinadigan ishlarni keng ko‘lamini ochib bermoqda. Ular asosida yarimo‘tkazgich asboblar,
energiya o‘zgartirgich asboblar, avtonom tok manbalari termobatareyalari, kompyuter- texnikasi
kabi asboblarda keng qo‘llanilmoqda. Bularning hammasi termoelektrik materiallarini olish
texnologiyasi turlicha usullarda amalga oshirilsa, bu usullarda olingan materiallarning
xarakteristkalari ham turlicha bo‘ladi.

Shunga ko‘ra termoelektrik material olish usullarning o°ziga xos yutuq va kamchiliklari

mavjud. Shuning uchun inert gaz bosimi ostida Bi,Te, — Sbh,Te, termoelektrik materialini olishni

ko‘rib o‘tamiz. Ma’lumki qotishmaga kiruvchi moddalar turli zavodlarda ishlab chiqiladi, ularning
tozalik darajasi ham turlicha bo‘ladi. Bunday moddalardan olingan qotishmalar ayrim vaqtlarda
talab darajasidagi xarakteristikani bermaydi. n-tipli materiallar uchun vismut telluridi va vismut
selenidning termoe.yu.k. koeffitsienti va elektr o‘tkazuvchanligi sezilarli darajada farg qilishi
mumkinligi sabab, gotishma tarkibi kata ahamiytga ega hisoblanadi. n-tipli vismut telluridi va
vismut selenid gotishmasi termoelektrik parametrlari p-tipli materiallar kabi emas. Bunga sabab,
gotishma tarkibi murakkab kristall panjaraga 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].

BizTes—xSex kristall strukturasi X — Bi — X@ — Bi — X ning beshta gatlamlaridan iborat
bo‘lib, bunda X Te yoki Se ni ifodalaydi va qavs ichidagi son ikki vismut orasidagi belgini
bildiradi. X® o‘mini Se egallaydi va qotishma BizTe,Se tarkibida tartiblangan birikma hosil
giladi.
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Vismut telluridi, vismut selenidi tetradimit kristalli tuzilishga ega.
X® - Bi - X®@ - Bj - X®

Bu yerda gavs ichidagi ragam ikkita xalkogen (X) joylarini bildiradi. X® halkogen atomlari
uchta Bi atomi bilan kovalent bog'langan va boshga uchta XY atomlari bilan zaifroq Van der
Waals kuchlari bilan bog'langan. Vismut atomlari halkogen atomlari tomonidan oktaedral, X®
atomlari esa Bi tomonidan oktaedraldir.

Bi- X® bog‘lanish kovalent bog‘lanish, Bi- X? bog‘lanish esa ionli bog‘langan. Har bir
xalkogenning bog'lanishdagi farqi kristall panjaraning elektr va issiglik xususiyatlariga sezilarli
ta'sir ko'rsatadi.

1-rasm. Bi2Te2Se kristall tuzilishi.

Bu o°ziga hoslik Bi>Tes da tartibga solingan birikma hosil bo‘lishiga olib keladi, u gotishma
paytida xalkogen joyi o‘zgaradigan chegara nuqtasi bo‘lib xizmat qgiladi.

BizTezSe kristall tuzilishi olimlarimiz tomonidan juda ko‘p o‘rganilgan. Lekin, 300 ° C ga
yagin haroratlarda faza x = 0,5 va x = 1,4 ga yaqin birikmalarga ega bo'lgan ikkita birikmaga
bo'linadi.

n-tipli BixTes—«Sex qotishma tizimini shundan ham murakkab kristall tuzilishga ega
ekanligini bilish mumkin.

Qotishmada vismut miqdorini ortishi bilan uning kristall tuzilishi o‘zgarib borishi kuzatiladi.
Qachonki, n-tip va p- tipga asoslanadi. Olingan materialning xizmatiga bog'liq holda tellurid
vismut asosida turli uslublar bilan ikkilik, uchlik va murakkab birikmalarni olish mumkin. Bu
vaqtda ularning barcha parametrlariga ta’sir qiladi. quyidagi sharoitlarga amal qilish zarur: tigel
materiali erishini gayt etmaslik kerak: u oksidlanishdan saglanishi zarur; tushib golgan begona
atomlar tigel devorini ho‘llamasligi kerak.
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YASSI KONDENSATOR MISOLIDA DIELEKTRIK MATERIALLARNING
ELEKTR MAYDONGA TA’SIRI.

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

Elektr maydon qo’yilgandagi ta’sirga material ta’siri xarakterini yassi kondensator
misolida osongina tasavvur etish mumkin.Shunday kondensatorni vakuumda d masofada
joylashgan plastinalariga o‘zgarmas potensiallar farqi qo’yilgan bo’lsin. Chekkalaridagi
effektlarni hisobga olmay aytish mumkinki, E-elektr maydoni plastinalar orasida bir jinsli vakE =

% kattalikka teng. Aytish kerakki elektr maydoni faqat katalikka emas, balki yo’nalishga ham ega,

shuning uchun E belgilash bilan uni to’la vektor kattalik deb ataymiz. Uning komponentlari Ey,
E,, E,. Ko’rilayotgan xolda maydon plastinaga perpendikulyar yo’nalgan va Kulon gonuniga
ko’ra plastinalardagi zaryadlar +Q va —Q zichligi maydonga tog’ri proporsional ya’ni Q = &,E. &,
- vakuumda dielektrik kirituvchanlik deyiladi. £,=8,85-10"'? F/m. Kondensator sig’imi vakuumda

birlik yuzasiga Co zaryad zichligini qo’yilgan kuchlanishga nisbatiga teng. Cy = %

+8 - HQ+P) —(Q+FP)

&

]
+ + + +

o+ o

1-rasm. Yassi kondensator plastinalaridagi zaryadlarni (a) vakuum xolida va (b)
dielektrik borligida.

Endi plastinalari orasida bizni gizigtirgan material bo’lgan xolni ko’ramiz 1-rasm (b).
Qo’yilgan kuchlanish ta’siri ostida materialdagi zaryadlar (elektron va pratonlar) qayta
tagsimlanadi. Chunki musbat zaryadlar manfiy elektrodaga tortiladi va manfiylar aksincha
musbatga. Bu hodisaga materialni qutblanishi deyiladi. Agar material izotrop bo’lsa elektr maydon
ta’siri har bir elementar dV hajmda PdV dipole momentni yuzaga keltiradi va ular maydonga
parallel yo’nalganlar. Qutblanish P shunday qilib xuddi vektor kattalik kabi aniqlanadi va u tashqi
maydonni materialda yuzaga keltirgan yo’nalishga ega elektr momentini ifodalaydi. Qutblangan
materialni har bir hajm elementi elektr nuqtai nazaridan ikkita +q va —q zaryadni [ masofada
maydon bo’ylab turganini va QI = PdV dipol moment momentga egaligini anglatadi. Bu dipollar
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magnetiklarga o’xshab yig’iladi va elektrodga yaqin sirtga +P va —P zichlik bilan zaryadlar yuzaga
keladi. Grin teoremasidan foydalanib, materialda bir jinsli qutblanish P evaziga yuzaga kelgan
maydon chegara sirtga tagsimlangan P, zaryad mavjudligida hosil bo’lgan maydonga ekvivalent
ekanini qat’iy ko’rsatish mumkin. Bu yerda Pn sirtdagi qutblanishni  normal
komponenetasi.Qutblanish mavjudligi, yoki bog’langan zaryadlar bildiradiki, kondensator
elektrodlariga katta zaryad zaxiralash mumkin.shunday qilib tizim saig’imi ortadi. Bu sig’imni
vakuumdagi sig’imga nisbati materialga bog’liq bo’lib u unga qutblanish Kkiritilishi bilan
aniqlanadi. Bu nisbat qo’yilgan kuchlanishga bog’liq bo’Imaydi va 0’z navbatida elektr maydonga
ham uni materialni dielektrik doimiysi deyiladi. Vektor belgilashdan foydalanib quyidagicha
olamiz.

1+I3 1+
= e X
&k

P

+

&E

=)

E =

i

Bu yerda y = P/eof elektrik gabul giluvchilik deyiladi.eoeﬁkattalik materialni siljishi D
deyiladi. U quyidagicha aniglanadi.

D = eoeﬁ = soeﬁ + P.

Bu elektr maydonni asosiy tenglamasi bo’lib, izotrop muhitning ixtiyoriy nugtasida
bajariladi. eyekattalik materialning absolyut dielektrik Kirituvchanligi deyiladi. Yugoridagi
dieelktrik doimiy kirituvchanlik & deb atash kerak (vakuumdagi dielektrik Kirituvchanlikka
nisbatan).Keyinchalik doimo shu terminni qo’llaymiz. Elektr siljish oqimi ozod zaryadlarda
boshlanib ularda tugaydi va xatto ikki muhit chegarasida ham uzliksizligi saglanadi. Elektr
maydon esa aksincha, ikki muhit chegarasida ulardagi qutblanishlar farq gilgani uchun uzilishga
uchraydi.Qutblanishni molekulyar darajada qarab aytish mumkinki tashqi elektr maydon ta’siri
har bir alohida molekulada 7 elektr dipolni indutsirlashdan iborat bo’lib, elektr maydonni E’
mahalliy kuchlanganligiga bog’liq bo’ladi. m = aE'. a—proporsionallik  koefitsiyentini
molekulani qutblanuvchanligi deyiladi. Izotrop molekulalar uchun shu bilan birga inert gazlar ning
bir atomli molekulalari uchun ham indutsirlangan dipollar yo’nalishi o’rtacha xolda tashqi maydon
yo’nalishi bilan mos keladi.

HR+P) —(Q+P)

+ + + +

o+

(Chunki lokal maydon, keyinchalik ko’rib o’tadiganimizdek, tashqi to’la maydonga to’g’ri
proporsional m = const.E:). Birlik hajmni to’la dipol moment qutblanishi birlik hajmdagi
nomolekulalar soniga bog’liq P= N, aE .

Ko’p xollarda molekulalar anizatrop va ularning qutblanuvchanligi tashqi maydon
yo’nalishiga bog’ligligi uchun indutsirlangan dipol yo’nalishi tashqi maydon yo’nalishi bilan mos
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 all
three dimensions, leading to quantized energy levels that are size-dependent. These semiconductor
qguantum dots exhibit unique electronic properties, making them important for various
technological applications, including optoelectronics and nanophotonics.

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

A quantum dot has to be small enough such that the separation between its energy levels
exceeds kT — otherwise the discreteness of the energy levels is smeared out as the thermal energy
would be sufficient to excite the electrons to higher energy levels. At room temperature (300 K)
kT = 26meV. As a rule of thumb, the separation between the energy levels should be 3 kT. The

spacing between the energy levels, AE, varies as le Calculations show, for example, that for InAs

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

The lower 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 semiconductors in
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 that
in a quantum dot the separation between the energy levels is smaller than that in the atoms;
moreover, this separation depends on the size of the quantum dot,the smaller quantum dots having
a larger separation between the energy levels.
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Figure. 1 compares the E vs. k dispersion relations for a bulk and a quantum dot. In the bulk
solid, the points are so closely space the E vs. k curve that the curve is quasicontinuous. In the
quantum dot. there are discrete and well separated energy levels, with the lowest energy (the zero
point energy) being different 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 and
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 on
the parabola. The band gap for the quantum dot is larger than that for the bulk.

The band gap for the quantum 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
hZ
Econf = m * 2
where m* is called the reduced mass of the exciton and is related to the masses of the electron
and the hole by the relati on

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 electron and is given by .
1.8e?

B 2meegl

Ecour =

The expression for the band gap of a
quantum dot can then be written as

E

h? 1.8e?
g(dot) = Eg(bulk) + Econf+Ecoulomb = Eg(bulk) + 2mxl2 2meegl

Because of the inverse 12 dependence, the positive term is dominant at low values of [ and

the band gap increases as the size of the dot decreases.
The band gap of semiconductor quantum dots can be estimated from their absorption spectra.
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The energy levels in quantum dots are quantized, with the separation between these levels
becoming smaller as the size of the quantum dot increases. This size-dependent behavior
significantly influences the electronic properties of quantum dots. The band gap of a quantum dot
is determined by the bulk band gap, confinement energy, and Coulombic interactions between
electrons and holes. As the quantum dot size decreases, the band gap increases, emphasizing the
importance of precise size control for quantum dot applications.
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YANGI AVLOD YARIMO‘TKAZGICHLARI- PEROVSKITLAR, ULARNING
XUSUSIYATLARI VA TEXNOLOGIK IMKONIYATLARI

N. G‘.Ibragimova?, R. X.Ibragimov!, N. Y.Sharibayev?
!Namangan davlat universiteti;
“Namangan davlat texnika universiteti professori
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Yarimo‘tkazgich materiallar zamonaviy elektronika sohasida asosiy tarkibiy qismlardan
hisoblanadi. So‘ngi yillarda dunyoning nufuzli ilmiy markazlarida chuqur tadqgiq gilinayotgan
mavzulardan biri-perovskit materiallari, ularning xususiyatlari, foydali va kamchilik tomonlari
bo‘lmoqda, chunki bu materiallar quyosh elementlari, yorug‘lik chigaruvchi diodlar (LED),
lazerlar, fotodetektor va tranzistorlar kabi turli qurilmalarda istigbolli variant bo‘lishi kutilmogqda.

Perovskitlarning asosiy xususiyatlari. Perovskitlar ABXs umumiy formulaga ega bo‘lib,
bunda A-organik yoki noorganik kation (Cs*, CHsNHs* (MA)); B-metal kation (Pb?*, Sn?* ); X-
galogen anion (I, Br,CI")

Perovskit yarimo‘tkazgichlarning taqiq zonasi qiymati 1,2 eV- 3,2 eV oralig‘ida bo‘lishi
mumkin. Harorat va tashqi ta’sirlar taqiqlangan zona kengligini o‘zgartishi mumkin. Masalan,
CsSnls perovkiti harorat oshishi bilan tagiglangan zona oshishi kuzatilgan kam sonli
materiallardan biri bo‘lib, bu uni issiqlikka chidamli sensorlar uchun istigbolli variantga
aylantiradi.

Perovskitlarning barqarorligi va ekologik muammolari. Ushbu materiallar yuqori yorug‘lik
yutish koeffitsiyenti, tagiqlangan zonaning sozlanishi va ishlab chigarishdagi arzonligi bilan
ajralib turadi. Aynigsa CsSnlz kabi qo‘rg‘oshinsiz perovskitlar ekologik jihatdan xavfsiz bo‘lishi
va yuqori samaradorlik ko‘rsatkichi bilan ahamiyat kasb etadi. CsSnlz perovskit yarimo‘tkazgich
sifatida keng o‘rganilgan, xususan, birikmaning mexanik, elektron, optik, termodinamik va
termoelektrik xususiyatlari birlamchi printsiplar asosida o‘rganilgan. Natijalar CsSnls ning
to‘g‘ridan-to‘g‘ri tagiqlangan zonaga ega yarimo‘tkazgich ekanligini ko‘rsatadi[1]. CsSnls ning
elektron tuzilishi va optik xususiyatlari zichlik funksional nazariyasi (DFT) yordamida
hisoblangan. Hisoblashlar CsSnls ning yarimo‘tkazgich xatti-harakatini tasdiqlaydi[2]. CsSnls
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perovskitining fotoelektrik xususiyatlari, jumladan, ideal tagiglangan zona, uzoq tashuvchilar umr
ko‘rish muddati va yuqori yutilish koeffitsienti kabi xususiyatlari muhokama qilingan[3]. Yurorida
keltirilgan ma’lumotlar CsSnls perovskitining yarimo‘tkazgich sifatidagi xususiyatlarini ilmiy
asosda tasdiglaydi.

CsSnl: (seziy galay yodid) o‘zining yarimo‘tkazgichlik xususiyatlari bilan perovskit
materiallar orasida alohida o‘ringa ega. Uning ahamiyati quyidagi jihatlarda ko‘rinadi:

Qo‘rg‘oshinsiz perovskit: Ko‘pgina perovskit materiallari (masalan, CHsNHsPbls) tarkibida
toksik qo‘rg‘oshin bo‘lib, bu atrof-muhit va sog‘liq uchun xavf tug‘diradi. CsSnl; esa
go‘rg‘oshinsiz bo‘lib, ekologik xavfsizroq alternativ hisoblanadi.

Tor tagiqlangan zona (band gap): CsSnls nisbatan kichik tagiglangan zonaga (taxminan 1.3
eV atrofida) ega bo‘lib, bu uni samarali optoelektron material sifatida ishlatishga imkon beradi.
Bu giymat quyosh nuri spektriga mos kelib, fotovoltaik ilovalarda foydali bo‘lishi mumkin.

Yaxshi elektr o‘tkazuvchanlik: Sn(ll) tarkibidagi valent elektronlar yugori harakatchanlikka
ega bo‘lib, bu materialning elektr o‘tkazuvchanligini oshiradi. Bu xususiyat CsSnls ni
termoelektrik, diod va tranzistor qurilmalari uchun ham istigbolli giladi.

Fotovoltaik xususiyatlar: CsSnls quyosh panellari uchun istigbolli materiallardan biri
hisoblanadi, chunki u yorug‘likni yaxshi yutadi va yuqori quvvatli energiya hosil gilishga yordam
beradi. Ayniqsa, uni qo‘rg‘oshinsiz perovskit quyosh batareyalarida almashtirish material sifatida
ishlatish mumkin.

Barqarorlik va strukturaviy moslashuvchanlik: Garchi Sn(ll) oson oksidlanib, Sn(IV) ga
o‘tib ketsa-da, strukturaning moslashuvchanligi va qo‘shimcha stabilizatsiya usullari yordamida
uning bargarorligini oshirish mumkin.

Tagiglangan  Zona va uning haroratga bog‘ligligi.  Ko‘pchilik  an’anaviy
yarimo ‘tkazgichlarda (Si, GaAs, InP) band gap harorat oshishi bilan kamayadi. Sabablari:

Elektron-fonon o‘zaro ta’siri — elektronlar energiyasi pasayadi. Kristall panjaraning
kengayishi — valent va o‘tish zonalari orasidagi masofa qisqaradi. CsSnls perovskiti uchun 9 K
dan 300 K gacha bo‘lgan harorat oralig‘ida tagiqlangan zona kengligi 0.35 meV/K tezlikda
oshadi[4]. Bu hodisaning sabablari elektron-fonon o‘zaro ta’siri past, issiqlik kengayishi asosiy
rol o‘ynaydi, natijada bu odatiy yarimo‘tkazgichlardan farqli bo‘lib, yangi fizik modellar talab
giladi.

Texnologik imkoniyatlari. Texnologik afzalliklarini sifatida quyidagilarni keltirishimiz
mumkin. An’anaviy quyosh panellarida issiqlik oshishi bilan samaradorlik pasayadi.

CsSnl; harorat ta’sirida barqaror bo‘lgani uchun istigbolli variant, rangni boshqarish
mumbkinligi perovskit LEDIarni samaraliroq qiladi. CsPbBrs; va CsPbCls kabi perovskitlar yashil
va ko‘k LEDIar uchun juda foydali. NIR diapazonida ishlovchi optik detektorlar uchun band gap
1.3 eV bo‘lgan materiallar talab etiladi. CsSnls ushbu talabga mos keladi, bu esa issiqlikka
chidamli fotodiodlar yaratish imkonini beradi.

Perovskit yarimo‘tkazgichlar o‘zining moslashuvchan elektron tuzilishi, haroratga bog‘liq
o‘ziga xos xususiyatlari va yuqori samaradorligi bilan kelajak texnologiyalarida muhim o‘rin
egallaydi. Ularning tagiglangan zonasi kengligining nazorat gilinishi optoelektronik qurilmalar
ishlab chigarishda yangi imkoniyatlar yaratadi. Kelajak tadqiqotlari bargarorlikni oshirish,
ekologik xavfsiz materiallarni ishlab chigish va yuqori samarali perovskit texnologiyalarini
takomillashtirish yo‘nalishlarida davom etishi kerak.
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KRISTALL YARIMO'TKAZGICHLAR YORUG'LIK YUTISH
KOEFFITSIENTIGA HARORATNI TA’SIRI

H. Qo‘chqorov, X.VVoxobjonova
Namangan davlat universiteti

Kristall yarimo'tkazgichlar elektron qurilmalarning asosiy materiallaridan biri hisoblanadi.
Ularning optik va elektr xususiyatlari ko'plab parametrlar, jumladan harorat bilan o'zgaradi.
Yorug'lik yutish koeffitsienti (o) va harorat (T) o'rtasidagi bog'liglikni tushunish zamonaviy
texnologiyalarda, masalan, quyosh batareyalari, LEDIlar va detektorlarni samarali loyihalash
uchun muhim ahamiyatga ega [2,3].

Kristall yarimo'tkazgichlarning yorug'lik yutish koeffitsienti kristall haroratiga quyidagi
asosiy jihatlar orgali bog'lig: Tagiglangan soha kengligi Ej torayishi, ya’ni harorat oshgani sari
kristall panjaradagi atomlarning tebranish amplitudasi ortadi. Bu esa atomlararo masofaning
o'zgarishiga olib kelib, energiya zonalarining joylashuviga ta'sir giladi. Natijada yorug'lik yutish
chegarasi uzoqgroq to'lgin uzunliklariga (ya'ni, kam energiyali fotonlarga) siljiydi [4]. Masalan,
kremniy (Si) yarimo'tkazgichida harorat oshishi bilan E, kamayishi kuzatiladi, bu esa uning
infraqizil spektrda yorug'lik yutish qobiliyatini oshiradi.

Harorat o’zgarishi zaryad tashuvchilar konsentratsiyasining o’zgarishiga ham sabab bo’ladi.
Harorat oshganda yarimo'tkazgich ichidagi erkin elektronlar va teshiklar konsentratsiyasi oshadi.
Natijada yorug'likning yutilish jarayoni kuchayadi, chunki ko'proq fotonlar energiyasi erkin
tashuvchilarni go'zg'atishi mumkin va yorug'lik yutish koeffitsienti a yuqgori haroratda sezilarli
oshadi [5]. Baoshga tomondan, yugori haroratda tebranishlarning kuchayishi yorug'lik yutilish
samaradorligini pasaytirishi mumkin, chunki issiglik tebranishlari fotonlar bilan atomlarning
o'zaro ta'sirini "buzib qgo'yadi”. Bu hodisa ba'zan yorug'lik yutilishining pasayishiga ham olib
keladi.

Awvalo tagiglangan soha kengli E; ni T haroratga bog’ligini ko’rib chigaylik. E,(T) uchun

ko’proq aniqlikka ega bo’lgan quyidagi ikki olimning ilmiy tadqiqotlari mavjud.
1

fm == (1 EED G0 ) - ®
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. T2
Ey(T) = Eyo - (Z - T) @

Misol tarigasida Si kremniy uchun bu ikki formulani taqqoslasak bizga ko’proq (2) Yuriy
Varshniy formulasi aniqroq natija berayotganini qiyudagi grafikdan bilib olsak bo’ladi.
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Tagqiglangan soha kengli E; ni T haroratga bog ligi: yashil chizig 1-formula,
gizil chizig 2-formulani ifodalaydi

2
demak Si uchun E,(T) = Ezo — (Z%) formula ko’proq aniqlikga ega [1]. Bu yerda

E,(T) — tagiglangan soha kengli (eV); E,4o — harorat nolga teng bo'lgandagi tagiglangan soha
kengli (eV); @ — Si uchun haroratga bog‘liq koeffitsient (eV/K); f — Si uchun doimiy (K); T —
harorat (K).

Yorug‘lik yutish koeffitsienti a haroratga quyidagicha bog’langan:

n
a(hv) = A- (hv — E,(T)) 3)
bu yerda a(hv)- yorug‘lik yutish koeffitsienti; hv- fotonning energiyasi (eV); A- Si kremniy
uchun proporsionallik koeffitsienti; n- yorug‘lik yutilish mexanizmiga bog‘liq indeks (n=1/2
ruxsat etilgan to‘g‘ridan-to‘g‘ri o'tishlar uchun, n=2 ruxsat etilmagan o'tishlar uchun) [6].

(2) formulani (3) ga qo’ysak yorg’lik yutish kaeffitsienti uchun harorat o’zgarganda taqiq
soha o’zgarishini inobatga oluvchi yangi formula kelib chiqadi.

2 n
a(hv) = A (hv — Ego + <[;{TTT)> 4)

(4) dan foydalanib Si kremniy uchun yorug’lik yutish koeffitsienti va taqiq soha kengligini
haroratga bog’liglik grafiklarini olish mumkin. Kremniy (Si) materialida Eg=1.17 €V, 0=4.73-10°
*eV/K P=636 K. Materialga tushayotgan yorug’lik fotoni energiyasi hv Kremniy tagiq soha
kengligi Eg dan yuqori bo’lishi kerak, bo’lmasa yorug’lik yutilmaydi. Grafik chizayotganda foton
energiyasi giymati sifatida 1.5 eV olindi.
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Energiyaning Haroratga Bog'ligligi (E4(T))
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Kremniy (Si) uchun taqiq soha kengligi (Eg) va yorug‘lik yutish koeffitsienti (o)
ning haroratga bog‘liqligi

Grafikda ko'rinib turibdiki, harorat oshgani sari E,(T) pasayadi. Bu tagiq sohaning
torayishini ifodalaydi. Foton energiyasi (hv=1.5eV) bilan taqqoslanganda, ma'lum bir
haroratgacha fotonlar energiyasi materialni qo'zg‘atishga qodir bo'ladi. Past haroratlarda E,>hv
shuning uchun o(T) nolga teng bo'ladi. Bunda fotonlar material tomonidan yutilmaydi. Harorat
oshgani sari Eg torayadi va hv giymatiga teng yoki kichik bo'lganida yorug'lik yutilishi boshlanadi
(o(T) sezilarli darajada oshadi). Juda yuqori haroratlarda (T>600K) ba'zi cheklovlar tufayli
yorug'lik yutish koeffitsienti pasayadi.

Kristall yarimo'tkazgichlarning yorug'lik yutish koeffitsienti harorat bilan sezilarli darajada
bog'lig. Energiyaning haroratga bog'ligligi, aynigsa, yuqori haroratlarda materialning optik
xususiyatlarini aniglaydi. Ushbu bog'liglikni tushunish va nazorat qilish zamonaviy
texnologiyalarda materiallarning samaradorligini oshirish uchun muhimdir
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VISMUT VA SURMA XALKOGENIDLARI ASOSIDAGI YUPQA PARDALI
ELEMENTLARNING SOLISHTIRMA QARSHILIGINI TEMPERATURAGA
BOG*‘LIQLIGINI TO’RT ZONDLI USULI BILAN O‘RGANISH

B. U.Omonov
Farg ‘ona davlat universiteti, tayanch doktoranti
omonovbunyodjon.1994@gmail.com

Zamonaviy elektronika va optoelektronika sohalarida yupga pardali yarimo‘tkazgich
materiallar katta ahamiyat kasb etadi. Xususan, Vismut (Bi) va Surma (Sb) xalkogenidlari
asosidagi materiallar termoelektrik va optik xususiyatlari bilan ajralib turadi. Bi>Tes yoki Sh,Tes
singari birikmalar past haroratlarda yuqori termoelektr kuch paydo qilish xususiyatiga ega bo‘lib,
ular turli sezgir datchiklarda, termoelektr generatorlarda va sovitish qurilmalarida keng
go‘llaniladi [1,2].

Ushbu magolaning magsadi — Vismut (Bi) va Surma (Sh) xalkogenidlari asosidagi yupga
parda elementlarning elektr xususiyatlarini, xususan, solishtirma garshilikning temperaturaga
bog‘ligligini tajribaviy va nazariy jihatdan tahlil qilish.[3]

To‘rt zondli usul bir tomoni yassi tekis sirt bilan chegaralangan yarim cheksiz namunaning
sirtiga bir chiziqda joylashgan to‘rtta uchi ingichkalashtirilgan metall elektrodlar (zondlar)
joylashtirilgan. Ikki chetki zonddan tok o‘tkaziladi va ikki o‘rta zondlardan kuchlanish (zondlar
orasidagi potensiallar ayirmasi) o‘Ichanadi. Bu ikki kattalik — tok va kuchlanish orgali solishtirma
garshilik aniglanadi. Usul nazariyasi Valdes tomonidan 1954-yilda yaratilgan bo‘lib,
yarimo‘tkazgich va zondni kichik yuzasi bilan kontaktlashgan nuqtasidan tokning
yarimo ‘tkazgichda tarqalishiga asoslangan[1].

Tomonlari ava b bo‘lgan to‘g‘ri to‘rtburchakli yupqga (d<<S) namunada zondlar katta tomoni
(a) ga parallel chiziqda joylashgan bo‘lsa, solishtirma sirt qarshiligi

Uy a b 1)
=71 (53)
formula bilan hisoblanadi.
Tuzatish funksiyasi f(a/b,b/S) (b/S) ning kichik giymatlarida

Pn

S )
f(a/b;b/S) 3 ~ f(a/b) = 1
Shuning uchun (1) ni quyidagicha ifodalaymiz:
pn="2 3 fla/b) ~ 723 )

Bundan solishtarma sirt garshiligining tagribiy giymatini aniglash mumkin. Tuzatish
funksiyalarining f(a/b,b/S), f (a/b) son giymatlari jadvallarda keltirilgan. Agar namunaning
o‘lchamlari (eni, bo‘yi, qalinligi to‘g‘ri to‘rtburchak shaklidagi va qalinligi d, namunalarda)
zondlar orasidagi masofa tartibida bo‘lsa, unda ikki tuzatish funksiyalarini f(d/S) va f(a/b,b /S)
hisobga olgan holda p aniglanadi. Namuna to‘rtburchak shaklida bo‘lganda esa

Uy md d a (4)
=1tz 1 (5) 7 Gros)
ko‘rinishni oladi.
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Solishtirma garshilikning temperaturaga bog‘ligligi bilan bog‘langan muntazam xatoliklarni
yo‘qotish uchun o‘Ichov vaqtida temperatura nazorat qilib boriladi. T — temperaturada solishtirma
garshilik p(T) ni bilgan holda shartli belgilangan To — temperaturaga mos keladigan giymatga

p(T)= p(To) [1-C(T-To)]
()

formula orgali keltiriladi. Bu yerda: Ct— solishtirma garshilikning temperatura (termik)

koeffitsienti bo‘lib, u yarimo‘tkazgichlarning turiga, kirishmalarning tabiatiga va
konsentratsiyalariga bog*liq.

Quyida bizning to‘g‘ri to‘rtburchak shaklidagi yupqa pardaning parametrlari keltirilgan: a =
2 sm (yupga pardaning uzun tomoni), b = 0,1 sm (yupga pardaning eni), d = 1 mkm = 1x10% sm
(yupga pardaning galinligi), S = 0,5 sm (zondlar orasidagi masofa).

Bizga kerak bo‘layotgan tuzatish funksiyalari quyidagilar:

f(d/S)=1, f(a/b,b/S)=0,2.

Yugqoridagi tuzatish funksiyalarini e’tiborga olgan holda To = 19 °C xaroratda yupga
pardaning solishtrma garshiligini xisoblab topamiz. Ikki va uchinchi zondlar orasidagi potensiallar
fargi U2z = 33,6 mV ni tashkil etdi. Birinchi va to’rtinchi zondlarga esa I=123,6 mkA tok kuchi
berildi. Buning natijasida (5) formuladan foydalangan holda To = 19 °C xaroratda solishtrma
qarshilik p(To) = 0,246 - 10 Om-m ekanligini xisobladik.

Endi biz solishtirma qarshilikni o’zgarayotgan temperaturaga bog‘ligligini tekshiramiz
buning uchun bizga (6) formula kerak bo’ladi.

p(T)= p(To) [1-C(T-To)]

Bu yerda Ct — yupga pardaning termik koeffisenti bu bizning yupga parda uchun C+
~2x103K™! ga teng.

To’rt zond usuli bilan yupga pardaning turli xil temperaturalar uchun ikkinchi va uchunchi
zondlardagi potensiallar farqi o’zgarishini quyidagi 1 — jadvaldan ko’rishimiz mumkin. Jadvaldan
ko’rinib turibdiki temperatura va ikkinchi va uchunchi zondlardagi potensiallar farqining
o’zgarishi solishtrma qarshilikning o’zgarishiga olib keladi.

1 - jadval
T(°C) Uz (MV) p(T) 10° Om'm

20 37,7 0,11
30 23,5 0,106
40 14,9 0,1

50 11,5 0.096
60 9,4 0.09
70 9,7 0.086

Ushbu jadval asosida Vismut (Bi) va Surma (Sb) xalkogenidlari asosidagi solishtrma
garshiligini xaroratga bog’liglik grafigini chizishimiz mumkin.
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1- rasm. Vismut (Bi) va Surma (Sb) xalkogenidlari asosidagi yupga pardaning
solishtirma garshiligi (p) ning harorat (T) ga bog‘liglik grafigi

Ushbu tadgiqotda Vismut—Surma xalkogenidlari (Bi2Tes—Sb.Tes) asosidagi yupqa parda
namunalarning solishtirma qarshiligi haroratga bog‘liglikda tahlil qilindi. Tajribalarda issiqlik
bug‘latish texnologiyasi orqali tayyorlangan yupqa pardalar uchun to‘rt zondli usul qo‘llanilib,
namunaning cheklangan geometrik o‘lchamlari va qalinligini hisobga olish maqsadida tegishli
tuzatish funksiyalari kiritildi. Tadqiqot xulosasiga ko‘ra, bunday yupqa parda materiallarining
termoelektrik va elektr xususiyatlari harorat omiliga nisbatan yetarlicha sezgir bo‘lib, turli
temperaturalarda samarali ishlashini ta’minlash maqsadida uning fizik-parametrik tavsiflari
mas’uliyat bilan hisobga olinishi lozim. Kelgusida, ushbu materiallarni yanada takomillashtirish
hamda amaliy qo‘llash diapazonini kengaytirish uchun qalinlik, struktura va aralashma
konsentratsiyasini optimallashtirish istigbolli yo‘nalishlardan biri hisoblanadi.

FOYDALANILGAN ADABIYOTLAR RO’YXATI

1. Zaynobiddinov, X. Axramov. Yarimo‘tkazgichlar parametrlarini aniqlash usullari. —
Toshkent: «O‘zbekistony, 2001.

2. Goldsmid, H. J. Thermoelectric Refrigeration. New York: Plenum Press, 1964.

3. Sze, S. M. Physics of Semiconductor Devices. 3-nashr. John Wiley & Sons, 2007.

4. Foucaran, A. Sackda, A. Giani, F. Pascal-Delannoy, and A. Boyer, "Flash evaporated layers
of (Bi,Te; — Bi,Se;)(N) and (Bi,Te; — Sb,Te3)(P)," Materials Science and Engineering B,
vol. 52, no. 2-3, pp. 154-161, 1998.

5. M. Takashiri, T. Shirakawa, K. Miyazaki, and H. Tsukamoto, "Fabrication and
characterization of bismuth-telluride-based alloy thin film thermoelectric generators by flash
evaporation method," Sensors and Actuators A, vol. 138, no. 2, pp. 329-334, 2007.

6. H. Noro, K. Sato, and H. Kagechika, "The thermoelectric properties and crystallography of
Bi — Sb — Te — Se thin films grown by ion beam sputtering,” Journal of Applied Physics, vol.
73, no. 3, pp. 1252-1260, 1993.

7. Fan, Z.H. Zheng, G. X. Liang, D. P. Zhang, and X. M. Cai, "Thermoelectric characterization
of ion beam sputtered Sb, Te; thin films,” Journal of Alloys and Compounds, vol. 505, no. 1,
pp. 278-280, 2010.

94



I IIYBBA. SPUMYTKA3STUUJIAP ®U3UKACH BA APUMYTKA3STTYJIAP
MATEPUAJIINYHOCJIUT'U MYAMMOJIAPU

JTUHAMWYECKHWE U3MEHEHHUA B 2JEKTPOHHOM CTPYKTYPE
HAHOKPUCTAJIJIOB KPEMHUSA: AHAJIN3 POJIM TEPMAYECKOI'O OT)KHUT'A U
3JEKTPOHHON BOMBAPJIUPOBKH.

M.A. Maxmynos!, B.T.2arazapos?
Y Unemumym uonno-nnazmennvix u nazepuvix mexnonoauti umenu V.A.Apugposa AH PY3
2Tawkenmckuii I'ocyoapcmeennviii Texnuueckuii Yuueepcumem um. M.A.Kapumosa

[IpumeHneHre HAHOKPHUCTAJUIOB KPEMHHS B COBPEMEHHBIX TEXHOJIOTHSIX Ojaromaps uX
BBIJIAIOLIMMCS] CBOWCTBAM CTAHOBHUTCS Bce 0ojiee MOMYNISIPHBIM. DT HAaHOKPHCTAIUIBI 00JIaIal0T
BBICOKOH 3 (EKTHBHOCTHIO  M3IY4YEHHUS  CBETa,  INPEBOCXOJHBIMH  DIICKTPOHHBIMH
XapaKTePUCTHKAMHU U XUMHUECKON CTAOMIBHOCTBIO, YTO JIENIAeT UX EHHBIMU JJIS1 HCTIOI30BAHUS
B TaKux O6JIaCT$[X, KaK COJIHCYHAs SHECPIrCTHUKA, JJICKTPOHUKA U 6I/IOM6I[I/IIII/IHCKI/I€ TEXHOJIOTHH.
Taxoke, HAHOKPUCTAUTBI Si UTPAIOT KIOYEBYIO POJIb B PAa3BUTUU HOBBIX YCTPOMCTB B 001acCTH
SJICKTPOHUKHU U OIITO3JICKTPOHUKH.

Ilenpro JaHHOTO MCCIIEIOBAHUS SIBIISETCA MOAPOOHO N3yUCHHE U aHAIHU3 Pe3yIbTaTOB, KaK
TepMHUYecKass o00pabOTKa W BO3ACHCTBHE JIIEKTPOHHOrO OOMOapaMpoBaHWS BIHMAIOT Ha
JJIEKTPOHHYIO CTPYKTYpy HAHOKPHCTALIOB KPEMHHUsA. OTH MeTOJAbl 00paboTKH MOTyT
3HAYUTEIBHO M3MEHSATH DJICKTPOHHBIC CBOICTBA MaTepHajOB, BIUSAS HAa UX (YyHKIMOHAIbHBIC
XapaKTepUCTHKH. Tak, HapuMep, TEePMUIECKUN OTKUT MOKET YIyUIIUTh ONITHYECKUE CBOMCTBA
HAaHOKPHCTAJIJIOB, YBCIMYMBAA UX CIIOCOOHOCTB K CBCTOUBIIYUCHHUIO, YTO KPUTUYCCKH BAXKHO JIA
npuMmeHeHuil B LED-TexHonorusx u skpanax. DjIeKTpoHHas 60MOapIupoBKa, B CBOIO OYEpPE/b,
MOXKET YCHIIUTD JJICKTPUUYCCKYIO MPOBOJUMOCTE HAHOKPHUCTAJIJIOB, paClIupAsd BO3SMOXKXHOCTH HX
HCIIOJIBb30BaHUA B JaTUUKaX.

HccnenoBanue HampaBieHO Ha MOJYy4YEeHUE IITyOOKHMX 3HAHUHM O BO3JEMCTBUU yKa3aHHBIX
TEXHOJIOTHYECKUX TMPOLIECCOB Ha CBOMCTBA HAaHOKPUCTAJUIOB Si, YTO MO3BOJUT OTKPHITH HOBBIE
HarfpaBJIeHUs JUIsl UX IPUMEHEHUS B PA3JIMYHBIX TEXHOJIOTHYECKUX PELIeHUAX. Pe3ynbTaTsl 3TOr0
UCCIIEIOBaHMS MOTYT 3HAUUTENbHO PACIIMPUTh HAyYHbIE MPEACTABICHUS U MPEJIOKUTh HOBBIE
METO/BI JJIsl YIYUIICHUs U paclIMpeHUs] NPUMEHEHNs HaHOKPUCTAJUIOB KPEMHHUS B TEXHHUKE U
TEXHOJIOTHUH.

DNEeKTpOHHAsA CTPYKTypa HAHOKPUCTAJUIOB KPEMHHUS SIBISETCA KIFOUEBBIM (PAaKTOPOM,
OTIPENIENISIONINM UX CBOMCTBA. JTa CTPYKTYpa HANPSAMYIO BIHMSET HA dJICKTPOHHBIE, ONTHYECKUE U
XUMHYECKHE CBOMCTBA HaHOKPHUCTAJIJIOB, YTO 3TH UCCJICAOBAHUSA CTAHOBATCA 0CO0EHHO BaKHBIMU
JUI MaTepUajoBEACHUS M HAHOTEXHOJOrMi. B HayyHON nuTeparype MIMPOKO MpeCTaBiIeHA
uHpOpMaLKs O CTPYKTYpe HAaHOKPHUCTAIOB Si M (PaKTOpax, BIUSIOMUX Ha HEE.

TepMHUUeCKUl OTKHUTI — 3TO MPOILECC, MPU KOTOPOM HAHOKPUCTAIUIBI HArpeBaroOTCs 10
BBICOKHX TEMIIEPATYp, YTO CIOCOOCTBYET U3MEHEHMIO MX AJIEKTPOHHOM CTPYKTYpPbI. DTOT Ipoliecc
MOXXET TIPUBECTH K II€pEeOpraHu3alid MEXAaTOMHBIX CBSI3€M, VYIYYIICHHIO CTPYKTYpbI
KpHCTﬂJ’IJ’IH‘—IGCKOﬁ PEIIECTKN W ONTHUMH3alHUKN 3JICKTPOHHBIX cBoictB. I'mmaBHOE npenumMynieCTBoO
TEPMHUYCCKOI'0 OTKHUI'a 3aKIIH0OYaCcTCA B €0 BBICOKOH KOHTPOJIUPYEMOCTH 1 BOCIIPOU3BOIUMOCTH
PE3YIBTATOB, YTO paCIUPACT €0 IPUMCHCHNE B HAYYHBIX 1 TCXHHUYCCKUX 00J1acTAX.

OnexkTpoHHass 60MOAapAUPOBKAa — 3TO METOJ BO3ICUCTBUS HA IJIEKTPOHHYIO CTPYKTYPY
HaHOKPHUCTAIOB Si MyTEM HAaNpaBJIEHUS Ha HUX MOTOK BBICOKOIHEPIETUYECKHX HIIEKTPOHOB.
OTOT METOJI O3BOJISET JIOKAIBHO U3MEHATH 3JIEKTPOHHYIO CTPYKTYPY HAHOKPUCTAIIJIOB, YTO JAA€T
BO3MO>XHOCTb TOYHO KOHTPOJIMPOBATh MX JIEKTPOHHBIE TPAHCHOPTHBIE CBOMCTBA. C MOMOILBIO
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JIEKTPOHHON OOMOApIMPOBKU MOYKHO MU3MEHATh CBETOM3IYYAOLNE CBONCTBA U AIEKTPUUECKOE
COIIPOTHBJIEHUE MATEPHUAIOB, YTO MMEET Ba)KHOE 3HAU€HHE INPH MPOU3BOICTBE CBETOJHOIOB,
CEHCOPOB U JAPYTUX MOJIYINPOBOJIHUKOBBIX YCTPOHCTB.

B sToM paznene aHanM3UPYIOTCS MOCIEAHUE UCCIEAOBAHUS 110 U3MEHEHHIO (PU3UIECKUX H
XUMHUYECKHX CBOIMCTB HAHOKPUCTAJUIOB Si C MOMOLIbIO TEPMUYECKOTO OTKHIa W IJIEKTPOHHOU
O0oMOapaupoBku. Hampumep, HenaBHUE MCCIENOBaHUS IOKAa3ajdd, YTO TEPMUYECKUI OTKHUT
MOYET 3HAUYUTENBbHO YMEHBUIMTH KOJIMYECTBO /A€()EKTOB B KPEMHHMEBOM peIIeTKE, YIydIias
(OTOMOMUHECIIEHTHBIE CBOWCTBA MaTepuaia. AHAJOTHYHO, D3JIEKTPOHHAas OoMOapIupoBKa
UCIOJB30BATACh A MOJU(HUKAIMKM YpPOBHEH JIETMPOBAHUS B HAHOKpPHUCTAJIaX KPEMHMUS,
IIO3BOJISIl HACTPOUTH MX JIEKTPOHHBIE CBOMCTBA I0J] KOHKPETHbIE MPUMEHEHUs. DTOT aHaIU3
IIOMOJKET JIy4llle IOHATh BIMSHHUE 3TUX JIByX METOJIOB Ha CBOMCTBA HAHOKPUCTAIIIIOB Si M OTKPOET
HOBbIE HampaBJIeHUs A Oyqymux ucciiefoBaHuil. PaGoThl, cBs3aHHbBIE C 3TUMHU METOAAMH,
MOTYT PaclIuPUTh PAKTUUECKOE IPUMEHEHNE HAHOKPUCTAIIJIOB, IIPEIJIOKUB HOBBIE CIIOCOOBI UX
MCIIOJIb30BaHUs B TEXHUKE U TEXHOJIOTUSX.

Jns  mpoBeleHHsS — OKCIEPUMEHTAIBHBIX ~ PadOT  OBUIM  TOJTOTOBJIEHBI  OOpa3IIbI
HAHOKPHUCTAUIOB KpeMmHus (Si) BbICOKOW 4mcTOThL. CHavana oOpa3ibl ObUTM OTOOpaHBI IS
aHaJn3a, a UX YPOBEHb YUCTOTHI ONPENENEH C TOMOIIBIO CHEKTPOCKOIINYECKUX METOI0B.

JUis  TepMHUYECKOro OTKUIAa MHCIOJb30BAJIaCh CHELMANbHO MpPEJHA3HAYCHHAs I1€Yb.
KoHTponb TemmepaTypsl B ME4YM OCYIIECTBIISJICS C IOMOULIbIO TEPMOIAp BBICOKOH TOYHOCTH.
OO0pa3ipl NOABEprajaich HarpeBy NpHU pa3IMYHbIX TeMIIEpaTypax M BPEMEHHBIX HMHTEpBalax
temneparypsl: 800°C, 900°C, 1000°C, 1100°C. dnutenbHocTh BpeMeHH: 1 yac, 2 yaca, 4 yaca.
Jlnsa kaxaoi KoMOMHAIMKM TEMIEPAaTyphbl U BpEMEHU ObLIN MOATOTOBIEHBI OTAEIbHbIE 00pa3Lbl,
1 HaOJIOJATNCh U3MEHEHHUS WX (U3UKO-XMMHYECKUX CBOMCTB. DJIEKTpOHHAs O0oMOapaupoBKa
IPOBOAMIIACH C MCMOJIb30BAHUEM CHUCTEMbI 3JEKTPOHHOTO W3JIy4YEHHS BBICOKOW TOYHOCTH,
npou3BeA¢HHON kommnaHueil Siemens AG. Bplii npuMeHeHb! CleAyIoMe q1ana3oHbl SHEPTuu
snexTpoHoB: OT 10 k3B 10 100 k3B. [IpuMeHsINCH pa3audHbIE 1035l IEKTPOHOB, BKIoyas 10,
10% u 10 ANEeKTpoHOB/cM?. JIJis KaXKAOW PHEPTHH W J03bl ObUIM MOArOTOBIEHBI 00paslibl, U
HaOJII01aMCh U3MEHEHHUS B UX DJIEKTPOHHOM CTPYKTYpe.

Jlnist aHanu3a aTOMHOM U 3JIEKTPOHHON CTPYKTYpPBI IOBEPXHOCTH 00Pa3110B HCIOIb30BATIUChH
CJIETyIOIINE METOIbI:

ONeKTpoHHass MUKpockonus: M3MeHeHusT MUKpPOCTPYKTYpbl IOBEPXHOCTH OOpPa3IoB
HAOJMIOJAIMCh C IOMOUIbI0 CKaHUPYIOIIEro 3JIEKTpOHHOro Mukpockona (SEM) Beicokoit
TOYHOCTHU, TTpou3BeaéHHOTO KoMmanuen “FEI Company™.

Pentrenosckas nugpakuus (XRD): Ananuzet XRD npoBOIMIMCh € UCHOIB30BaHUEM
mudpakromerpa “Philips X'Pert Pro”. DrTor Meroa NO3BOJIMI ONpPEACTUTh W3MEHEHHS B
KPUCTAJNTNYECKOM pemeéTke u (pa30BOM cocTaBe 00pasIioB.

Pe3ynapTarel  3KCHEPUMEHTOB  4YETKO IOKa3ald M3MEHEHMs, IPOU3OLICAIINE C
HAaHOKpUCTAUIaMH KpPEMHHUS B  pe3ylbTaTe TEPMHUYECKOIO OTXKUTa U DAJIEKTPOHHOU
6oMOapaupoBku. Huxke npuBeeHbl OCHOBHBIE HAOI0JaeMble M3MEHEHUS M UX HAYYHbII aHaJIH3.

C yBenuyeHHEM TeMIEpaTypbl MpU TEPMUUYECKOM OTKUTE HAOIIOJAaTUCh M3MEHEHHS B
PacroI0KEeHUN KPUCTALIMYECKON peléTku. Pe3yabTaTl peHTTeHOBCKOM qu(paKuy MoKa3aiH,
yro npu temneparype 1100°C mapamerpsl peméTKM HAHOKPUCTAJUIOB Si YBEIMUYWINCH Ha
cpenHeM Ha 0.1%, 4TO CBSI3aHO C JANBHEWIIMM COBEPLIEHCTBOBAHMEM KPHUCTAIIMYECKON
PELIETKA.

C yBenuueHWEM J03bl JJIEKTPOHOB IPHU DIIEKTPOHHONH OOMOapaupOBKE, KOJIMYECTBO
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JTUCIIOKALUN B KPUCTAJUIMYECKON CTPYKTYpPE YMEHBILINIIOCH, YTO YKa3bIBA€T Ha JOMOJHUTEIHHOE
«CTabMIN3UPOBAHUE) CTPYKTYPhI MaTepHaa MoJ| BO3ACHCTBUEM IEKTPOHHOU OOMOapIUpPOBKH.

W3meHeHue 3JIeKTPOHHBIX CBOMCTB:

Tepmuueckuit orxur: [locne ananusa ceKTpoB (HOTOTOMUHECIIEHIIUU ObLIO 0OHAPYKEHO,
49T0 3(P(PEKTUBHOCTh CBETOM3IYYECHHUS OOpas3loB IIOCIE Mpolecca TEPMHUYECKOTO OTKHIra
yBenIuuuiach B cpenHeM Ha 30%.

OnexrponHas 6ombapaupoBka: C yBeTHYCHUEM JTO3bI 3JIEKTPOHOB 3HAYUTENILHO YIYUIIHIACH
3JIEKTPOIIPOBOJHOCTh HAHOKpUCTALIOB Si. B wactocTu, nmpu sHeprum 100 k3B u nosze 10%°
3IEKTPOHOB/CM? 3JIEKTPOIIPOBOJHOCTD YBEIUYHIIACH BIBOE.

TepMuyeckuit OTXKUT U AJIEKTPOHHAasi 00MOapIMpPOBKa OKa3bIBAIOT 3HAYUTENILHOE BIUSHUE Ha
JNIEKTPOHHYIO CTPYKTYPY HAHOKPHUCTANIOB KpeMHHS. B pe3ynapTate STuUX MpoOIECcCOB
HaOJI0/1aeTCs epecTporiKa KPUCTAIIMUECKON CTPYKTYPhI U YIy4IlIeHHE 3JIEKTPOHHBIX CBOMCTB,
YTO MO3BOJIAET YITYYIIUTh TEXHUIECKHE XapaKTEPUCTUKNA MaTePHAIOB. DTH PE3yabTaThl CO3AAI0T
OCHOBY JIJIs1 pa3pa0OTKH HOBBIX TEXHOJOTHH MPpH padoTe ¢ HAHOKPUCTAIIAMH.

B xoz1e nanHoTro HccnenoBanus ObLUIO AETaTbHO U3YYEHO BIHMSIHHE POIIECCOB TEPMUIECKOTO
OTXHTa M 3JIEKTPOHHOIW OOMOAPANPOBKH Ha DJIEKTPOHHYIO CTPYKTYPY HAaHOKPUCTAIUIOB KPEMHUS
(Si). [ToryuenHble pe3yabTaThl MO3BOIUIN CPOPMYITHPOBATH CIEAYIONINE BHIBOIBI:

Monudukanus 3JeKTPOHHBIX CBOMCTB:

e B pesynbrare Tepmuueckoit 0OpabOTKH M AJIEKTPOHHONH OOMOapIUpOBKH Oblia
3auKkCcUpoBaHA  CYIIECTBEHHAss  aKTHBAIMs  DJIGKTPUYECKOM  MPOBOAUMOCTH
HAaHOKPHUCTAJIOB.

o [lpu sueprum snexTponoB 100 k3B u no3ze 10'® sanmekTpoHOB/CM? ANIEKTpUYECKast
NPOBOJUMOCTh YBEJIMYMJIACh BJBOE, YTO TOATBEPKIACT 3HAYUTEIHHOE BIIMSHUE
AIIEKTPOHHON OOMOapIUPOBKU Ha AJIEKTPOHHBIE XapAKTEPUCTUKNA HAHOKPUCTAIIIOB Si.

VYiydiieHne ONTHYECKUX XapaKTepUCTHK:

o HHTEHCHUBHOCTh (DOTOMIOMMHECIIEHIIUU IOCIE TEPMUYECKOTO OTXKUTa BO3pocia
npubnusutensHo Ha 30%, 9TO pacmupsieT NepCHeKTHBBI HMCIOJIb30BaHMS JTaHHBIX
HaHOKPHCTAJJIOB B ONITUYECKUX MPHIIOKEHUSIX.
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KPHUCTAJLI BA AMOP® I'MIPUJJIAHI AH KPEMHUWJIA
®OTODJIEKTPUK YTKA3YBUAHJIUK BA YHUHI MEXAHU3MH

Y.C.Babaxomxkaes!, M.A.Ycmanos!
Hamanean oasnam ynusepcumemu

Cynru Hwmnapaa Ky€ll 3JeMEHTJIApUHM CaMapaJOpJUIrMHU OpPTHPULI Ba TaHHAPXUHU
KaMalTUPHII Y9yH KEHT KyJIaMJId TaAKUKOTIap onub 6opunmokaa. Lllymap kaTopuna KpucTami
kpeMHui (¢ — Si) acocuparu Ky€mr >JIeMeHTIapu KOHTaKTJIapuaa cOmup OyiaaauraH CHUPTHH
PEKOMOMHALMSIAPHU P-N CTPYKTypajlapHU 03a €KM OpKa Kucmilapura amopd ruapuaiaHra
kpemHud (a — Si: H) 1onka KarjamMu OWJIaH KOIUIAll OpPKAdM KaMaWTHPHIN YCTHIA WIMHHN
TAJAKUKOTIAp 0IM0 OOpUIMOKIA. DKCIEPHUMEHTAI TaJAKHUKOTIAPHH ONTUMAIUIAIITHPUII YYyH
amMopd TMIpUJUIAHTaH Ba KPHUCTAJl KPEMHMH KOHTaKkTiIapuaa OynaauraH (OTOIIEKTPUK
KapaéHiapHu Ypranui 1o3uM. ByHuHT yayH 3ca aBBan (¢ — Si) Ba (a — Si: H) narv TOK Taniuil
MeXaHu3MIIapH (papKuHHu Kapad duKaMus.

MabiiyMKH I0KOpPH 4acTOTalu EPYFIUMK HypJiapu MojJjajap KaTJIaMUHU JeApiid CUPT
KaTJIaMU/1a FOTUIJIAIM LIIYHIa acocaH KapaiaéTraH KaTjlamra Tymaérran EpyFiauK 3Heprusicu hv >
E, mwapTHu KaHoaTIaHTHpca Oapya €pyFIMK HypJapu APUMYTKAa3TUYHMHI CUPTHH KaTiamuja
IOTHIIAN. Arap KaTiaM yimdaMu Karra Oyica, OyTyH KalMHIMK OVitnad €pyFIMKHU HOTEKUC
IOTUJIMILIN coaup OYnanu. YOy XxonaT UKKU SIpUMYTKA3rU4, S’IbHU XyCYCUHM YTKa3yBUaHJIMKKA 3ra
MOJIMKPUCTAIIT KpEMHUH Ba aMOp( THIPHUTIAaHTaH KPEMHUN KaTIaMIapu/ia KaH1akl xKapaéH coaup
STHUIIH WIMHWH W3JIAHUIIHA ACOCUHHU TalIKWI KWIAIH.

Arapia TaAKUK KWIMHAETraH SPUMYTKA3TMWIM HabMyHaJlapHU OUp TOMOHHJAA SPUM
mapdod, ExkM CETKACUMOH MeTall KOHTAaKT XOCHJ KHWIIHMHCA, YIIOYy TOMOHIa EpYFINK
TYIIUPWIATU. ABBaJl MOJIMKPUCTAUT KpeMHUIHH (¢ — Si) KypaawraH OYyiicak, TyIIUPHUITaH
EpyFIMK CUPTHH KaTilama IOTUIMIIN Tydaim ¢ — Si HU CUPTUH KaTjaaMuja 3JeKTPOH-KOBaK
Kypriurun xocun Oynmamu. Taakuk KwiMHAETraH HabMyHaHW OMp CcHUpTHJA XOCHJ OYynrax
AIIEKTPOH-KOBAK XY(TIMIH KapaMa-Kapiid TOMOHTa ¢ dy3usiiaHaau Ba Xap UKKH TypAard TOK
TalyBuMIapHUHr U dysus kodpdunuentnapu typamda D, > D, Oynranu ydyH cupTiIap
Ypracuna noreHuuamuiap dapku V ro3ara kenaau [1]. By xoqucara lem6ep s dextu aevinnanm.
Xocuia Oynran noteHuHaIap GapKUHU

Jjn = le|SAn
n-'_."——;.
g —>
H—>
8 —
™
{(v)
F
I-pacm
d? A d’n A
P gy D,— = =2
Pax2 1, dx? Tn

S dp
Jnx tJpx = oE — |e|(Dp - Dn)&

TEHTJIaMaJapHH Oaprajukia e4uIl OpKaJly TONMIaan. XyCycuil Xonaa Kyiuaaru
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_GKBT' HUn — Up . 1
lel npn+pup /D/t+S

eunmra sra Oynuaamm [1].

Arapja Xynau myHnai Xxoaucanu amopd TUIpHUTaHTaH KpeMHUd a — Si: H yayH Taakuk
Kuiaiimk. Mabinymkn a — Si: H ra hv > Eg; sHeprusiin €pyFivK Tynica, ymoy EpyFIMK BaJeHT
coXaJla KOMIaIrad dIeKTPoHIapaal Tamkapu E, <+ Ep sHepreTuk opaaukia skoitnamran D°
caTxjapia xaM otunaau. ®epmu catxu atpoduary nokamnamran DO caTxnap KOHLEHTpausicu
KOJITaH YHEPreTHK caTXJapJaruiaH KaMm OVJIraHu ydyH IOTHJIAIUTaH SHEPTETUK OPAIUK KEHTPOK
Oynanu, yyHku a — Si: H Ja Jokajamrad Xonariap 3U4WINry BaJleHT coxa yerapacunan Oepmu
caTxuradya TYpJu XWJI DKCIOHEHLMAd KOHYHHUAT Oyiuua kamaiub Oopanu. Jlokammamran
catxjapia Tuirad Epyrnuk Tydainn depMu caTXMHU CWIDKHILW ro3ara kemaau (2-pacm) Ba
HaTkaga a — Si: H Hu €pyFIuK I0TUITaH Ba FOTUJIMAaral KUCMIIApU YPTAacH1a MOTEHUHAI TYCUK
1o3ara kenaau (3-pacm).

TR I

boo

J-pacm

Bapua amop¢ sipumyTkazruunap kabu a — Si: H na E, Ba E, sDHepreTuk carxJjapra €nuIirad
TaKWK COXa MYMJIa KaTTa 3MWIMKKA 3ra JIokayamrad coxanap (“Ypbax nymmapu’) MaBxy 0yauo
SPKUH AJIEKTPOHJIAp Ba KOBAKJIap y4yH TyTKWY Bazudacunu 6axapaau. lllynunr yuyn a — Si: H
HabMyHacuaa Au¢Qy3uoH TOK ro3ara KelIMalu, YyHKH TOK TallyBuujap ymoy TyTKUWIapAa
TYTWINII SXTUMOJIJIUTH KaTTa.

[ToTenmman Tycuk Oananmiaru @epMu CAaTXUHUA CUIDKHUIIIATA TTPOTIOPITHOHAN, IHHU

AE
Ap = —L
@ e

depMy  CaTXMHU CWDKWIIMHM TOMMIN yYyH O3JCKTPOHEHTPA/UIMK TEHIJIAMACHIaH
doitnanmanamms.
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Ep
I
ot = | FEg@E
E

WuTerpan TeHrnamManu urepaunos yeynaa uauad AEp = Ep — E Hu Tonamus.

Tankuk KumHaérrad a — Si: H HabMyHaHu EpyFIMK TylmaéTraH TOMOHUTA TOK MaHOAuHH
(+) KyTOM, KapaMa-Kapiiu TOMOHHUTA (-) KyTOU yJIaHUO OJMHTaH BOJBT-aMIIep XapaKTePUCTHKA
TYFpUIIOBYM Xoccara ara auoj BAX wra yxmam rpadhuxkau 6epaau [2].

Ymly xonaTna 3JIeKTPOHJIAp CHPTHHA KaTjiamjaa koWamranu Ba E, HM nym coxacuaaru
JOKaJUIAIITaH XOJaTjap 3WWIMTH KaTTa OYiaraHu y4yH yjiap AEApiid TOK YTKa3yBUAHJIHMKAA
UITUPOK dTMaian. Jlemak, a — Si: H xaxxmu 0yii1ad acocan KoBakjap XapakaTjiaHau, ITYHUHT
yayH onmmHraH BAX nan doiinananu6 s3pkuH KoBakiap Ba @epmMu caTXUAaH KyWHIa KoHIamran
JOKAJUTALTaH XOoJaTjiap MapamMeTpilapd XakuJa MabJIyMOT OJIMII MYMKHH. ByHHMHr y4yH
KyHHUJara TeHriaManap CUCTEMacHHH OMPrajivKaa UIliaml 3apyp.

J = eApu,E + D,Vp

Po _ o =

—z =~ P=eN)
af

NE:th-i_ND_Ap

Y6y tenrnamanu eduMu BAX Hu kypunuiura 6ofnuk 6yinb, acocan y4 XoyaT y4yH,
S’bHU KOBAKJIapHU Ky4CH3, YpTa Ba KyWIM HHXXEKLIUACH YUYH €UHIIAIH.

YOy onvHran Mabiiymotiapaan ¢oinananud ¢ — Si/a — Si: H cTpyKTypa KOHTaKTHAA
conup Oynaérran xapa€HHU Ky€EI 3JIEMEHTHHH MapameTpiapura TabCUPUHU YpraHuill MyMKUH.
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SYNTHESIS OF Cu NANOPARTICLES USING ELECTROCHEMICAL METHOD

A. Shavkatov, A. Yarbekov
Turin Polytechnic University in Tashkent
a.yarbekov@polito.uz

The electrochemical method of synthesizing Cu nanoparticles has attracted considerable
attention due to its unique advantages, such as simplicity, direct route, low-temperature operation,
high current yield, and represents an important step towards environmentally friendly methods.
Various electrochemical methods including cyclic voltammetry, potentiostatic, galvanostatic, and
pulse current were used for nanoparticle synthesis.
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The size, shape, and properties of copper nanoparticles synthesized by the electrochemical
method are influenced by the following factors:

1. Solution concentration: Higher solution concentration leads to larger nanoparticle size.

2. Solvent: The solvent nature can affect the shape and size of nanoparticles. For example,
copper nanoparticles in water typically have a spherical shape, while in methanol or acetonitrile,
they may exhibit rod or needle-like shapes. Those obtained in the presence of water-acetonitrile
have the smallest average particle size among others.

3. Stabilizers: The use of various stabilizers, as demonstrated in studies (4) and (5), allowed
for size and shape control of nanoparticles.
4. Influence of electrolyte pH: In the study (6), the influence of electrolyte pH on Cu

nanoparticle properties was investigated, showing that pH significantly affects the size,
morphology, and thermal stability of particles. At low pH values (pH = 5), Cu nanoparticles with
large sizes and complex shapes are formed. At pH = 12.5, Cu nanoparticles had a cylindrical shape
with lengths ranging from 50 to 150 nm and diameters around 10-20 nm.

5. Current: Increasing the current enhances the deposition rate of nanoparticles, resulting in
size reduction.
6. Voltage. During electrochemical synthesis, the size of copper nanoparticles can be reduced

by increasing the voltage. For instance, some study reveals that increasing the voltage to 27 V led
to a decrease in the average particle size to 21.55 nm. Increasing the applied voltage usually
enhances the rate of copper ion reduction to copper atoms, which can lead to the formation of
smaller nanoparticles. This is because at higher voltages, nucleation occurs more rapidly than
growth, resulting in the formation of a greater number of smaller particles. However, it is important
to note that excessively high voltage can also lead to the formation of side products or induce
particle agglomeration, which may negate the benefits of size reduction.

In recent years, several advancements have occurred in electrochemical nanoparticle
synthesis. One of the achievements is the development of new electrolytes, such as ionic liquid
electrolytes, which can be used for synthesizing nanoparticles with high purity and adjustable size
and morphology. Another achievement is the development of new electrochemical synthesis
methods, such as pulse electrodeposition, which can be used for synthesizing nanoparticles with
unique properties.

lonic liquid electrolytes are a new class of electrolytes that offer several advantages
compared to traditional aqueous and non-aqueous electrolytes, such as high thermal stability, low
volatility, and non-flammability. lonic liquid electrolytes can be used for synthesizing
nanoparticles of high purity, adjustable size, and morphology. Innovative Approaches. Some study
proposed the use of DNA as an electrolyte for nanoparticle synthesis. Using DNA as an electrolyte
provides opportunities to obtain nanoparticles with an amorphous structure.
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NIKEL METALOKSID PLYONKALARINING ELEKTROFIZIK
XUSUSIYATLARI

M.B.Rasulova!, Z.Sh.Madaminova?, B.D.Xoshimova?
Andijon davlat universiteti mustaqil izlanuvchisi
Andijon davlat universiteti talabasi

So‘nggi yillarda metall oksidli yarimo‘tkazgichlar orasida NiO nanostrukturalari o‘zining
noyob optik, elektrik, katalitik va magnit xususiyatlari tufayli e'tiborni tortmogda[1]. Chunki uning
xususiyatlari turli xil fotokatalitik, quyosh elementi, elektroxrom va kimyoviy sezgir asboblar
uchun juda foydalidir. U elektro-optik qurilmalarda, antiferromagnit plyonkalarda, katalitik
reaksiyalarda,  superparamagetik  qurilmalarda,  superkondensatorlarda,  datchiklarda,
fotodetektorlar ishlab chiqarishda, gidroksidi batareyalarda qo’llaniladi. Shuningdek, NiO dan
gattiqg oksidli yonilg'i elementlarida, lityum ionli mikrobatareyalar uchun lityum nikel oksidi
katodlarida, elektroxromik qoplamalarda, plastmassa va to‘qimachilikda, nano simlar, nanotolalar,
maxsus qotishma va katalizator qurilmalarda foydalaniladi. Bundan tashqari, katalizator va
antiferromagnit gatlamlar sifatida, aerokosmosdagi yengil strukturaviy komponentlarda, faol optik
filtrlarda, gidroksidi batareyalar uchun katod materiallarida hamda gaz yoki harorat sezish uchun
sensorlar sifatida ishlatiladi[2-5]. Nikel(ll)oksidi- NiO formulasiga ega kimyoviy birikma bo‘lib,
p-tipli yarimo‘tkazgichdir. NiO ning mineralogik shakli juda kam uchraydi. NiO ni hosil qilish
uchun nikel kukunini 400°C dan yuqori temperaturada qizdirilib, kislorod bilan reaksiyaga
kirishadi. Ba'zi jarayonlarida yashil nikel oksidi nikel kukuni va suv aralashmasini 1000°C da
isitish orqali hosil bo‘ladi, bu reaksiya tezligini qo‘shilishi bilan oshirish mumkin. NiO-VI-VIII
guruhiga kiruvchi yarimo‘tkazgichdir. Odatda, NiO xona haroratidan pastroqda antiferromagnit
xususiyatini namoyon giladi. Uning tagiqlangan sohasi kengligi katta ya’ni, 3,6 dan 4,0 eV gacha.

Metalloksidlarining elektronika va optoelektronika sohalarida qo‘llanilishi uchun elektr
o‘tkazuvchanligini tekshirish va nazorat qilish muhim vazifalaridan biri hisoblanadi. Nikel oksidi
(NiO) - murakkab elektrofizik xususiyatlarga ega bo’lgan metall oksidi. Uning elektrofizik
xususiyatlari uning kristall tuzilishi, defektlari va harorati kabi omillar bilan belgilanadi.
Yarimo‘tkazgichlarning o‘tkazuvchanligi harakatlanuvchi zaryad tashuvchilarning soni
(elektronlar va kovaklar), ularning issiqlik tezligining tagsimlanishi va qo‘llaniladigan elektr
maydoni tomonidan qo‘zg'atilgan muvozanat tagsimoti farqi bilan belgilanadi. Kirishma atomlari
kiritilmagan NiO o°zini izolyator sifatida tutadi, ammo aralashmalar yoki panjara nugsonlarining
mavjudligi NiO ning elektr o‘tkazuvchanligini hosil qiladi, shuningdek, o‘sish jarayonida ortiqcha
kislorod hosil bo‘lganligi sababli nikel bo‘sh joylarining yuqori konsentratsiyali kislorod
egallaydi. Osh tuzi ko‘rinishidagi ideal NiO kristallida Ni ionlari oktaedral panjara tugunlarini
egallaydi va 2 valentlikni hosil giladi. Ni vakansiyalari hosil bo‘lgach, ikkita kovak paydo bo‘ladi,
ular o‘zlariga yaqin joylashgan Ni?* ni Ni®* ga aylantiradi. Bu mahalliy mugsonlar hosil bo‘lishiga
olib keladi. Shu sababli, o‘tkazuvchanlik faqat issiqlik bilan faollashtirilgan sakrash jarayoni orqali
amalga oshirilishi mumkin, bu esa kovaklarning sekin harakatlanishiga sabab bo‘ladi. Ni®*
ionlarining mavjudligi, shuningdek, ko‘rinadigan diapazonda metall yetishmovchiligi bo‘lgan
NiO qatlamlarining o‘tkazuvchanligini pasayishiga olib keladi. Ikki marta zaryadlangan nikel
bo‘sh o‘rinlari bir marta zaryadlangan nikel bo‘sh joylarga nisbatan yuqori konsentratsiyaga ega
deb taxmin gilinadi hamda kislorod ham p tipdagi o‘tkazuvchanlikni hosil giladi [6].
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Yupga qatlamlarning qarshiligi tayyorlash texnikasi, tayyorlash parametrlari, kiritilgan
kirishma turi, toblanish harorati va hatto o‘lchash shartlari kabi bir gancha omillarga bog'liq. 1.1.a-
rasmda NiO yupqa gatlamlari uchun elektr garshiligining haroratga bog’liqligi ko‘rsatilgan.

NiO yupga gatlamlarida harorat oshishi bilan garshilikning kamayib, o’tkazuvchanlikning
ortishi kuzatiladi. Bu hodisa, yarimo’tkazgichlar uchun xos bo’lgan termistor xususiyatiga ega
bo’lgan nikel oksidi uchun ham to’g’ri keladi. Haroratning ko’tarilishi bilan zaryad tashuvchilar
(kovaklar) soni ortadi, chunki issiglik energiyasi zaryadlarning harakatlanishiga yordam beradi.
Natijada, zaryadlarning harakati uchun to’siq bo’lgan qarshilik kamayadi va materialning elektr
o’tkazuvchanligi ortadi. Ushbu xususiyat NiO ning turli xil sensorlar va termoelektr qurilmalarda
go’llanilishiga zamin yaratadi.

200 —NiO
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1.1-rasm. a)NiO yupga gatlamlarining solishtirma qgarshilikni haroratga
bog’ligligi; b) NiO yupga gatlamlarining aktivlashtirish energiyasi

Ko’plab tadgiqotchilar tomonidan nikel oksidi yupga gatlamlarining elektr garshiligi 10—
10”6 (Om-sm) oralig’ida ekanligi ma’lum gilingan. Bu garshilik giymatlari NiO ning tayyorlash
usuli, tarkibi, kristallanish darajasi va boshga omillarga bog’lig holda keng diapazonda o’zgarishi
mumkinligini ko’rsatadi. Bu diapazon NiO ning yarimo’tkazgichlik xususiyatlarini tasdiglaydi,
chunki izolyatorlar uchun garshilik juda yugori (masalan, 102 Om-sm dan yugqori), 0’tkazgichlar
uchun esa juda past (masalan, 10 Om-sm dan past) bo’ladi. 1.1(b)-rasmda NiO ning aktivlashtirish
energiyasining temperaturaga bog’lanishi ko’rsatilgan, unga asosan barcha gatlamlarda elektr
o0’tkazuvchanlik (o) harorat oshishi bilan ortib boradi. Aktivlashtirish energiyasi, odatda, zaryad
tashuvchilarning harakatini boshlash uchun zarur bo’lgan energiya miqdorini bildiradi. Harorat
ortishi bilan bu energiya tagsimoti kengayadi, natijada ko’proq zaryad tashuvchilar harakatlana
oladi. Shunday qilib, grafikka ko’ra, aktivlashtirish energiyasi qanchalik kichik bo’lsa, haroratning
elektr o’tkazuvchanlikka ta’siri shunchalik sezilarli bo’ladi[7]

Elektr o’tkazuvchanligiga ta’sir qiluvchi omillar:

Defektlar: Nikel vakansiyalari va kislorodning ortiqchaligi NiO ning elektr
o’tkazuvchanligiga sezilarli ta’sir ko’rsatadi. Vakansiyalar soni oshishi bilan teshiklarning
konsentratsiyasi ortadi va elektr o’tkazuvchanligi ham oshadi.

Kirishma atomlari: NiOning elektr o’tkazuvchanligini legirlash orqali o’zgartirish
mumkin. Masalan, litiy (Li) kabi elementlar bilan legirlash kovaklarning konsentratsiyasini
oshirishi va elektr o’tkazuvchanlikni yaxshilashi mumkin.

Harorat:Harorat oshishi bilan NiO ning elektr o’tkazuvchanligi odatda ortadi. Yuqori
haroratlarda defektlarning hosil bo’lishi osonlashadi va tok tashuvchilarining harakatchanligi
oshadi.
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Mikrostruktura:NiO ning don o’lchami, don chegaralari va orientatsiyasi uning elektr
o’tkazuvchanligiga ta’sir qilishi mumkin. Don chegaralari zaryad tashuvchilarning harakatini NiO
ning elektrofizik xususiyatlarini yaxshilash va yangi qurilmalarni topish uchun tadgiqotlar davom
etmogda. Legirlash, nanostrukturalash va geterotuzilmalar kabi usullar NiOning xususiyatlarini
o’zgartirish va uning ishlashini yaxshilash uchun qo’llaniladi.

Xulosa qilib aytganda, nikel oksidi murakkab elektrofizik xususiyatlarga ega bo’lib,
defektlar, doping va harorat kabi omillar bilan belgilanadi. Uning xususiyatlari sensorlar,
katalizatorlar, akkumulyatorlar va boshqa sohalarda qo’llanilishini ta’minlaydi.
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YARIMO‘TKAZGICH QOTISHMALAR OLISH KONTEYNERI

K.lI.G*aynazarova
Farg ‘ona davlat universiteti

Jahonda to‘g'ridan-to‘g‘ri energiya konvertatsiyasining fizik ta'sirini amalga oshiradigan
yangi materiallarni ishlab chigish tobora ortib borayotgani e'tiborni jalb gilmoqda. Bu o‘z
navbatida elektr energiyasini ishlab chigarishda mavjud jarayonlar va qurilmalarning
samaradorligini oshirish uchun yangi imkoniyatlar ochmoqda. Bu jarayonlardagi ekologik va
energetika muammolarini hal gilishda termoelektrik materiallar muhim rol o‘ynaydi. Hozirgacha
xona haroratidan 500 K gacha bo‘lgan harorat oralig‘ida unchalik samarali bo‘lgan boshga
materiallar topilmagan. Bunday termoelektrik materiallardan Biz(B"'")3 va Sba(BY")s, (BV'-Se, Te)
asosidagi birikmalar past haroratli ishlab chiqarishda ishlab chiqarish va qo‘llash nuqtai nazaridan
eng keng targalgan. Albatta, energiya konvertatsiyasining past samaradorligi termoelektrik
materiallarni qo‘llash sohasiga ta’sir qiladi. Biroq, nisbatan barqaror va yuqori termoelektrik
giymatlarga erishish uchun Bi2(B")3 va Sho(B)s, (BY'-Se, Te) asosidagi birikmalar asosidagi
yarimo‘tkazgichli materiallar T = 200-600 K harorat oralig‘ida ishlaydigan termoelektr

104



I IIYBBA. SPUMYTKA3STUUJIAP ®U3UKACH BA APUMYTKA3STTYJIAP
MATEPUAJIINYHOCJIUT'U MYAMMOJIAPH

energiyasini o‘zgartirgichlarni ishlab chigarish uchun keng qo‘llaniladi. Shu bilan birga, bunday
termoelektrik materiallarning xususiyatlarini yaxshilash saglanib gqolmoqda.

Ma’lumki, xom ashyoning ba’zi nisbatlari termoelektrik parametrlari optimal parametrlarga
ega bo‘lgan qotishma materialini olishga imkon bermaydigan asoslarni beradi. Shuning uchun,
BioTes va Bi>Sez asoslarining parametrlarini to‘g‘rilash uchun stexiometriyadan ortiq
xalkogenlarni kiritishni go‘lladik. Termoelektrogeneratorlarning asosiy qismi sifatida qo‘llash
uchun vismut va surma xalkogenidlari asosidagi murakkab birikmalar olish texnologiyasiga
go‘yiladigan talablar izohlangan va yuqori termoelektrik samaradorlikka ega bo‘’lgan gattiq
gotishmalar olish uchun yaratilgan qurilmaning tuzilishi, ishlash prinsipi, olingan gotishmalarning
parametrlari keltirilgan.

Yugori samarali termoelektrik, tenzoelektrik va optik hususiyatlarni namoyon giladigan
yangi materiallardan fan va texnikaning yuqori texnologik sohalarida qo‘llanilishi, mavjudlariga
nisbatan sezilarli darajada yuqori ishchi xarakteristikalarga ega bo‘lgan yangi avlod asboblarini
yaratishga imkon beradi. Termoelektrogeneratorlarning asosiy qismi sifatida qo‘llash uchun,
Bi2(BV")3 va Sh2(BV")3, (B'-Se, Te) birikmalar qulay hisoblanib, o‘tkazuvchanlik holatida ularning
xususiyatlari va xarakteristikalarini tadqiqg gilish bunday materiallarni olishni magsadli boshgarish
imkoniyatlarini yaratadi.

Bunday qattiq gotishmalar olishning ko‘plab texnologiyalari mavjud. Jumladan, ampula
metodi, Bridjmen metodi, Choxral metodi, zonaviy eritish, flyuslar bilan eritish, inert gaz bosimi
ostida eritish va boshqalar. Lekin sanab o‘tilgan usullarning qator kamchiliklari bor. Masalan,
gotishma uzunligi bo‘ylab kirishmalarning bir xil tagsimlanmasligi; qurilma va asboblarning o‘ta
gimmatligi; zarur bo‘lmagan kirishmalarning asosiy komponentga kirib qolishi va h.k.

Yugoridagilardan kelib chiggan holda, inert gaz bosimi ostida termoelektrik materiallarni
olish va legirlash qurilmasi ishlab chigilgan. Qurilmaning o‘ziga xosligi eritish konteynerining
gayta ishlatish imkoniyati mavjudligida ko‘rinadi. Quyida 1-rasmda qurilmaning chizma
ko‘rinishi keltirilgan.

Eritish uchun konteyner sifatida konus shaklidagi kvars tigel (1) dan foydalaniladi. Eritish
jarayonti tutqich orqali olib borilsa, bug‘lanish yuzasini va uchuvchanlik tufayli yo‘qotishlar foizini
kamaytiradi. Ushbu jarayonda tigelni ichki diametriga mos tushadigan (1-rasm) va erkin harakat
qila oladigan tutqich tanlab olinadi. Tutqich idish devori va tigel bilan 1+1,5 mm oraliqda
bo‘shligni hosil qiladi. o‘lchab olingan aralashma tepadan tutqich bilan berkitilgan tigelga
yuklanadi.

O‘Ichab olingan aralashma tepadan tutgich bilan berkitilgan tigelga yuklanadi. Tutgichdan
foydalanish bug‘lanish yuzasini kamaytiradi va eritish jarayonida uchuvchanlik tufayli
yo‘qotishlar foizini kamaytiradi.

Keyin konteyner eritish qurilmasining kvars stakaniga solinadi va u o‘z navbatida po‘lat
idishga joylashtiriladi. Konteyner eritish qurilmasi 2- 10" mm.sim.ust. vakuumga yetgandan so‘ng,
idish 1,5 atm bosimgacha argon bilan to‘ldiriladi. Keyin pechning harorati ko‘tariladi. Erish
haroratiga yetganda, qotishmada suyuq holatga o‘tish va gomogenlashuv jarayoni sodir bo‘ladigan
vaqtgacha kutib turiladi.

Erish jarayonida argon gazining 4 atm. bosimi, 750°C haroratda 30 dagiga ushlab turiladi.
Belgilangan sharoitda gotishmani ushlab turgandan so‘ng, pech o‘chiriladi, idish sovutiladi va
pech xona haroratigacha to‘lig sovigandan keyin po‘lat idish tushiriladi.
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shaklidagi kvars tigel,
kvars tigel solingan idish,

1-rasm. Materiallarni eritish uchun konteynerni chizma ko‘rinishi.

Tayyor bo‘lgan qotishmaning parametrlari termoeyuk koeffitsiyenti a=200+240 mkV/K va
solishtirma elektr o‘tkazuvchanligi 6=60+200 Om™-sm™ optimal qiymatlarga ega bo‘lgan asosni
olish uchun xalkogen miqdorining o‘zgarishiga qarab asosning termoelektrik xossalari tekshirildi.
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TEXNIKA OLIY TA’LIM MUASSASALARIDA ENERGETIKA MUXANDISLIGI
YO‘NALISHIDA TA’LIM JARAYONINI ZAMONAVIY YONDASHUVLAR ASOSIDA
TASHKIL ETISH

Sh. S Nazirjonova
Andijon davlat texnika instituti

Texnika oliy o‘quv yurtlarida talabalarni sifatli o‘qitish, ularning bilimlarini oshirish va
mustahkamlash, ko‘p jihatdan pedagogning mahorati va dars jarayonida qo‘llagan metodikasiga

106



I IIYBBA. SPUMYTKA3STUUJIAP ®U3UKACH BA APUMYTKA3STTYJIAP
MATEPUAJIINYHOCJIUT'U MYAMMOJIAPU

bog‘lig. Aynigsa, muhandislikning muhim tarmoqlaridan biri bo‘lgan energetika yo‘nalishidagi
talabalar uchun mutaxassislik fanlarini chuqur o‘rganish dolzarb ahamiyat kasb etadi.

Zamonaviy ta’limning talablaridan kelib chiqib, rivojlanib borayotgan fanlardan biri —
“Yarimo‘tkazgichlar fizikasi” fanidir. Ta’lim jarayonida zamonaviy axborot-kommunikatsiya
texnologiyalaridan foydalanish ta’lim samaradorligini oshirishning eng muhim jihatlaridan biri
hisoblanadi. Bunday texnologiyalar darslarni gizigarli va interaktiv shaklda tashkil etish,
o‘quvchilarning materialni chuqurroq o‘zlashtirishiga xizmat qiladi. Ayniqgsa, laboratoriya
mashg‘ulotlarida AKT imkoniyatlaridan foydalanish moddiy-texnik bazaning shikastlanishining
oldini olish, eksperimental tajribalarni xavfsiz va aniq o‘tkazish imkoniyatini beradi.

Murakkab energetik tizimlarning tahlilini osonlashtirish magsadida MATLAB, Sentaurus
TCAD, EUROSTAG, MUSTANG kabi maxsus dasturlar keng qo‘llaniladi. Ushbu dasturlar
orasida MATLAB dasturi aniq hisob-kitoblar va modellashtirish imkoniyatlari bilan ajralib
turadi. Bu dastur yordamida energiya tizimlarining ishlash rejimlari bargarorlashtirilishi,
tizimning avariyadan oldingi va avariya holatidagi ragamli tasvirlari tahlil gilinishi mumkin.

“Yarimo ‘tkazgichlar fizikasi” fanini o‘qitishda innovatsion texnologiyalardan foydalanish
samaradorlikni oshirishga xizmat qiladi. Shu magsadda MATLAB tizimini o‘quv jarayoniga
kengroq joriy etish bo‘yicha takliflar ishlab chiqildi. MATLAB tizimining SimPowerSystems
biblioteka to‘plami Simulink platformasining maxsus kutubxonasi bo‘lib, elektr qurilmalarini
imitatsion modellashtirish imkonini beradi. Ushbu kutubxonada passiv va aktiv elektr elementlar,
shuningdek, energetik tizimlarning matematik modellarini yaratish mumkin.

1-rasm. Yarimo ‘tkazgichlar fizikasi fanida imitatsion modellashtirish

Ishlab  chiqilgan  imitatsion model “Yarimo‘tkazgichlar  fizikasi”  fanining
“Yarimo’tkazgichlarning volt-amper va volt-vatt xarakteristikalarini o‘rganish” mavzusidagi
laboratoriya mashg‘ulotiga bag‘ishlangan. Ushbu model yordamida Simulink va
SimPowerSystems’ning imkoniyatlaridan foydalanib quyidagi masalalar hal etiladi:

— Qurilmalarning ishlashini imitatsiya gilish;
Tizimning rejimlarini hisoblash;
Uchastkaning impedansini (to‘la qarshiligini) aniqlash;
Chastotaviy xarakteristikalarni olish;
Tok va kuchlanishlarni tahlil gilish.
Bundan tashgari, murakkab elektr tizimlarni modellashtirishda imitatsion va tarkibiy
modellashtirish usullaridan birgalikda foydalanish ham mumkin.
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2-rasm. Quyosh fotoelektr stansiyasining volt-amper va volt-watt diagrammalari

Modellashtirish natijasida quyosh fotoelektr stansiyasining asosiy elektr parametrlarini
ifodalovchi grafiklar hosil gilinadi:

« Volt-Amper xarakteristikasi — kuchlanish va tok o°zgarishini aks ettiradi;
« Volt-Watt xarakteristikasi — quvvat va kuchlanish bog‘ligligini ko‘rsatadi.

3-rasm. Fotoelementdan  chigayotgan
tok (a) va kuchlanish (b) diagrammalari

Ushbu imitatsion model, yarimo’tkazgichlarda elektr energiyasining ishlab chiqarish
jarayonlarini yanada optimallashtirish, quyosh stansiyalarining yuqori samaradorligini ta’minlash
uchun nazariy va amaliy asos yaratadi.

Texnika oliy ta’lim muassasalarida zamonaviy pedagogik va axborot texnologiyalaridan
foydalanish talabalar bilimini oshirishga hamda ularning o‘quv jarayonida faol ishtirok etishiga
xizmat qiladi. Interaktiv o‘qitish usullari yordamida talabalar amaliy va laboratoriya
mashg‘ulotlarida yanada faol bo‘lib, mustaqil izlanish va ijodiy yondashuv ko‘nikmalariga ega
bo‘ladilar. Shuningdek, axborot-kommunikatsiya texnologiyalaridan foydalanish ularning
elektron ta’lim resurslaridan foydalanish ko‘nikmalarini rivojlantiradi. Zamonaviy o°‘qitish
usullari orqali talabalar real muammolarni hal qilishga yo‘naltirilgan bilimlarni egallashadi, bu esa
kelajakda ularning yugori malakali mutaxassis bo‘lib yetishishlariga xizmat qiladi.
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p-Si/SiO2/CO:ZnO ASOSIDAGI MEMRISTORLIK XUSUSIYATINI O’RGANISH

J.X. Murodov!?, Sh.U. Yuldashev?, M.S. Mirkamiloval, U.E. Jurayev’.
Toshkent davlat texnika universiteti
2Nanotexnologiyalarni rivojlantirish markazi

So’nggi yillarda memristorlar (xotirali rezistorlar) xotira texnologiyalari va neyromorfik
hisoblash sohalarida katta gizigish uyg’otmoqda. An’anaviy xotira qurilmalaridan farqli o’laroq,
memristorlar o’zlarining qarshilik holatini kuchlanish yoki tok ta’sirida o’zgartira oladi va shu
holatni saglab qoladi. Bu xususiyat ularni yuqori zichlikli xotira elementlari, kam quvvat
sarflaydigan neyromorfik tizimlar va boshga innovatsion ilovalar uchun ideal nomzodga
aylantiradi. Sink oksid (ZnO) o’zining arzonligi va moslashuvchan xususiyatlari tufayli memristor
qurilmalari uchun istigbolli material hisoblanadi. Ushbu magqolada biz p-kremniy (p-Si)
substratida kremniy dioksidi (SiO2) gatlami va kobalt (Co) bilan legirlangan sink oksid (Co:ZnO)
asosida yaratilgan memristor strukturani o’rganamiz. Biz Co0:ZnO qatlamining memristorlik
xususiyatlariga ta’sirini, shuningdek, qurilmaning ishlash mexanizmlarini ko’rib chigamiz, bu esa
kelajakdagi memristor qurilmalarini loyihalash uchun yangi yo’nalishlar ochib berishi mumkin.

Ushbu ishda biz 10 % kobalt qo’shilgan ZnO asosidagi memristorlik xususiyatini o’rgandik.
P turdagi kremniy tagliklarga ultrasonik sprey piroliz usulida namunalarni o’stirdik. Kontakt
sifatida plyonkaga kumush (Ag), kremniy taglikka nikel (Ni) olindi. Namunalarni o’stirishda
ularni suvda eriydigan asetatlaridan foydalanildi. Barcha aralashmalar ikki marta distellangan
suvda eritilgan. Tayyor aralashma 2.5 MHz chastotada ishlovchi vibratorda bug’latilgan. Bug’'ni
yo’naltirish uchun kislarod gazidan foydalanilgan. Taglik temperaturasi 450° C da o’rnatilgan.

Tayyor namunalarni tuzilish va strukturasini o’rganishda elektron mikroskopdan
foydalanildi (SEM). Optik o’tkazuvchanligi spektometrda 300-500 nm oralig’ida kuzatilgan. Volt-
amper xarakteristikasini o’rganishda Keitley-2460 qurilmasidan foydalanildi.

Olingan natijalardan ko’rinib turibdiki namunaning VAX si gisterizdan iborat bu ularda
memristorlik xususiyati borligini ko’rsatadi. Ushbu tadqiqot natijalari Co bilan legirlangan ZnO
asosidagi memristorlarning neyromorfik hisoblash tizimlari uchun istigbolli materiallar ekanligini
ko’rsatadi.
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MAGNETIC FIELD-DEPENDENT FERMI ENERGY OSCILLATIONS IN TWO-
DIMENSIONAL ELECTRON GASES WITH LANDAU LEVELS

M.A. Mamatova, M.M.Obbozova, D.U. Xojiakbarova
Fergana State University

The density in a two-dimensional electron gas can be precisely controlled using a surface
gate, and the relationship between the change in density and the surface-gate voltage is linear,
allowing for predictable modulation of the electron system. When the electron density of states is
influenced by Landau levels in a magnetic field, the Fermi energy exhibits distinct behaviors
depending on whether a Landau level is pinned at the chemical potential or not, revealing crucial
insights into electron transport properties under different magnetic field conditions.We showed
that the density in a two-dimensional electron gas could be controlled by a surface gate. We know
that the relationship between change in density and change in a surface-gate voltage was linear.

In deriving this relationship we did not assume any particular shape for the density of states
of the electron gas. The only assumption was that the system behaved like an ideal capacitor.
Therefore Eqgn. 1 is as valid in a finite magnetic field as it is in zero field.

Figs. 1a,b show two different situations that arise when the density of states is formed from
Landau levels. In Fig. 1a a Landau level is at the chemical potential. If in this situation we use a
surface gate to remove a small number of electrons from the electron system the Fermi energy Ex
will not change much because in the centre of a disorder broadened Landau level the states are
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close together in energy. Removing one electron only changes the energy by an amount equal to
the next energy spacing. The Landau level is said to be pinned at the chemical potential.

Fig. 1. Heterojunction interface occupied by a single two-dimensional electron gas.
(a) Landau level at the chemical potential pn. (b) Chemical potential p between Landau
levels.

€
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In Fig. 1b, there are no states at the chemical potential and in order to remove an electron,
the Fermi energy must shrink rapidly, bringing occupied states in the next Landau level to the
chemical potential. When the nt* Landau level is pinned at the chemical potential the Fermi energy

will be Ep = (n + %) hw,, to within the width of the disorder broadened Landau level, and it will

remain at this value until the density has been reduced by an amount n;, = eB/h, the density of
electrons in a Landau level, the Fermi energy will then jump to the next value Ep =

(n -1+ %) hw, and so on. This process is shown schematically in Fig. 2.

A

E

F

e

Shw
2

3h,

ho

| | >

0 BB B n
h h h

2D

Fig. 2. Fermi energy in a two-dimensional system as a function of carrier density at
fixed magnetic field B.

When we increase the magnetic field at fixed carrier density two things happen. Firstly the
density in each Landau level n, = eB/h increases and therefore in order for the carrier density
n,p = veB/h to remain constant the filling factor v must gradually reduce and successive
Landau levels with lower index n will pass through the chemical potential. Secondly the spacing
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between Landau levels increases and therefore whilst a particular Landau level is pinned at the
chemical potential the Fermi energy will increase to accommodate this energy. These factors
result in the Fermi energy oscillating as a function of magnetic field around its zero field value.

A n=6 n=5 n=4 n=3

~N=2

0 B
Fig. 3. Grey lines: Landau Fan E,, = (n + %) hw, as a function of B for n = 0..14.

Black line: The Fermi energy of a two-dimensional system as a function of magnetic field
at constant density. Horizontal dark grey line: Zero field Fermi energy.

As the magnetic field is increased at a fixed carrier density, the Fermi energy oscillates due
to changes in the density of states within Landau levels, with the energy gaps between these levels
modifying the electron transport. This oscillatory behavior of the Fermi energy as a function of
magnetic field demonstrates the interplay between quantum effects, Landau level formation, and
electron density in two-dimensional electron systems, offering important implications for
designing quantum devices.
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p-n O‘TISHLI DIODLARGA MAGNIT MAYDON TA’SIRINI O‘RGANISH

G.N.Majidova, F.R.Muxitdinova, Sh. Malikov
Namangan Davlat Texnika Unversiteti, Islom Karimov ko ‘cha 12 uy,
Namangan 160103, Uzbekiston
gmail: m.gulnoza.1985@gmail.com,

Bugungi kunda p-n o'tishlarga magnit maydon ta'sirini o‘rganish yarimo‘tkazgichlar fizikasi
va optikasi sohasida juda muhim tadqiqot yo‘nalishidir. Bu sohada olib borilayotgan ishlar, p-n
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o'tishlarning elektr va optik xususiyatlarini yaxshilash va ulardan samarali foydalanish
imkoniyatlarini yaratishga garatilgan. Magnit maydon p-n o'tishlarga turli xildagi ta'sirlarni
ko‘rsatishi mumkin, aynigsa, elektro-magnit xususiyatlarni o‘rganishda muhim rol o‘ynaydi.

Alohida to’htaladigan bo’lsak, magnit maydon p-n o'tishlari orgali ogimning
harakatlanishini o‘zgartirishi mumkin, bu esa p-n o'tishlarning samaradorligini yoki ularning tok
o'tkazuvchanligini o‘zgartiradi. Magnit maydonning Kkiritilishi, ayniqsa, Hall effekti orqali
o‘rganiladi. Hall effekti p-n o'tishlarida, magnit maydonning ta'siri orgali elektronlar va teshiklar
orasidagi ajralishni tahlil gilishga yordam beradi.

P-n o'tishlaridan tashkil topgan yarimo’tkazgichli qurilmalarda masalan diodlar va
tranzistorlarning ishlashiga magnit maydonning ta'sirini o‘rganish, magnitrezistorlar (MR) va
yadro magnit rezonans (NMR) texnologiyalarining rivojlanishiga yordam beradi.

Bunday tadqiqotlar esa yarimo’tkazgichli qurilmalarning yuqori tezlikda ishlashi va
energiya samaradorligini yaxshilashga imkon beradi. Magnit maydon va p-n o'tishlaridagi
ta'sirlarni o‘rganish jarayonida yangi materiallar, xususan, 2D materiallar (grafen, molibden
disulfid va boshqalar) va nano-tuzilmalarda p-n o'tishlarning xususiyatlarini o‘rganish amalga
oshirilmoqda. Bu materiallar magnit maydon bilan muomala qilishda yangi Xxususiyatlar
ko‘rsatishi mumkin.

Biz esa ushbu ishimizda p-n o‘tishli diodga magnit maydon ta’sir etganda

yuzaga keladigan fizik jarayonlarni tahlil gilganmiz. Agar p-n o’tishli diodga magnit
maydon ta’sir etmasa, hajmiy zaryad kengligida elektr maydon p va n sohalarda esa diffuziya
jarayonlari muvozanat holatiga bog‘liq holda maydon ta’sirida o‘tayotgan zaryad tashuvchilar
bilan diffuziyalanayotgan zaryad tashuvchilar teng bo‘lguncha almashinish bo‘lib turadi (1- rasm).

Hajmiy zaryad soha kengligi va p-n o‘tish potensial to‘sig‘ining balandligi diod p-n o‘tish
kesimi bo‘ylab bir xil bo‘ladi.

p-n o‘tishli diodga magnit maydon qo‘yilganda elektron va kovaklar magnit maydoni va tok
yo‘nalishiga perpendikular ravishda og‘adilar. Buning natijasida yuzaga kelgan Xoll kuchlanishi
diodning p-n o‘tishdagi xajmiy zaryad sohasini tubdan o‘zgartirib yuboradi. p-n o‘tish kesimining
turli sohalarida xajmiy zarad galinligi va p-n o‘tish potensial to‘siq balandligi o‘zgaruvchan bo‘lib
goladi. Magnit maydoni ta’sirida p-n o‘tishli dioddagi hajmiy zaryad sohasining kengligini
o‘zgarishi sxematik ravishda 2- rasmda tasvirlangan.

Lorens kuchi ta’sirida n va p sohada elektron va kovaklarning traektoriyalarida burilishi
natjjasida zaryadlarni na’munaning chetlariga haydaydi. Buning natijasida potensial to‘siq
o‘zgaradi va p-n o‘tishning qarshiligini keskin o‘zgarishiga sabab bo‘ladi. Qarshilik ortib tokni
kamayishiga olib keladi. Potensial to‘siq balandligi ortadi.

Magnit maydon ta’sir ettirilsa ideal diodlar uchun qo’llanilgan Shokli ifodasi o’zgacha
ko’rinishga keladi.
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1-  rasm. Magnit maydoni 2-rasm. P-n o‘tishning hajmiy soha

bo‘lmaganda p-n o‘tishning hajmiy Kkengligini magnit maydon ta’sirida o‘zgarishi
zaryad soha kengligi
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p-n o’tishli diodlarning baza qarshiligini hisobga olsak (1) ifoda (2) bilan almashinadi.
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Ideal diodning VAXni o‘zgarishini solishtirib ko‘rsak qo‘yidagilarni (3-rasm) kuzatishimiz
mumkin.

Tashqi magnit maydon ta’sir bo‘lganda ham diodning VAX si o‘zgarishi kuzatilar ekan.
Magnit maydonda B ni oshirib borsak diodning VAXi JU tekisligida kichik toklar va katta
kuchlanishlar tomon surilishi kuzatiladi. Magnit maydonni ortirib borilsa diodda yuqori
kuchlanish berilsa ham undan o‘tayotgan tokni kamayib borishiga sabab bo‘lar ekan.
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3-rasm. a) Shokli ifodasiga asosan va magnit maydon ta’sirida olingan VAX
b)Magnit maydon ta’sirida VAX ni o‘zgarishi

C) tokning turli qiymatlari uchun U ni Bga bog‘liqligi

d) kuchlanishlarning turli qiymatlari uchun J ni Bga bog‘liqligi
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Bundan ko’rinadiki magnit maydoni ta’sirida VAX JU-tekisligida surilishi namoyon
bo‘lmoqda. p-n o‘tishga magnit ta’sir ettitilganda tok kuchi kamayib kuchlanish ortar ekan.

Magnit maydon ta’sirida hosil bo‘lgan Lorens kuchi va Xoll kuchlanishi hajmiy zaryad
sohasini trapetsiyasimon bo‘lishiga olib keladi. Bu esa hajmiy soha kengligida tok o‘tishini
kamayib borishiga sabab bo‘ladi.
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INVESTIGATION OF THE FERMI SURFACES OF TWO-DIMENSIONAL
ELECTRON GASES VIA MAGNETOTUNNELING SPECTROSCOPY

M.A.Mamatova, M.N Toshtemirova
Fergana State University

Magnetotunneling spectroscopy serves as an effective method for studying the tunneling
conductance changes of two-dimensional electron gases under the influence of an applied
magnetic field, enabling the observation of structural changes in the Fermi surfaces of these
systems. Electron tunneling spectroscopy can be used to investigate the Fermi surfaces of two-
parallel two-dimensional electron gases if they are sufficiently weakly coupled but close enough
to allow tunneling. The upper inset in Fig. 1 shows an electronic device that can be used for this
purpose.
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Fig. 1. Device structure and magnetotunnelling conductance (a) experiment (b)
theory for tunnelling between two parallel two-dimensional electron systems.

The graph illustrates the relationship between tunnel conductance and the applied magnetic
field B(T). Conductance decreases sharply as the magnetic field increases, indicating suppressed
tunneling states. The insets depict changes in the Fermi surface, showing modifications in
electronic states with increasing B. A peak at B¢ (~6T) suggests a possible quantum transition or
resonant tunneling effect. This behavior demonstrates the significant role of magnetic fields in
quantum transport phenomena.

The basic device consists of two parallel two-dimensional electron systems separated by a
125A AlGaAs barrier in a GaAs-AlGaAs heterostructure. Metallic contacts connect to the upper
and lower two-dimensional systems independently so that current passed from the left contact to
the right contact must pass through the upper two-dimensional system, tunnel across the barrier
and pass out through the lower two-dimensional system. Independent contact to the two layers is
achieved by applying a negative bias to narrow top and bottom gate. They are are shown as black
rectangles on the upper and lower surfaces of the device and marked ‘a’ and ‘b’ in the inset figure.
Negative voltages applied to these gates can be tuned so that they cut off the two-dimensional
electron system closest to them.

A central metallic gate on the upper surface of the device can be used to change the relative
carrier densities in the two quantum wells and therefore control tunneling between the two-
dimensional systems. The magnetotunnelling experiment consists of measuring the equilibrium
tunneling differential conductance di/dV (I is the current passing between layers and V the
potential difference between layers) as a function of an externally applied magnetic field placed
parallel to the two two-dimensional planes and also as a function of the relative carrier densities
of the two systems. The term ‘equilibrium’ here refers to the fact that the voltage V is made
sufficiently small that it can be ignored in considering the individual properties of the two electron
systems.

In equilibrium the two electron systems have the same chemical potential because the barrier
between the two quantum wells is sufficiently narrow to allow electrons to tunnel between the two
guantum wells. This is shown in the inset to figure 1. At low temperatures the tunneling is
restricted, by Fermi statistics, so that it only occurs at the device chemical potential and therefore
between the Fermi surfaces of the two two-dimensional electron systems. Tunnelling is further
restricted by conservation of momentum and therefore conservation of wavevector. The
equilibrium tunnelling conductance of the device is then given by the overlap integral of the Fermi-
surface spectral densities of the two-two-dimensional electron systems.
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The wave functions in a two-dimensional system are plane waves
— plkyx ,ikyy
ka'ky =e™xrey

and have a dispersion of the form
2

Ex ok, = oo (kZ + k3)

Hence, at the Fermi surface where Ey k, = Er here is only finite spectral density on a ring
with

ki = kZ + kj, where k. is the Fermi wave vector, as shown in Fig. 2.

The effect of a parallel magnetic field is to shift the two spectral functions relative to one-

another in k-space. Schrédinger’s equation in a magnetic field has the form
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In a parallel magnetic field B = (B,, B,,0) we can use the Landau gauge for the vector
potential A = (B, z, —B,z,0).
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Fig. 2. Spectral density of a two-dimensional electron gas at its Fermi energy - the
Fermi we get
For the we device in Fig. 1, centering the upper two-dimensional system at z = 0 and the
lower two-dimensional system at z = —d the respective Schrodinger equations have the form
2 2 2
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The form of the traces in figure [1.2] can readily understood in terms of a model consisting
of the overlap between the two Fermi surface rings of two two-dimensional electron gases. The

Px px_eBxdﬁ kx_>kx_

py - py+eByd=> ky—>ky+
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theory (b) parts to each of these figures show examples of the relative positions of the two Fermi
surfaces.

Magnetotunneling spectroscopy provides insights into the Fermi surface structure of two-
dimensional electron gases by analyzing their tunneling conductance under an external magnetic
field. The experiment demonstrates that the application of a parallel magnetic field shifts the Fermi
surfaces in momentum space, modifying the tunneling conditions and restricting electron transport
due to wave vector conservation. The theoretical model confirms that tunneling conductance is
governed by the overlap integral of the Fermi-surface spectral densities, which depends on the
relative displacement of the electron wave vectors. These findings contribute to the fundamental
understanding of quantum coherence and momentum conservation in low-dimensional systems,
with potential applications in spintronics and advanced semiconductor devices.
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DEFECTS IN SEMICONDUCTORS AND THEIR IMPACT ON
PHOTOELECTRIC PROPERTIES

M.B. Yusupjanova, Z.J. Jakhanova
Tashkent State Technical University named after Islam Karimov, Tashkent, Uzbekistan

Semiconductors play a vital role in modern electronics and optoelectronics, with their
efficiency being largely dependent on their structural composition. The presence of defects in
semiconductor materials can significantly influence their electrical, optical, and photoelectric
properties. These defects, which may arise during fabrication or due to environmental factors, can
either enhance or degrade device performance depending on their nature and distribution.

Enhancing the photoelectric properties of semiconductors requires a thorough analysis and
effective control of structural defects. By understanding how different types of defects impact
photoelectric processes, researchers can develop strategies to minimize their adverse effects and
optimize material performance.

This study focuses on examining the influence of various defects on semiconductor
photoelectric behavior. Through detailed analysis, we aim to provide insights into defect
engineering techniques that can improve the efficiency and reliability of semiconductor-based
devices, including solar cells, photodetectors, and other optoelectronic applications.

According to scientific sources, defects in semiconductors primarily consist of point defects,
dislocations, grain boundaries, and foreign impurities, all of which significantly affect the
following aspects:
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Charge carrier mobility and recombination processes [1]. Defects can act as trapping centers,
altering charge transport mechanisms and reducing carrier lifetimes, which directly impact the
overall efficiency of semiconductor devices.

Photoelectric conversion efficiency and light absorption capability [2]. Structural
imperfections can influence bandgap energy, surface states, and optical absorption properties,
thereby affecting the semiconductor's ability to convert light into electrical energy.

Methods for defect reduction, including doping and passivation [3]. Controlled doping can
modify the electronic properties of the material, while passivation techniques help mitigate the
negative effects of defects by stabilizing the semiconductor surface and minimizing recombination
losses.

Recent studies indicate that optimizing defects through advanced material processing
techniques can significantly enhance the photoelectric properties of semiconductors. By carefully
controlling defect formation and implementing effective mitigation strategies, it is possible to
develop high-performance semiconductor materials with improved efficiency for applications in
photovoltaics, optoelectronic sensors, and other advanced technologies.

In this study, both experimental and theoretical analysis methods were employed to
investigate the impact of defects on semiconductor properties:

Experimental Investigation — Semiconductor samples were fabricated using various
technological processes, and the effects of defects on microstructure and electrical characteristics
were systematically analyzed. This approach allowed for a direct assessment of defect-induced
variations in material performance.

Spectroscopic Analysis — The optical effects of defects were identified using Raman
spectroscopy and photoluminescence techniques. These methods provided insights into defect-
related structural changes and their influence on the electronic and optical properties of the
material.

Theoretical Modeling — The impact of defects on the electronic structure was evaluated
through quantum mechanical calculations and Density Functional Theory (DFT) simulations.
These computational methods helped in predicting defect behavior and understanding their role in
modifying semiconductor properties.

By integrating experimental observations with theoretical modeling, this research aims to
develop a comprehensive understanding of defect dynamics and their implications for the
photoelectric performance of semiconductors.

The results of the study indicate that:

Defects increase the recombination rate of charge carriers, leading to a reduction in
photoelectric efficiency. Structural imperfections introduce recombination centers that decrease
carrier lifetime, ultimately lowering the overall performance of semiconductor-based photovoltaic
and optoelectronic devices.

Grain boundaries and dislocations can disrupt the electric field, affecting charge transport.
These structural defects create localized potential variations that hinder carrier mobility and
contribute to non-uniform electrical behavior within the material.

The detrimental effects of defects can be mitigated through doping and passivation
techniques. Controlled doping can alter the electronic properties to compensate for defect-induced
losses, while passivation stabilizes surfaces and reduces unwanted recombination processes.
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These findings are crucial for optimizing semiconductor materials and developing high-
efficiency photoelectric devices. By minimizing defect-related losses, researchers can improve the
performance and reliability of next-generation optoelectronic and photovoltaic technologies.
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BI:-TE; ASOSIDAGI TERMOELEKTRIK MATERTALLARNING
XUSUSIYATLARIGA LEGIRLOVCHI KIRISHMALAR TA’SIRINI O‘RGANISH

Sirojiddinova Sarvinoz Zafarjon qizi
Farg ‘ona davlat universiteti doktoranti

Hozirgi kunda jamiyat oldida turgan eng muhim muammolardan biri insoniyatni energiya
bilan ta’minlashdir. Energiya ishlab chiqarish, tagsimlash va turli xildagi energiya manbalarini
yaratishga garatilgan tadqgigotlar bilan bir gatorda energiya samaradorligi va uni tejashga
yo‘naltirilgan izlanishlar ham o‘sib bormoqda.

“Energiya ishlab chiqarish tizimlarida asosiy yo‘nalish hozirgacha issiqlik energiyasini
mexanik ish va elektr energiyasiga aylantirishga qaratilgan bo‘lib kelmoqda. Shu bilan birga,
fotovoltaika va termoelektrik effekt kabi to‘g‘ridan-to‘g‘ri energiya konvertatsiyasini amalga
oshiruvchi texnologiyalar ham jadal rivojlanmoqda. Termoelektrik generatorlar chigindi issiglikni
elektr energiyasiga o‘zgartirib, energiya samaradorligini oshirishda muhim rol o‘ynaydi. Ushbu
texnologiyalar tizimlarning energiya samaradorligini yaxshilash imkonini beradi va atrof-muhitga
salbiy ta’sirni kamaytiradi. Shunday ekan, termoelektrik qurilmalar energiya tejash va
samaradorlikni oshirish uchun kelajakka yo‘naltirilgan samarali yechim sifatida ko‘riladi."”

Xona haroratida ishlash uchun eng samarali termoelektrik materiallardan biri bismut telluridi
(BizTes) va uning qotishmalari hisoblanadi. Bu materiallarni issiqlik energiyasini elektr
energiyasiga aylantiruvchi termoelektrik generatorlar va elektr energiyasidan foydalangan holda
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harorat farglarini yaratadigan sovutgichlar uchun jozibador variantlarga aylantiradi. Legirlash,
ya'ni kristall panjaraga aralashmalar kiritish, Bi>Tes ni 0'z ichiga olgan materiallarning elektrofizik
xususiyatlarini magsadli ravishda o'zgartirish uchun foydali usuldir.

Turli xil va turli konsentratsiyadagi legirlovchi aralashmalar Bi.Tes asosidagi
materiallarning  termoelektrik  xususiyatlariga, xususan, Zebek koeffitsienti, elektr
o‘tkazuvchanligi va issiqlik o‘tkazuvchanligiga qanday ta’sir ko‘rsatishini aniqlash bugungi kunda
yarimo‘tkazgichlar fizikasining eng muhim va dolzarb yo‘nalishlaridan birini tashkil etadi.
Termoelektrik materiallar issiglik energiyasini to‘g‘ridan-to‘g‘ri elektr energiyasiga va aksincha
aylantira oladi. Termoelektrik materialning samaradorligi ZT = (a?c/x)T formula bilan
aniglanadigan o‘Ichovsiz kattalik yordamida baholanadi, bu erda a — Zebek koeffitsienti, ¢ — elektr
o‘tkazuvchanligi, k —issiqlik o‘tkazuvchanligi va T —absolyut harorat. ZT ganchalik yuqori bo‘lsa,
material issiglikni elektr energiyasiga yoki elektr energiyasini issiglikka shunchalik samaraliroq
aylantiradi.

Zebek koeffitsienti (o) materialda harorat gradiyenti mavjud bo‘lganda paydo bo‘ladigan
termoelektr yurituvchi kuchning kattaligini tavsiflaydi. Elektr o‘tkazuvchanligi (o) materialning
elektr tokini o‘tkazish qobiliyatini belgilaydi. Issiqlik o'tkazuvchanligi () materialning issiglikni
o‘tkazish qobiliyatini tavsiflaydi.

Dunyoning yetakchi mamlakatlaridagi ilmiy markazlar va universitetlar Bi.Tes asosidagi
qattiq qotishmalarga qotishma komponentlarini qo‘shish yo‘li bilan yuqori samarali
yarimo ‘tkazgich materiallarini yaratish bo‘yicha tadqiqotlar olib boradilar. Shu bilan birga, ular
legirlovchi komponentlarning Bi-Tes materialining elektrofizik va termoelektrik xususiyatlariga
ta’sirini atroflicha o‘rganmoqdalar.

Tadqiqotlar natijalari shuni ko‘rsatadiki, kirishma sifatida Cu kiritilishi Bi-Tes ning elektr
garshiligini oshiradi va tashuvchilar turini n-tipdan p-tipga o‘zgartiradi. Cu miqdori ortishi bilan
Zebek koeffitsiyenti ortadi, ammo elektr o‘tkazuvchanlik kamayadi. Kristall tuzilma saqlanadi,
ammo antisayt defektlari hosil bo'ladi. Cu bilan legirlash xona haroratida ferromagnetizmni paydo
giladi va chizigli magnetorezistivlikni kamaytiradi. Yangi spark-plazma sintezlash usuli bilan Cu
qo‘shilishi elektr o‘tkazuvchanlikni keskin oshirib, zaryad tashuvchilar konsentratsiyasi va
harakatchanligini yaxshilaydi. Quvvat omili rekord ko‘rsatkichga yetadi, ZT ~ 1 gacha oshadi [1].

Legirlovchi sifatida Ni qo‘shilganda Bi.Tes da p—n o'tish yuz beradi, bu zaryad tashuvchilar
turini va konsentratsiyasini o‘zgartiradi. N1 nanopartikullari zaryad tashuvchilarning sochilishini
kuchaytirib, termoelektrik xususiyatlarni optimallashtirishga imkon beradi.

Cu bilan legirlash elektr o‘tkazuvchanlikni keskin oshirgan — Xoll o‘lchovlari natijalariga
ko‘ra, Bi.Tes ga 2-6 at.% (atom foiz) mis qo‘shilganda bir vaqtda zaryad tashuvchilar
konsentratsiyasi va harakatchanligi oshganligi gayd etilgan. Bu esa g‘ayrioddiy holda ikkala
ko‘rsatkichning birgalikda yaxshilanishidir. Buning sababi: Cu atomlari panjarada interstitsial
yoki substitutsion o‘rinlarni egallab, ionlashgan nopok atomlar tufayli yuzaga keluvchi sochilishni
kamaytiradi. Cu miqdori ortishi bilan Zeebek koeffitsiyenti deyarli o‘zgarmagan. Natijada
qarshilikning harorat koeffitsiyenti pasayib, xona haroratida material ko‘proq metallga xos
xususiyatini namoyon giladi. ¢ (elektr o‘tkazuvchanlik) Zebek ko‘rsatkichini pasaytirmagan holda
oshgani sababli, quvvat omili (6-S?) ~45 uW cm™ K2 ga yetgan — bu ko‘p kristalli n-tip Bi.Tes
uchun rekord daraja. Maksimal ZT ham mos ravishda 300 K da ~1 ga yetgani gayd etilgan [2].

p-tip (Bio.sSb1.s)Tes materialiga Ni legirlash jarayonida, Sb ning Ni bilan almashtirilishi
zaryad tashuvchilar konsentratsiyasini oshiradi, maksimal ZT = 1,38 ga erishilgan. Ni qo‘shilishi
ichki eksitatsiyani kamaytirib, yugori haroratda bargarorlikni yaxshilaydi (1-rasm) [3].
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1-rasm. BiosSb1s-xNixTez materialining Zeebek koeffitsiyenti va termoelektrik
samaradorlik ko‘rsatgichining temperaturaga bog‘liqligi
Bi2Tes ga Se qo‘shilganda bant oralig‘i kengayishi va bipolyar o‘tkazuvchanlik kamayishi,
optimal tarkibda esa ZT maksimal 1-1,1 ga yetishi kuzatilgan [5].

Xitoy olimlari Jiepu Sun, Zhong Shu va boshqalarning olib borgan tadgigot ishlarida
ko‘rishimiz mumkinki, Bi>Tes—Sb.Tes tizimida Sb bilan legirlash orqali p-tip o'tkazuvchanlik hosil
gilingan va optimal termoelektrik samaradorlik Bio.sSbi.sTes tarkibida kuzatilgan. Nano-
cho‘kindilar yordamida Sb legirlangan Bi>Te.7Seo.3 tarkibida maksimal ZT > 1,2 ga erishilgan

[6].

Bi:Tes materialining elektrofizik va termoelektrik xususiyatlarini o‘rganish borasida oliy
o‘quv yurtimiz olimlari ham samarali tadqiqot ishlari olib bormoqdalar. Xususan, professor
K.Onarqulov hamda T.Azimovlarning ilmiy tadqiqot ishlarida ko‘rishimi mumkinki,
Bi:Te2.88S€0.12 materialiga Ni va Cu bilan birgalikda legirlash materialning elektron
tashuvchanligini oshirib, elektr o‘tkazuvchanlikni yuqori darajaga ko‘targanligi natijasida
namunaning quvvat omili giymati oshib, aynigsa xona harorati atrofida maksimal giymatlarga
erishishi mumkinligini gayd etilgan.

o, uB/K 1. Wim'K
o, k0’'m’ ZK'
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2-rasm. Bi2 Te2,88 Se0,12+Ni+Cwu materiali termoelektrik parametrlarini
temperaturaga bog‘ligligi [8].
O‘Ichangan asosiy parametrlar Zeebek koeffitsienti (o), elektr o‘tkazuvchanlik (o), issiglik
o‘tkazuvchanlik (y) va termoelektrik samaradorlik ko‘rsatkichi (ZT) bo‘lib, namunanining Zeebek
koeffitsienti (o) 370 K gacha oshib, 180 puV/K maksimal giymatga yetgani, keyin esa asta-sekin
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kamayishini (2-rasm, pushti egri chiziq) ko‘rish mumkin. Bu esa yuqori haroratlarda tushish
tashuvchilar konsentratsiyasining ortishi bilan bog‘liq.

Xulosa o‘rnida aytishimiz mumkinki, Bi>Tes asosidagi termoelektrik materiallarga Cu, Ni,
Se va Sb kabi legirlovchi elementlarni kiritish orgali ularning elektrofizik va termoelektrik
xususiyatlarini samarali tarzda yaxshilash mumkinligini ko‘rsatadi. Legirlovchi elementlar Zeebek
koeffitsiyenti, elektr va issiqlik o‘tkazuvchanliklariga ta’sir ko‘rsatib, materiallarning
termoelektrik samaradorlik ko‘rsatkichini (ZT) oshirish imkonini beradi. Xususan, Cu bilan
legirlash elektr garshiligini oshirib, zaryad tashuvchilar turini o‘zgartirsa, Ni bilan legirlash zaryad
tashuvchilar konsentratsiyasi va harakatchanligini optimallashtiradi. Se qo‘shilganda bant oralig‘i
kengayib, bipolyar o‘tkazuvchanlik kamayadi va Sb bilan legirlash orqali esa maksimal ZT
ko‘rsatkichiga erishish imkoniyati mavjud bo‘ldi. Bu natijalarni tahlil qilish orqali kelgusidagi
ilmiy tadqiqot ishlarimizda Bi.Tes asosidagi termoelektrik materiallarga turli o‘lchovlarida Ni
kiritish orgali uning samaradorligini oshirish usullarini yaratishni hamda bu bilan materialning
amaliy qo‘llanish doirasini kengaytirib, kelajakda energiya samaradorligini oshirish va atrof-
muhitga salbiy ta’sirni kamaytirishda o‘z xissamizni qo‘shishni magsad qilib oldik.
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LAZER BILAN INDUKSIYALANGAN GRAFEN ASOSIDAGI FIZIK VA
KIMYOVI1Y SENSOR MEXANIZMLARI

Umarova Feruza
Chirichiq davlat pedagogika universiteti Fizika va kimyo fakulteti talabasi

Zamonaviy sensor texnologiyalari sanoat, tibbiyot, ekologik monitoring va boshqga ko‘plab
sohalarda muhim rol o‘ynaydi. Ushbu maqolada lazer bilan induksiyalangan grafen (LIG) asosida
yaratilgan fizik va kimyoviy sensorlarning ishlash tamoyillari, ularning afzalliklari, kamchiliklari
va qo‘llanilish sohalari keng tahlil gilinadi.

LIG — bu lazer nurlari yordamida polimer materiallardan hosil qgilinadigan uch o‘Ichovli
(3D) ko‘p govakli grafen tuzilma bo‘lib, quyidagi asosiy xususiyatlarga ega:

Yugori elektr o'tkazuvchanlik

Egiluvchanlik va elastiklik

Kimyoviy va termal bargarorlik

Katta sirt maydoni va yuqori sezgirlik

Bu xususiyatlar LIG asosidagi sensorlarning yuqori sezgirlikka ega bo‘lishi va keng
go‘llanilishiga sabab bo‘ladi.

1. Lazer bilan induksiyalangan grafen (LIG) hagida umumiy tushuncha

LIG olish jarayonida polimer sirtiga lazer nurlari yuboriladi, natijada material yuzasida
uglerod atomlari qayta taqsimlanib, grafen gatlamlari hosil bo‘ladi. Bu jarayon quyidagi
xususiyatlarga ega.

Ishlab chigarish soddaligi — an'anaviy grafen olish usullariga nisbatan tezroq va arzonroqg.

Ekologik xavfsizligi — kimyoviy reaktivlardan foydalanilmaydi, bu esa atrof-muhitga zarar
yetkazmaydi.

Moslashuvchanligi — LIG har xil substratlar ustida hosil gilinishi mumkin, masalan,
plastmassa, to‘qimachilik yoki qog‘oz.

Misollar: 1.Polimid substratida hosil gilingan LIG — yugori mexanik mustahkamlikka ega
bo‘lib, egiluvchan sensorlar uchun ishlatiladi.

2. Qog‘oz asosidagi LIG — ekologik toza va arzon sensorlar uchun mos keladi.

3. To‘qimachilik substratida LIG — kiyiladigan aqglli texnologiyalar uchun asos yaratadi.

2. LIG asosidagi fizik sensorlar.

2.1. Harorat sensorlari. LIG ning yuqori elektr o'tkazuvchanligi va haroratga bog‘liq
qarshilik o‘zgarishi uni samarali harorat sensori sifatida ishlatishga imkon beradi. Asosiy
xususiyatlari: , tezkor javob berish ,keng harorat diapazonida ishlash moslashuvchan va
egiluvchan tuzilma .

Misollar: 1. Tibbiyotda — tana haroratini o‘lchash uchun kiyiladigan qurilmalar.

2. Sanoatda — ishlab chigarish jarayonlarida issiglik monitoringi.

3. Kosmosda — sun’iy yo‘ldoshlar uchun termal nazorat tizimlari.

2.2. Bosim va deformatsiya sensorlari

LIG ning egiluvchanligi va o‘zgaruvchan qarshiligi uni bosim va deformatsiyaga sezgir
giladi. Asosiy xususiyatlari: oliy sezgirlik , katta deformatsiya diapazoni, gattiq va moslashuvchan
substratlar bilan ishlash imkoni.

Misollar: 1. Tibbiyotda — yurak urishini o‘lchaydigan egiluvchan datchiklar.

2. Robototexnikada — robot qo‘llari uchun sezgir sensorlar.
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3. Sport texnologiyalarida — sportchilarning oyoq bosimini tahlil gilish uchun maxsus
tagliklar.

3. LIG asosidagi kimyoviy sensorlar.

3.1. Gaz sensorlari. LIG gaz molekulalarini adsorbsiyalash xususiyatiga ega bo‘lib, uning
elektr xususiyatlari gaz mavjudligiga bog‘liq ravishda o‘zgaradi.

ELECTROC

a PN

Asosiy xususiyatlari: Juda past kontsentratsiyadagi gazlarni aniglash gobiliyati, tezkor javob
va tiklanish vaqti, moslashuvchan va bardoshli tuzilma.

Misollar: 1. CO2 monitoringi — ekologik monitoring uchun ishlatiladi.

2. H2S aniglash — neft sanoatida xavfsizlik tizimlarida qo‘llanadi.

3. NHjs deteksiyasi — gishloq xo0‘jaligida ammiak miqdorini kuzatish uchun ishlatiladi.

3.2. Biomarker sensorlari. LIG asosidagi biosensorlar inson organizmidagi turli
biomarkerlarni aniglashda ishlatiladi.

Asosiy xususiyatlari: yuqori sezgirlik, tezkor diagnostika imkoniyati, kichik o‘lcham va
qulay interfeys

Misollar: 1.Diabet uchun glukoza sensori — qondagi shakar migdorini aniglash.

2. Saraton biomarkerlarini aniglash — erta bosgichda tashxis qo‘yish.

3. Virus va bakteriyalarni aniglash — pandemiyalar oldini olish uchun.

4. Qo‘llanilish sohalari va istigbollar.

LIG asosidagi sensorlarning asosiy qo‘llanilish sohalari: tibbiyot — yurak urishi, gon bosimi
va gon tarkibini kuzatish, ekologiya — havo sifati monitoringi va atrof-muhit xavfsizligini
ta’minlash, sanoat — avtomatlashtirilgan ishlab chigarish jarayonlarida sifat nazorati.

Bu jadval bizga LIG asosidagi fizik sensorlarning sezgirligi bo ‘yicha taqqoslashga yordam
beradi.
LIG asosidagi biologik sensorlarning ishlash samaradorligi bolishi lozim.
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Lazer bilan induksiyalangan grafen asosidagi sensorlar yuqori sezgirlik, arzon ishlab
chiqarish texnologiyasi va ekologik xavfsizligi tufayli ko‘plab sohalarda foydalanish uchun
qulaydir. Ular sog‘ligni saglashdan tortib, sanoat va atrof-muhit monitoringigacha bo‘lgan keng
ko‘lamli ishlanmalar uchun ideal hisoblanadi.

Ushbu texnologiya rivojlanishi bilan o‘ta sezgir, moslashuvchan va arzon sensorlar ishlab
chigish yanada kengayishi kutilmoqda.
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NCCIEJOBAHUE U HOJYYEHUSA DOPEKTUBHBIE TEPMOJJIEMEHTDBI
N3 JIETMPOBAHHBIX p-BiosSbi1sTes MATEPUAJIOB HA OCHOBE ITOJIMKPUCTAJI
JIOB TBEPJbIX PACTBOPOB TEJILIYPUJIA BUCMYTA

M.B.Haoues!, C.M.3aiinono6uaunosal, M.A.A6aysnaesa’, H.C.Kamonaunos®
V.A.IOnycos!
Y ®epeancrozo cocydapemesennozo ynusepcumema. 2. @epeana,yi. Mypabouii
ooml19,.150100,Y36exucman
“mbnabiev52@gmail.com
zajsapura@gmail.com

B pabote paccMOTpeHBI TEXHOJOTHS CHHTE3a MOJUKPHUCTAITMYECKUX IOIYdJIEMEHTOB U3
TBEpABIX pacTBOPOB Ha ocHoBe BixTes N — Tuma, umcmomsdyembix npu 300-500 K B
TEpMOTEHEepaTOpax  KOHIICHTPUPOBAHHOTO  COJHEYHOTO  WM3JIydeHHWs. TaM  TIOKa3aHa
3¢ (EeKTUBHOCTH METO/IA CILIABIICHHSI KOMITOHEHTOB TIPH OJTHOBPEMEHHOM JIETHPOBAHUH. 3a CUET
OTKJIOHEHHUSI OT CTEXHOMETPUU W BBEACHUS TNPUMECH, ONTHMHU3HPYIOTCS CBOIMCTBa OCHOBBI
TEPMODJIEKTPUUECKOTO BemecTBa. B pabore Obuta pazpaboTaH mMaTepuaia p — TUIIA HA OCHOBE
Bi2-«ShyxTes ¢ cocraBom BOMM3HM X~ 1,5 ISl UCMONB30BaHUS B MPEOOpPA30BATEISIX B YKa3aHHOM
BhIllle MHTepBajie Temmeparyp. Kak um B [1], mnpoOnema pacmmpeHus auamna3oHa pabodmx
TEMIEpaTyp B CTOPOHY OoJiee BBICOKMX pellajiach ONTUMHU3alMell KOHLEHTPAUU HOCUTeNeH
JIETUPOBAHUEM OCHOBBI.
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OOBIYHO, NP MOJIYYEHUU OCHOBBI p- TUIA HEJIETUPOBAHHYIO MIMXTY 000TramamT N30bITKOM
temypa (o 4%). Ilpu 3ToM, naxe eciau KpUCTasuIbl MOTY4aloT HAllPaBICHHON KpUCTauIh3auen
(BepTHKAJIBLHOTO 30HHOTO BBIpaBHMBaHUS) WM MeTonoM bpumkmena, [1]. Takoit pa3dpoc
00yCJIOBJICH BBINAJICHUEM H30BITOYHOTO TETypa BO BTOPYIO (asy.

Pacmmpenus pabouero nuamnazoHa TEMIEPATyp TEPMOAJIEMEHTOB MOXKHO JIETKO JOCTHUYb
COOTBETCTBYIOIIMM YBEJIMYECHUEM KOHIEHTPAIIMU [BIPOK 3a CUET OTKJIOHEHUS COCTaBa OT
CTEXMOMETPUHU WJIN YBEJIMYCHHS B MaTepUaje KOJIMUECTBA Jerupyromieit npumecu. Kak BugHo u3
puc.l. yBenMueHHE KOHIIEHTPALIUM HOCHUTEJICH 3apsjia BEIET K CHIDKEHUIO aMIudTyasl ZT
(Z=aoal y- Tepmosnexrpuueckas 3¢GeKTUBHOCTh MaTepHaia, « - Ko3dduuueHt repmosjc). [pu
YBEJIMYEHUHU KOHLIEHTPALIMK HOCUTENEH 3apsiia p CYLIECTBEHHO CHIXKAETCS ¢f, YTO B UTOTE BEACT
K yMeHblIeHUIO Z.TeXHONOorus J0JDKHA TO3BOJSATH COXPAHSATH IPHU JITUPOBAHUU BBICOKHE
3HAYCHUS Of ¥ B MaTepHaje, 4ero MOXKHO JOCTHYb OJHOBPEMEHHBIM OTKJIIOHCHHEM COCTaBa OT
CTEXMOMETPUU B CTOPOHY OOOTalIeHUs XaJlbKOT€HOM U JICTUPOBAaHUEM. YIIPaBIATh
KOHIICHTPAllMEe HOCUTENEH 3apsiia B TEPMODJIEKTPUUECKIX MaTepuanax yIo0HO JETHPOBAHUEM
MpU CO3/IaHUM OCHOBBI. [l cMHTE3a OCHOBBI, KaK W JUIsi Marepuaia N- tuma [1], BeIOpaHO
CIUJIaBJICHUE KOMITOHEHTOB B KBapIIEBBIX TUTJISIX O] JABJIEHUEM MHEPTHOTIO ra3a (B HAIIeM CiIy4yae

aprona). B kaduecTBe ChIpbs /I8 CIIJIaBJIEHUS OCHOBBI ObIII BBIOPAaH COCTaB TBEPOIo pacTBopa 74
MoIL.% ShoTes+ 26 mon. % BirTes.

7 \
yr 22 ] ] v, 4
F7 ST ST &7

Puc.1. TepmodiexkTpuyeckasi 106POTHOCTH TBepPAOro pacTBopa P-BiosShisTesc
Pa3INYHOIl KOHUEeHTpanueil IbIpok. st KpuBbIX 1-4  p1>p2>p3>ps[2]. 5,6 — Hamm
JAaHHbIE 1J15 MaTepuaJja ¢ u30bITkoM cBuHua 0,05 u 0,25 Bec.% cOOTBETCTBEHHO.

TepmoanekTpuyecKue CBOMCTBA HEETMPOBAHHBIX CIUIABOB 3aBUCAT OT YUCTOTHI UCXOJAHBIX
KOMITOHEHTOB. OOBIYHO CBOWCTBA CILJIABOB, TOJYYCHHBIX TOJI JABJICHHUSIM HHEPTHOTO Tasa,
COOTBETCTBYET ciieyromuii pasopoc napamerpos: 6=(800-/000) Om*-cm, a=(200-210) mxB/K.
B Hamewm crydae HeJerHpoBaHHas ocHoBa nMena o~1000 Omt e, =200 mxB/K. meHHO TH
3HAUEHUS O U ¢ CIYKUJIU KpUTEPHUEM OTOOpa MaTepuana OCHOBBL [Ipu 3ToM MakcuMaabHOE
3HaueHue ZT umerno Mecto B paiione 7~ 320-340K.

DddekTHBHBIE TEPMODIEMEHTHI U3 JIETHPOBaHHOTO BigsSh1s5Tes MOKHO MmosTydaTh, TOJIBKO
oOoramasi cocTtaB OCHOBbI XajdbKoreHoM. C Ienbl0 ONTHUMH3ALUU MapaMeTpPOB OCHOBBI
HCCJIEIOBAHO BIMsHUE 100ABOK TEJUTypa U CelieHa B CILIABJISEMYIO IIUXTY Ha €ro CBOMCTBA.

DKCIepUMEHT —TIOKa3all, 4To ocHoBa P-BilosSbisTes B 3aBucuMocTH OT TemmepaTypbl
CIUTaBIICHUS U IUaMEeTpa THUTIIS AOJKHA conepxkats ot 0,25 mo 1,0 Bec.% u30bITKa Temypa.

B cBs13u ¢ TeM, 9YTO OCHOBHBIM KPUTEPUEM JIJIsl BBIOOPA OCHOBBI B KAUECTBE MOy JIEMEHTOB B
TEepPMOIIPeoOpa3oBaTeNsaX SBISACTCS CABUT pabodMX TEeMIEpaTyp BellecTBa B CTOpPOHY Oolee
BBICOKHMX TeMIIepaTyp, HaMU HCCIIE0BaHbl TEMIIEPATYPHbIE 3aBUCIMOCTH TEPMOIIEKTPUUECKUX
MapaMeTpOB OCHOBBI C PA3IMUHBIM COJIEPKaHUEM CBUHIIA. AHATU3UPYS 3T 3aBUCHMOCTH MOXKHO
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3aKJIIOYUTh, YTO HanOoJIee ONTUMAIBHBIMU JIJIS TIOTYYEHHS] OCHOBBI SIBJISIOTCS 1OOABKU CBUHIIA B
konmmyectBax ot 0,25 mo 0,4 Bec.%.

Ecnu npu aHaiu3e JaHHBIX OT KOd(D(HIMEHTa TepMOdJIEKTPHUECKOH MOIIHOCTH 2o
nepeiTu K Ko3hOHIMEHTY T0OPOTHOCTH o 6T/y, MOKHO YOemUTHCA, 4TO MOCICIHUN apaMeTp
B unHtepBaie 300-500K ocraercss mpakTudecku HeM3MeHHbIM. C y4eTOM 3TOro i CHUHTE3a
MOJTY3JIEMEHTOB p-THUIIa ObLIa 0TOOpaHa OCHOBA, JierupoBanHas 0,25 Bec.% CBHUHIIA.

Jis momydeHusi pabodero BEIIECTBAa, OCHOBA, CIUIABJIEHHAs MO TEXHOJIOTHUH OMHMCAHHOMN
BBIIIIC, M3MENTbYalach 10 MEJIKOH (hpakuuu, Kak onrcaHo B [1,4].

[Tomon mocne nepeMmelnBaHus IMOCIEAOBATEIBHO IOJBEPrajcs XOJIOAHOMY U ToOpsaYeMy
IIPECCOBAHUIO M TEPMOOTKUTY. TeMiieparypa ropsiuero npeccoBanus Bappruposanack oT 300 1o
400°C. IIpeccoBaHue MPOAOIIKAIOCH B TCUSHUU 5 MUH.

1.2¢dexkTUBHBII TEPMOITEKTPUUECKUN MaTepUall, TOJTYYSHHBIN 1O ONMKUCAHHOW TEXHOJIOTHH,
UMEeT TeMIlepaTypHbIe 3aBUCUMOCTH napameTpa ZT, n300paxeHHbIe KpUBBIMU 5 U 6 Ha puc.l.
2.CpaBHEHUE ITUX KpUBBIX ¢ ApyruMu (1-4) nokassiBaeT, 4TO MOCTaBIEHHAs 1I€Jb — YBEJIUUYEHUE
TEMIEPATYPHOTO JIMaIa3oHa padoyux TeMIIEpaTyp B CTOPOHY UX YBEJIUYEHUS - TOCTUTHYTA.

3.Pa3zpaboTaHHbIil MaTepHal p-TUIIA, @ TAKXKE ITOIY3JIEMEHTHI N-TUTIA, TEXHOJIOTHS ITOTYYCHHS
KOTOpeIX JaHa B [l], wmoryr coctaButh 3¢GGEKTUBHYIO TMapy TpU  CO3JAHUU
TepMoIipeodpaszoBareseit s paboyero nuanazona remmepatyp 300-500K.
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O‘ZBEKISTONDA PULLIK YO’LLAR UCHUN 3.8GHz CHASTOTADA
ISHLOVCHI PAST SHOVQINLI KUCHAYTIRGICH (LNA) DIZAYNI VA UNING
SAMARADORLIGINI OSHIRISH

Ashurov Bekzod, Murod Kurbanov
Sharof Rashidov nomidagi Samargand davlat universiteti Muhandislik fizikasi instituti,
Samargand sh.
E-mail: bekzodjonashurov0711@gmail.com

Kirish

Signalni Antenandan gabul giluvchining birinchi faol kuchaytirish komponenti bu LNA (Low
Noise Amplifier - past shovqinli kuchaytirgich). LNA ning asosiy vazifasi signalni kuchaytirish
va keyingi bosgichning shovqinini sigishdir, shu bilan birga iloji boricha kamrog shovqin
qo’shishdir. RF qabul qilgichining ishlashiga sezilarli ta’sir ko’rsatadigan komponent bu LNA
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hisoblanadi. Ishlash chastotasi LNA oldidan qo’llaniladigan RF filtri bilan ham bog’liq. Ular
yaxshi kuchaytirish va past shovqin ko’rsatkichi taqdim etadi, ammo ular gimmat va oson
integratsiya gilinmaydi. Yangi texnologiyalar rivojlanishi bilan biz RF sxemalarini loyihalashda
yangi texnologiyalarni amalga oshirishni muvaffagiyatli tadqiq gildik. Texnologiyalar past
shovqin ko’rsatkichi va yuqori kuchaytirishga olib keldi. So’nggi texnologiyalar nafagat narx va
integratsiya nuqtai nazaridan, balki yuqgori samaradorlik nugtai nazaridan ham kuchli ekanligini
ko’rsatdi. Induktiv. manba pasaytirishli past shovginli kuchaytirgich eng yaxshi shovqin
ko’rsatkichlari va kuchaytirishni taqdim etadi. LNA - simsiz aloga tizimlarida ishlatiladigan
transiverning eng muhim bloklaridan biridir [1-5].

Prezidentning “2020-2030 vyillarda O’zbekiston Respublikasining avtomobil yo’llarini
rivojlantirish strategiyasini tasdiglash to’g’risida”gi qarori loyihasi e’lon qilindi.

Strategiyaning asosiy maqgsadi — avtomobil yo’llari tarmog’ini rivojlantirish va
takomillashtirishning, ularning ekspluatatsiya qilish xususiyatlarini oshirishning igtisodiyot
bargaror va ildam rivojlanishiga, respublika mudofaa qobiliyati va igtisodiy xavfsizligi
mustahkamlanishiga, aholi turmush darajasi o’sishiga ko’maklashadigan yo’nalishlari,
yondashuvlari va mexanizmlarini belgilab olish [7]. Elektron To’lov Yig’ish Tizimi (ETYT)ni
"Hi-Pass" deb nomlagan. Ushbu tizim bir gator foydalar taklif giladi, jumladan, sezilarli darajada
oshirilgan gayta ishlash imkoniyati, odamlar ishtirokisiz ishlash orgali xarajatlarni kamaytirish va
Intellektual Transport Tizimi (ITT)ni joriy etishning tezlashishi. O’zbekiston Avtomobil Yo’llari
Korporatsiyasi ETYT ni kengaytirish bo’yicha mamlakat bo’ylab reja tuzish, magsad 2030 yilga
borib mamlakat bo’ylab 75% qamrovga erishishdir [1-2]. Hi-Pass yo’l tizimlarini boshqarishda
muhim yutuq bo’lib, ular shaharlarga bog’lanish va sanoat rivojlanishi uchun juda muhim
ahamiyatga ega. O’zbekiston Avtomobil Yo’llari Korporatsiyasi Elektron To’lov Yig’ish Tizimi
(ETYT)ga asoslangan ko’p yo’nalishli xizmatni yaratish bo’yicha reja tuzmoqda. Kelajakda
ETYT yo’l yig’ish jarayonlarini RF-DSRC (Radio Frequency - Dedicated Short Range
Communication) yordamida boshqaradi. Har bir yo’laning RF aloqgasi uchun maxsus chastotalar
ajratilgan. Ammo O’zbekistonda chastota kanali ajratilmagan, bu kanallar RF-DSRC uchun
3GHz~5GHz GHz oralig’ida joylashgan. Ushbu cheklovni bartaraf etish uchun yangi bir
kontseptsiya ishlab chiqish kerak, bu ko’p yo’nalishli yo’llarni RF-DSRC yordamida qo’llab-
quvvatlashni magsad gilmoqda, bu esa yo’l to’lov yig’ish jarayonining samaradorligi va quvvatini
oshirishni magsad gilmoqgda [3]. Aslida, ushbu reja mavjud ETYT tizimini optimallashtirishni
magsad gilmoqda, RF-DSRC texnologiyasini va O’zbekistonda mavjud cheklangan chastota
kanallarini samarali ishlatish orqali ko’p yo’nalishli yo’llarni samarali boshqarishga qaratilgan.

Ushbu maqgola OBE Hi-Pass ilovalari uchun 3.8GHz diapazonida ishlovchi keng polosali past
shovqinli LNA tagdim etadi. Taklif etilgan sxema TSMC 90nm texnologiyasida ishlab chigilgan
bo’lib, 1.5V quvvat manbai bilan ishlaydi. Voltaj kuchaytirishini oshirish uchun, bu sxema
umumiy manbali sxema asosida ishlab chiqilgan va shovqin ko’rsatkichi (noise figure)ni
kamaytirish uchun optimallashtirilgan. Bir bosgichli induktiv manba pasaytirish texnikasi ham
sxemani manba impedansiga moslashtirish uchun qo’llanilgan.

2. Sxemani Loyihalash va Tahlil Qilish

2.1 RF-DSRC ilovalariga umumiy nuqtai nazar

Elektron To’lov Yig’ish Tizimi (ETYT) avtomagistral to’lov punktlarida xizmat tizimi
sifatida ishlaydi. Transport vositasi belgilangan avtomobil yo’li bo’ylab maxsus yo’lakka
kirganda, yo’l bo’yidagi uskunalar “(RSE) Road Side Equipment” to’lov punktida joylashgan
ustun (gantri)da o’rnatilgan bo’lib, avtomobilga o’rnatilgan On-Board Unit (OBU) orgali unga
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biriktirilgan sertifikatlangan karta ma’lumotlarini yig’adi hamda transport vositasiga oid boshqa
ma’lumotlarni OBU orqali qabul giladi.

Ushbu ma’lumotlar to’lov jarayonini avtomatik va samarali amalga oshirish uchun ishlatiladi.
Yo’l bo’yidagi uskuna (RSE) va avtomobilning OBUsi o’rtasida uzluksiz simsiz alogani
ta’minlash uchun DSRC (Dedicated Short Range Communication) texnologiyasi qo’llaniladi.

Soddalashtirilgan shaklda aytganda, ETYT avtomagistral to’lov punktlarida to’lov yig’ish
jarayonini boshgaradi. Bu yerda DSRC texnologiyasi — RSE (yo’l chetidagi uskuna) va OBU
(avtomobildagi qurilma) o’rtasidagi simsiz alogani ta’minlab, to’lovlarning aniq va samarali
tarzda yig’ilishini kafolatlaydi. 1-Rasm. ETYT uchun RF-DSRC aloga sxemasi.

To'lov darvozasi

RSE (Road Side Equipment) (Yo'l chetidagi quriima)

OBU (On Board Unit)
v To'lov miqdori Yo'l chetidagi ETC bort qurilmasi
ko'rsatkichi antenna

Ochish-yopish - N &

" ' i -

S ._.—_.. — . ‘~‘ ETT karta

| \ Transport

D e —————————— ma’lumotlari
SEEEE = m |
— 8 less '
P> 5 K \ ‘ :
, I —
i
_

Shifrlangan ikki tomonlama
simsiz aloga
(3.8 GHz faol usul)

1-rasm. 2-rasm.

2.2. Taklif etilgan past shovqinli kuchaytirgich (LNA) dizayni

Ushbu ishda, optimizatsiya gilingan rezistorli biaslash sxemasi asosida yagona bosgichli, bir
uchli (single-end) past shovqinli kuchaytirgich (LNA) loyihalashtirilgan va u TSMC 90 nm CMOS
texnologiyasi asosida, amalga oshirilgan.

Ushbu texnologiya past shovqin, yuqori chastota samaradorligi va ixcham integratsiya
imkonini beradi. Bir uchli topologiya tanlanishi orqali energiya sarfi yuqori bo’lgan balunlar
(transformatorli muvofiglashtirgichlar)dan foydalanish zarurati yo’q qilinadi.

Shovqin ko’rsatkichlari (NF) va kuchaytirish (gain) talablariga javob berish uchun, sxemaning
birinchi bosgichi sifatida common-source (CS) kuchaytirgich ishlatiladi — bu bosgich past
shovgin ta’minlaydi. Shundan so’ng, yana bir common-source bosqich qo’shilib, umumiy
kuchaytirishni oshiradi. 2-Rasmda taklif etilgan yagona bosgichli, bir uchli LNA sxemasi
tasvirlangan.

2-rasm. Yagona bosqichli common-source (umumiy manba) past shovqinli
kuchaytirgich (LNA)

2-Rasm LNA (Low Noise Amplifier — past shovqinli kuchaytirgich) bo’lib, cascode
konfiguratsiyasiga ega, induktiv degeneratsiyali, MOSFET asosidagi LNA hisoblanadi. M1 va M»
tranzistorlari (MOSFETIar) M1 — bu asosiy kuchaytiruvchi tranzistor, kirish signalini darvozasi
(gate) orgali oladi. M2 — bu cascode tranzistor, u M1’ning drenaji orqali ulangani sababli shovqinni
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pasaytiradi va chastota turg’unligini oshiradi. Cascode tuzilma — yuqori chigish impedansiga ega
bo’lib, gain-bandwidth product ni oshiradi. Kirish tarmog‘i (Input Impedance Matching) Rs -
Signal manbaining garshiligi, Lg - Gate inductance — darvozani RF moslashga yordam beradi, Ce
- Kuplovchi kondensator yoki gayta teskari aloga (feedback) elementi, Ls - Source induktivligi
(Groundga ulangan) Funktsiya, Lg va Ce — chastotaviy moslash uchun ishlatiladi, aynigsa
rezonansni sozlashda. Ls — manba (source) induktivligi orgali induktiv degeneratsiya hosil qilib,
turg’unlikni va chastota javobini yaxshilaydi. Ushbu kirish tarmog’i kirish garshiligini moslab,
kuchaytirgichga maksimal signal uzatishni ta’minlaydi. Vdd — DC kuchlanma manbai, Cout —
Bloklovchi kondensator, Bu kondensator chigish signalini DC kuchlanmadan ajratish uchun
ishlatiladi (AC coupling). Lout — Yuk induktivligi. Bu reaktiv element chigishdagi rezonans
chastotani hosil gilishga yordam beradi. Lout va Cout birgalikda LC rezonator hosil gilib, signalni
filtrlash va kuchaytirish vazifasini bajaradi. Rout — Yuk qarshiligi (odatda 50Q yoki keyingi
bosgich impedansi) Chigish signalining yuqori chastotali energiyasini o’zlashtiradi.

3. NATIJALAR VA MUHOKAMALAR

Analog va Radiochastotali (RF) bloklarda yugori chigish quvvati va yuqori samaradorlik talab
etiladi. Biroq, zamonaviy texnologiyalardagi yuqorida gayd etilgan cheklovlar sabab, ushbu
maqsadlarga erishish uchun yangi dizayn uslublari va topologiyalaridan foydalanish zarur. Taklif
etilgan LNA (past shovqinli kuchaytirgich) 1,2 V ta’minot kuchlanmasida jami 15,4 mA doimiy
tok iste’mol gilgan. Shunday qilib, biz 18.48 mW (milliwatt) quvvat sarfiga erishdik — bu natija
an’anaviy ishlanmalarga nisbatan ancha kam (qarang: manbalar [3—6]).

3-Rasmda quyidagilar ko’rsatilgan: (Qizil) Kirish refleksiya yo’qotishlari (S11)ning qiymati
-20.38dB va (Ko’k) Chigqish refleksiya yo’qotishlari (S22) ning giymati esa -13.30dB

(—
-l 517 dB20 @ -20.3654dB 5.0 ]

MW 522 dB20 @ -13.3008¢B

0o

-10.0 ]

S-Param (dB)

-15.0

-20.0 ]

25.0 1 ‘
0 1

T 1
4 5

2 3

Chastota (GHz)

3-Rasm (Qizil) Kirish refleksiya yo’qotishlari (S11) va (Ko’k) Chigqish refleksiya
yo’qotishlari (S22)

Kirish va chigish impedanslarini moslashtirish (matching) — bu juda muhim bo’lib, S11 va
S22 qgiymatlarini iloji boricha past darajada saglash imkonini beradi. Ideal holda,
kuchaytirgichning kiritish va chigarish impedansi 45-50 Q atrofida bo’lishi kerak, aynigsa ishlash
chastotasida.

Taklif etilgan LNA (past shovginli kuchaytirgich)ning ishlash samaradorligini tekshirish
uchun Cadence Virtuoso dasturiy ta’minoti yordamida simulyatsiya dizayni amalga oshirildi.
Ushbu LNA’ning S-parametrlari 3-rasmda ko’rsatilgan (S11 va S22).
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Taklif etilgan LNA quyidagi asosiy texnik natijalarni ko’rsatdi: Jami doimiy tok sarfi: 15.4
mA, eng yuqori kuchlanma kuchaytirish (Voltage Gain): 29dB, eng past shovqin ko’rsatkichi
(Noise Figure): 2.1dB, Bu natijalar ilgari e’lon qilingan ishlanmalarga nisbatan sezilarli
yaxshilanishni ko’rsatadi (qarang: manbalar [6]).

Ushbu ilmiy ishda biz 3.8 GHz chastotada ishlovchi, O’zbekistondagi pullik avtomobil
yo’llarida qo’llaniladigan Hi-Pass tizimi uchun mo’ljallangan past shovginli LNA sxemasini taklif
etdik. Ushbu sxema TSMC 90 nm CMOS texnologiyasi asosida ishlab chiqildi.

Ushbu natijalar shuni ko’rsatadiki, taklif etilgan LNA dizayni 3.8 GHz chastotada ishlovchi
Hi-Pass ilovalar uchun yuqori samarali, energiya tejamkor va fizik jihatdan ixcham yechim bo’lib
xizmat giladi.
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YARIMO’TKAZGICHLI TUZILMALARNING SUBCHIZIQLI VOLT-AMPER
XARAKTERISTIKASI

G.Xolyigitova, A.lkromov!, A Abdurahmonov ?, G.Abdumajidova, X.M Madaminov?.
Andijon davlat universiteti,
Farg’ona daviat universiteti, 2
Andijon shahar 30- maktab
khurmad@mail.ru

Yarimo‘tkazgichli tuzilmalarda ambipolyar zaryad tashuvchilar harakatini o‘rganishga
bag‘ishlangan bir qator tadqiqot natijalariga ko’ra, ambipolyar dreyf va diffuziya yo'nalishlari bir-
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biriga mos keladi deb faraz gilinadi [1]. Biroq, ko'p hollarda, ortigcha zaryad tashuvchilarning
maydonga garama-qarshi diffuziyasi sodir bo'ladi. Bunday vaziyat, masalan p*-n-n*-diod
tuzilmalarda, n-n" -o'tishdagi zaryad tashuvchilarning akkumulyatsiyasi p*-n-o’tishdagi
injeksiyadan ustunlik gilganda, ya'ni, p(0) < p(w)da ro’y berishi mumkin [2]. Yuqoridagi holat n*-
n-n* diod tuzilmalarda ham sodir bo'ladi, bunda n-n*-kontaktda elektronlarning to'planishi, n*-n-
kontaktda esa elektronlarning siyraklashuvi sodir bo'ladi [3]. Ushbu magolaning magsadi zaryad
tashuvchilarni yetarlicha to'plash effektiga ega bo'lgan bunday tuzilmalarning o'ziga xos ayrim
xususiyatlarini tadqiq etishdan iborat.

Ma’lumki, yuqorida zikr etilgan tuzilmalarning n-bazasidagi ortiqcha kovaklarning
muvozanat holatdagi harakati ambipolyar uzluksizlik tenglamasi bilan aniglanadi [3]:

d’p dp p—pn

ez Ve~ T
DypDp(n+p)
Dpn+Dyp
E dagi ambipolyar dreyf tezligi, p, - ortigcha kovaklarning ambipolyar harakatchanligi.

Ambipolyar dreyf tezligi chuqur sathli kirishmalar populyatsiyasining modulyatsiyasi
bilan belgilanadigan bunday sharoitlarda mavjud xususiyatlarni o'rganish alohida gizigish
uyg'otadi va natijada ambipolyar dreyf tezligi uchun [1]

=0 D

Bu yerda D, = - ambipolyar diffuziya koeffitsiyenti, v, = u,E- elektr maydoni

oty M [ On N (ap)] 2
bty 1-@Mjon)
ifodani hosil gilamiz (M = M (n, p) - chuqur sathli markaz tomonidan tutilgan kovaklar

Vg =

soni).

Shu o’rinda biz neytral n-tur yarim o'tkazgichning muayyan modeli tahliliga gisman
to'xtalamiz, ya’ni u fagat donorlar N, bilan birga rekombinatsiya markazlari Nr ni va chuqur sathli
kompensatsion kovaklarni tutib olish markazlari Nt ni ham o'z ichiga olishini eslatib o’tamiz,
xolos. Agar Nz<Ny, N < N.f;p deb faraz gilsak, bu bizga rekombinatsiya markazlarining
zaryadini e'tiborga olmaslikka imkon beradi. Zaryadlangan tutgichlarning maksimal
konsentratsiyasi N;f;p = M(p) bo’lishi tufayli, zaryadning elektroneytrallik shartini quyidagicha
yozish mumekin:

n=(y + )p » p,y = N¢/D1¢.

Shunday qilib, rekombinatsiya markazlari Ny elektronlar bilan to'la (fy = 1) va shuning
uchun kovaklarning yashash vaqti t injeksiya darajasiga bog'lig emas. Bunday sharoitda
ambipolyar dreyf tezligi amalda kovaklarning ortigcha konsentratsiyasiga bog'liqg emas, ya'ni

vy = aDyT,a = (2qD,Ny)™* 3

va shuning uchun (1) tenglamaning analitik yechimini olish mumkin. Ushbu yechim n-
bazadagi ortigcha kovaklarning fazoviy tagsimlanishini aniglaydi [1, 3-4]:

pG) = put [ exp (7) + 6 exp(- 1] - exp (57 @)
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. _Xx
o = Ap(w) - exp (_ vaw> ~ Ap(0) exp( L*)

20.) " 2 ()
B = Ap(0) - (ﬁ)_%p_;ll_ D D ~D
= p exp L* ZSh(ZC—*) ’ - o 2, - pr; a ™~ Yp-
1+(ﬁ)

Ap(0) = p(0) — p, vaAp(w) = p(w) — p, N-bazaning chegaralari x=0 va x=w dagi omik
bo'lmagan kontaktlardagi ortigcha kovaklar konsentratsiyasi.

Turli yarimo'tkazgich tuzilmalardagi p(x) tagsimot shakli tok kuchi | ning Ap(0) va
Ap(w)larga o'ziga xos bog'lanishlari bilan aniglanadi. Shunday gilib, noideal p*-n va n-n*-o'tishli
p*-n-n*-tuzilmada, p(0) o« p(w) o VI va p(0) <p(w) bo’lganda [2-3], p(x) konsentratsiya monoton
ortib boruvchi funksiya bo’ladi. Bundan tashqari, n-baza hajmida zaryad tashuvchilar
konsentratsiyasi tok kuchi ortishi bilan kamayishi mumkin. Bu (subchizigli volt-amper
bog'lanishda) tok kuchining to'yinishiga olib keladi [3]:

sh(w/L")
9up(by+b+1)p(W)a (%)

V =V exp (law), V, =

VAX dagi ushbu subchizigli soha ikkita juda keng kvadratik |1 o« }? sohalar orasida
joylashadi. VAX dagi shunga o’xshash subchizigli sohalar indiy (In) kirishmali kremniy (Si)
asosidagi p-i-n diodlarda ikkilamchi injeksiyani tekshirishda kuzatilgan [1, 3-4].

Agar zaryad tashuvchilarning akkumulyatsiyasini istisno gilish ustun bo'lsa, x» nugtasi o'ng
tomondagi n-n*-o’tishga qo'shiladi va natijada |Ap(0)| < p,, uchun

I 1+( ﬂ )exn/va‘[p

Ap(0)
aD,T,Iln —
qu,(by, +b+Dp, PP 1+ P, /Ap(0)

IR

Vr (6)
bu yerda P, =pn+[(b,+1)/(b, +b+ 1|N;— N, Shunday qilib, kvadratik
subchizigli l<v'V bog'lanish omik bog’lanishga o'zgaradi, bu [5-7] havolalarda gayd etilgan.
Biroq, zaryad tashuvchilarning akkumukyatsiyasi ustunlik gilsa va natijada x» nugta chap

tomondagi n*-n-o’tishga yaqin joylashganda [2], n*-n-n*-tuzilmaning I-V bog'ligligi Az;—(w) >
exp (sza + L*) (w — x,,) uchun quyidagicha ifodalanadi:
- _, _explal(w —xp)] .
Vr = [quy(by + b+ 1)] ) (")
ya'ni, tok kuchining o'sishi bilan omik I (V) bog'liglik subchizigli V « exp(law) bog'liglikka

o'zgaradi.

(5) va (7) ga o'xshash subchizigli VAX lar tashqi ta'sirlarga juda sezgir bo'lishi mumkin, bu
esa tuzoqga tushgan zaryad tashuvchilar sonini o'zgartirishi tufayli ambipolyar dreyf tezligi v,
o'zgarishiga olib keladi. Shunday qilib, masalan, fotogo'zg'alish @ elektronlarni valent zonadan
tutgichlarga tomon go'zg'atganda a uchun ifoda quyidagi shaklni oladi [5]:
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bN,

{qnp [(b +1) f"_:: + bNtr}

bu yerda B - kvant samaradorligi.
lcv'V ga o'xshash subchizigli bog'ligliklarga ega bo'lgan tuzilmalarda nisbatan kichik
fotosezgirlik hosil gilish mumkin.

Yugoridagi fikrlar ma'lum chuqur sathli nugsonlarga ega bo'lgan yarimo'tkazgichlarga
tegishli emas. Shuningdek, 1(V) kabi (5) va (7) subchizigli bog'lanishlar ba'zi boshga chuqur sathli
elementlarni 0'z ichiga olgan yarimo'tkazgichli tuzilmalarda ham sodir bo'ladi. Bunda fagat a ni
giymati o'zgarishi yuz beradi. Shunday gilib, n- yarimo'tkazgichlar uchun Ng donorlaridan
tashqari, chuqur sof bo’lmagan modda darajasi N bo'lgan elektronlar va kovaklar uchun tutib
olish kesimining keskin asimetriyasi (3) o'rniga

0= Ng — Neg
2qDpNegny

ap, =

(8)

(9)

ifodani olish mumkin. Bu yerda n; = N_exp (— %) ni olamiz.
Bundan ambipolyar dreyf tezligi v, = aD,I ning harorat o'zgarishiga kuchli bog'lanishni
kelib chigadi. Natijada (5) va (7) ifodalarga ko’ra, subchiziqli bog'lanishli VAXning issiqlikka
juda sezgirligi namoyon bo’ladi. Tegishli harorat omili

_1dv Iaw E, — Eg
Qv = porli=const =7
masalan, E. — E;zp = 0.35eV, law = 3, va T = 300K bo’lganda, sezilarli Q, = 15 —
20% grad~! giymatga ega bo'lishi mumkin.
Shuni ta'kidlash kerakki, ko'rib chigilgan a giymat (9) ham E¢ — Ewr =¢(P) tutgichlarining
faollanish energiyasini o'zgartiradigan P bosimiga bog'liq. Bunday tuzilmada bosim omili [2]

1dV Iawr d
= Vﬁ lj=const = F [ﬁ (Ec - EtR)] )

va (d/dP)(E, — Ez) o< 10~%eV atm™!, law=3, T= 300K, m, = 1072% atm™' kelib
chigadi.

Xulosa qilib shuni ta'kidlash kerakki, yarimo'tkazgich tuzilmalarning yugori qgarshilikli
sohalarida erkin tashuvchilarning maydonga qarama-garshi dreyfiga olib keladigan zaryad
tashuvchilarning kuchli akkumulyatsiyasi subchizigli VAX paydo bo'lishiga olib kelishi mumkin
(Vxexp(law)) va bu tashqi ta'sirlarga juda sezgir.

(10)

Ty
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STUDY OF OXYGEN PRECIPITATE FORMATION PROCESS IN SILICON
CRYSTALS

R. Burkhanov
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In silicon single crystals, when the ingot is cooled from the solidification temperature,
dispersed precipitates of the second phase may appear, associated with the decomposition of the
supersaturated solid solution of oxygen. All other things being equal, the decomposition primarily
occurs in the crystal sections that are most enriched with impurities, causing, for example, the
distribution of precipitates along the "growth bands". The places where precipitates are
predominantly formed are various structural defects such as dislocations, which themselves are
"naturally” decorated [1,2].

It is known that during the formation of oxygen precipitates (OP) there is a so-called delay
time for the appearance of OP [3], i.e. the appearance of an oxygen precipitate as a phase inclusion

SiO, in silicon is preceded by the stage of formation of nuclei. Experimental study of the

nucleation stage is difficult, since almost all methods usually used in the study of OP, due to
methodological features and/or insufficient sensitivity, cannot provide information about this
stage. Therefore, at present, there are mainly only theoretical descriptions of the nucleation
process, where both homogeneous [4] and heterogeneous [5] mechanisms are considered. OP
nuclei are usually understood as local clusters of oxygen atoms, including the phase SiO, or not -

depending on the model concepts (see, for example, [3]). Obtaining experimental data for the
nucleation stage would allow us to give preference to certain theoretical developments and bring
clarity to the process of formation of OP nuclei [6].

The first stage of oxygen precipitation in silicon is nucleation, a process resulting in the
formation of aggregates of several oxygen atoms in the silicon lattice O, the so-called nuclei or
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embryos of precipitates. The main parameter for nucleation (and, consequently, precipitation) is
the degree of supersaturation of the solid solution composed of the silicon crystal (solvent) and
free (interstitial) oxygen (solution), i.e. the ratio between the concentration of oxygen present in

the crystal C,and the limit of its solubility C; (which is a function of temperature). Nucleation

can occur at lattice sites where several free oxygen atoms are close to one another (homogeneous
nucleation [7]), or at a lattice defect (heterogeneous nucleation [5]). Both processes lead to the
formation of nuclei that have different distributions and sizes.

Here we will describe only the theory that describes the nucleation, completely neglecting
the deformation energy associated with the structural difference between silicon and the oxide
constituting the nucleus, but we will discuss the process of heterogeneous nucleation in our further
studies. Under such assumptions AG, the free energy required to form spherical precipitates with
radius ris given by

AG = 4nrzy—gnr3AGV. 1)

where Y is the interface energy per unit area, AG,, is the volumetric free energy associated

with the change in supersaturation chemical energy per unit volume after removing an oxygen
atom from the solution. The first term is positive because the energy required increases the surface
area of the nucleus, while the second term is negative because the supersaturation chemical energy
decreases as solution atoms (oxygen) are removed from the solution and combine into nuclei. The
quantity AG,, can be written as:

k,T, C
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AG,

where K is the Boltzmann constant, T is the absolute temperature, V, is the volume of the
particle per oxygen atom (i.e. the volume per oxygen atom of the oxide SiO, constituting the

nucleus). The critical radius is defined as the value r = r. for which, d(AG) = 0 as follows from

2vV -
I _ % nC—S . (3)
k. T| C

When the radius of the nucleus I is smaller ( r < r.) than the critical radius r. , the volume

equation (1),

free energy is lower than the surface free energy and therefore the nuclei dissolve. On the other
hand, when r > 1, the surface free energy is the smaller term in relation (1), so the precipitate
can grow. It r.follows from the expression for that high temperature and high oxygen
concentration enhance the growth of the precipitate, decreasing the critical radius. On the other
hand, low temperature corresponds to low values of C, which also causes a decrease in I . The
above indicates that r. is a monotonically increasing function. The main parameters of theories
describing the nucleation of CP are the degree of supersaturation of the solid solution of oxygen
in silicon, the critical radius of the nucleus I, the achievement of which is necessary for further

growth of the CP, and the time required for the formation of nuclei. These parameters, obtained
on the basis of different theories, differ greatly from each other. For example, according to the

model of work [8] I'. =1 NM  while according to the data of work [9], the minimum size is equal
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to the volume of one molecule SiO, . In published works, it is assumed that oxygen atoms in a

solid solution are distributed uniformly, and local fluctuations in concentration are subject to a
normal distribution.
The paper discusses the structural properties of oxygen-containing silicon, as well as some
phenomena of nucleation of oxygen inclusions in single crystals.
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Bi,Tez; VA Bi,Se3; ASOSIDAGI TERMOELEKTRIK MATERIALLARNING
XUSUSIYATLARI

K.I.G‘aynazarova
Farg ‘ona davlat universiteti

Shu kungacha quyma termoelektrik materiallarni olishning bir gancha usullari ishlab
chigilgan. Ulardan inert gaz atmosferasida gaz kondensatsiyasi yoki plazma-kimyoviy usul,
kimyoviy sintez va keyinchalik uchqun plazmasini sintezlash bilan olingan o‘ta nozik kukunlardir.
Hozirgacha ushbu usullarni ishlab chiqishda siqilish jarayonida bir oz qoldiq g‘ovaklikni saqlab
golish, kukunlarni tayyorlash yoki ularni mustahkamlashda namunalarning ifloslanishi va olingan
namunalarning geometrik o‘lchamlarini oshirish bilan bog‘liq muammolar mavjud. Ularning
ko‘pchiligi changlarni turli usullar bilan siqishni o‘z ichiga oladi. Anizotropik materialni
tayyorlashning ushbu turi bilan kristallanishning shakli muhim rol o‘ynaydi, bu kristallitlarning
o‘sish o‘qiga nisbatan noto‘g‘ri yo‘nalishi bog‘liq. Tezisda parametrlarning kristallanishning
shakliga ta'siri o‘rganiladi.

O‘rganilgan ishlarga ko‘ra, Bi,Te; va Bi,Se; xalkogenidlari bir-birida cheksiz erib, gattiq
eritmalarning uzluksiz gatorini hosil gilishi uchun quyidagi shartlar bajarilishi kerak:

1) boshlang‘ich birikmalar bir xil simmetriya sinfiga tegishli bo‘lishi va yaqin
parametrlarga ega bo‘lgan panjaralarga ega bo‘lishi kerak:

2) bir-birining o‘rnini bosuvchi atomlar o‘lchamlari jihatidan bir-biridan unchalik farg
qilmasligi va kimyoviy xossalariga yaqin bo‘lishi kerak[3].

BixTes xalkogenidi rombedral tuzilishda kristallanadi. Ko‘pincha Bi>Tez tuzilishini
tasvirlash uchun rombedral emas, balki parametrlari a = 0,4386 nm va ¢ = 3,0497 nm ga to‘g‘ri
keladigan olti burchakli elementar yacheykalardan foydalaniladi.
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1.2-rasm. BizTes birikmasining joylashishi

Vismut tellurining tuzilishi parallel ravishda joylashgan gatlamlardan iborat. Har bir
gatlamning atomlari bir xil bo‘lib, tekis olti burchakli panjara hosil giladi. Beshta qo‘shni qatlam
kvintet deb ataladigan narsaga birlashtiriladi, bunday kvintetdagi atomlar ionlikning kichik bir
gismi bo‘lgan kovalent aloqalar bilan bog‘langan o‘zgaruvchan qatlamlarda joylashgan.

Bi>Tes tetradimit strukturasidagi gatlamlar quyidagicha almashadi:

Tey — Bi — Tep) — Bi — Tey 1)

(indeksdagi 1 va 2 belgilar Te atomlarining kristall panjaradagi turli o‘rinlarini bildiradi) uch
karrali simmetriya o‘qiga perpendikulyar (olti burchakli panjarada trigonal C3 0°qi). Har bir qatlam
ichida bir xil atomlar olti burchakli yassi panjara ichiga o°‘ralgan bo‘lib, ular ostidagi qatlamlarning
atomlari bilan zich olti burchakli o‘rash hosil giladi[2].

Kvintetlar ichidagi kimyoviy bog‘lanish asosan kovalent-ionli bo‘lib, kvintetlar o‘rtasida
kuchsiz van der Vaals kuchlari ta'sir giladi. Shuningdek, Bi— Te(,) qatlamlar orasidagi
bog‘lanishni ham kovalent, Bi — Te(;y orasidagi bog‘lanish esa ko‘proq ionli hisoblanadi. Tkki
Te(,) gatlamlar orasida harakat gilayotgan van der Vaals kuchlari zaifligidan, mexanik quvvat ham
past bo‘lib, parchalanish tekisligi bo‘ylab namunalarning oson parchalanishini (kristallning Cs
o‘qiga perpendikulyar) va BixTez monokristallarining barcha fizik xususiyatlarining muhim
anizotropiyasini aniglaydi.
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ZAMONAVIY FOTOVOLTAIKA: BIRINCHI AVLODDAN KELAJAK QUYOSH
PANELIGACHA

A.M. Naimjonov, M.A. Ergasheva, H.K. Rahmonberdiyeva
!Namangan davlat universiteti

Annotatsiya: Ushbu tadgigotning magsadi fotovoltaik elementlarning turli avlodlarini tahlil
qgilish va ularning rivojlanish imkoniyatlarini muhokama qilish orgali quyosh elementlari
hagidagi tushunchalarni kengaytirishdan iborat. Shuningdek, unda turli xil quyosh
elementlarining ustunliklari va kamchiliklari ham yoritilgan.

Kalit so'zlar: fotovoltaik; quyosh elementlari; qayta tiklanadigan energiya; fotovoltaik

elementlarni ishlab chigarish texnologiyalari; samaradorlik; fotovoltaik avlodlar.

Kirish. Hozirgi vaqtda quyosh energiyasi juda kam - 0,015% elektr energiyasi ishlab
chigarish uchun, 0,3% isitish uchun va 11% biomassaning tabiiy fotosintezi uchun ishlatiladi.

1. Qayta tiklanuvchi energiya manbasi bo'lgan quyosh elementlari bir necha guruxlarga
bolinadi.

2. Birinchi avlod quyosh elementlariga monokristalli va polikristalli kremniy va galliy
arsenidi (GaAs) asosidagi fotovoltaik texnologiyalar kiradi.

3. Ikkinchi avlod quyosh elementlariga takomillashgan birinchi avlod quyosh elementlari,
"mikrokristalli kremniy (uc-Si) va amorf kremniy (a-Si) li quyosh elementlari, mis indiy
galyum selenid (a-Si) dan tayyorlangan yupga plyonkali fotovoltaik qurilmalar, kadmiy
tellurid/kadmiy sulfidli quyosh elementlari kiradi.

4. Uchinchi avlod quyosh elementlari kimyoviy birikmalarga asoslangan fotovoltaik
texnologiyalarni asoslanadi. Bundan tashgari, nanokristalli "plyonkalar”, kvant nugtali
quyosh elementlari, bo'yoglarga sezgir bo'lgan quyosh batareyalari, organik polimerlar
asosidagi quyosh batareyalari ham ushbu avlodga tegishli.

5. To'rtinchi avlod quyosh elementlari bu avlod yupga plyonkali polimerlarning past
moslashuvchanligi yoki arzonligi bilan bir gatorda "metall oksidi va metall nanozarralari
kabi innovatsion noorganik nanostrukturalar yoki grafen, uglerod nanotubalari va grafen
hosilalari kabi organik asosli nanomateriallar” ning chidamliligini o'z ichiga oladi [2].

Photovoltaic cell
manufacturing
technologies
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1-jadval. Quyosh elementlarining turlari
Birinchi avlod quyosh elementlari. Kremniyga asoslangan quyosh elementlari hozirda
dunyodagi o'rnatilgan panellarning 80% dan ortig'ini tashkil giladi va bozor ulushining 90%i ga
ega. Nisbatan yuqgori samaradorlik tufayli ular eng ko'p ishlatiladigan elementdir. Fotovoltaik

140



I IIYBBA. SPUMYTKA3STUUJIAP ®U3UKACH BA APUMYTKA3STTYJIAP
MATEPUAJIINYHOCJIUT'U MYAMMOJIAPH

elementlarning birinchi avlodi Si kremniyidan tashkil topgan galin kristalli gatlamlarga asoslangan
materiallarni 0'z ichiga oladi. Ushbu avlod mono-, poli- va ko'p kristalli kremniyga, shuningdek,
yagona Il1-V o’tish (GaAs)ga asoslangan [1],[4].

Birinchi avlod quyosh elementlarining farglari[1]:

e Monokristalli kremniyga asoslangan quyosh elementlari.

Samaradorlik: 15 + 24%; Taqiqlangan zona: ~1,1 eV; Yaroqlilik muddati: 25 vyil;
Afzalliklari: Bargarorlik, yuqori sifatda ishlash, uzoq xizmat muddati; Kamchiliklari: yugori
ishlab chigarish xarajatlari, haroratga sezgirligi, abzorbsiya muammaosi, material yemirilishi.

e Polikristalli kremniyga asoslangan quyosh elementlari.

Samaradorlik: 10 + 18%; Taqiqlangan zona: ~1,7 eV; Yaroqlilik muddati: 14 yil;
Afzalliklari: Ishlab chigarish jarayoni oddiy, daromadli, kremniy chigindilarini kamaytiradi,
monokristal kremniy bilan solishtirganda yuqori abzorbsiya; Kamchiliklari: past samaradorlik,
yuqori harorat sezgirligi.

¢ GaAs ga asoslangan quyosh elementlari.

Samaradorlik: 28 + 30%; Taqgiqlangan zona: ~1,43 eV; Yaroqlilik muddati: 18 yil;
Afzalliklari: Yuqori bargarorlik, past harorat sezgirligi, m-si dan yaxshiroq abzorbsiya, yuqori
samaradorlik; Kamchiligi: juda gimmat [1].

Ikkinchi avlod quyosh elementlari. CdTe, galliy selenid va mis yoki amorf kremniyga
asoslangan yupga plyonkali fotovoltaik elementlar kristalli kremniy quyosh elementlariga
arzonrog o rinbosar sifatida ishlab chigarilgan. Ularni egiluvchan jihozlarga o rnatish uchun ideal
bo'lgan mexanik xususiyatlar bor, ammo bu samaradorlikni pasaytirish xavfini orttiradi. Quyosh
elementlarining birinchi avlodi mikroelektronikaning timsoli bo'lgan bo'lsa, yupga plyonkalar
evolyutsiyasi o'stirishning yangi usullarini talab qildi va sektorni boshga sohalarga, masalan,
elektrokimyoga ham ochdi[5].

Ikkinchi avlod quyosh elementlarining farglari:

Amorf kremniyga asoslangan quyosh elementlari (a-si).

e Samaradorlik: 5 + 12%; Tagqiqlangan zona: ~1,7 eV; Yaroglilik muddati: 15 vyil;
Afzalliklari: Arzonrog, tabiatda ko'p migdorda mavjud, toksik bo'lmagan, yuqori abzorbsiya
koeffitsienti; Kamchiliklari: past samaradorlik, dopant materiallarni tanlashda giyinchilik, zaryad
tashuvchilarining gisga yashash vaqti.

Kadiy tellurid/kadiy sulfid (CdTe/CdS) asosidagi quyosh elementlari.

e Samaradorlik: 15 + 16%; Taqiqlangan zona: ~1,45 eV; Yaroqlilik muddati: 20 yil;
Afzalliklari: Yugori abzorbsiya darajasi, ishlab chigarish uchun kamrogq material talab gilinadi;
Kamchiliklari: past samaradorlik, Cd juda zaharli, Te cheklangan, haroratga ko'proq sezgir.

Mis indiy galiy selenid (CIGS) asosidagi quyosh elementlari.

e Samaradorlik: 20%; Tagiglangan zona: ~1,7 eV; Yaroglilik muddati: 12 yil; Afzalliklari:
Ishlab chigarish uchun kamroq material talab gilinadi; Kamchiliklari: juda yugori narx, bargaror
emas, haroratga nisbatan sezgir, juda ishonchsiz [6].

Uchinchi avlod quyosh elementlari. Quyosh elementlarining uchinchi avlodi tandem,
perovskit, bo'yoqqa sezgir, organik va yangi paydo bo layotgan quyosh element turlarini 0"z ichiga
oladi. Bu avlod quyosh elementi arzon past samarali quyosh elementlaridan tortib (bo'yoqga
sezgir, organik quyosh elementlari) gimmat va yuqori samarali elementlargacha (l11-V ko'p
o tishli elementlar) bo'lgan turli hil bo’lishi mumkin. Uchinchi avlod fotovoltaik elementlarning
ba'zan bozordagi ulushi kichikligi sababli "rivojlanayotgan soha” deb ataladi, garchi ularning
ba'zilari 25 vyildan ortig vagt davomida o'rganilgan bo'lsa ham [7]. FV elementlarning
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samaradorligini oshirishning hozirgi usullaridan biri yarimo'tkazgichning tagiq zonasida
go'shimcha energiya sathlarini joriy etish va ishlab chigarish jarayonida ion implantatsiyasidan
foydalanishni ko'paytirishdir [9].

Uchinchi avlod quyosh elementlarining farglari:

Bo'yoqga sezgir fotovoltaik moddaga asoslangan quyosh elementlari.

e Samaradorlik: 5 +20%; Afzalliklari: arzonroq xarajat, past yorug'lik va kengroq burchakda
ishlash, past ichki haroratda ishlash, mustahkamlik va uzog muddat xizmat ko rsatish;
Kamchiliklari: harorat barqarorlikdagi muammolar, zaharli, uchuvchan moddalardan
tayyorlanishi.

Kvant nuqtali quyosh elementlari.

e Samaradorlik: 11 + 17%; Afzalliklari: Kam ishlab chiqarish xarajati, kam energiya
iste'moli; Kamchiliklari: Tabiatda yugori toksiklik, degradatsiya.

Organik va polimerik moddalarga asoslangan quyosh elementlari.

e Samaradorlik: 9 + 11%; Afzalliklari: past tannarxi, yengilroq, egiluvchanlik, termal
bargarorlik; Kamchiliklari: past samaradorlik.

Perovskit quyosh elementlari

e Samaradorlik: 21%; Afzalliklari: Arzon va soddalashgan tuzilish, yengil vazn,
moslashuvchanlik, yuqori samaradorlik, past ishlab chigarish narxi; Kamcholiklari: bargaror
emas.

Ko'p gatlamli tandem quyosh elementlari.

Samaradorlik: 36% va undan yuqori; Afzalliklari: Yuqori samaradorlik; Kamchiliklari:
murakkab, qimmat [1]

Xulosa

Quyosh energiyasi elektr energiyasining eng talabchan gayta tiklanadigan manbalaridan
biridir. Fotovoltaik texnologiyadan foydalangan holda elektr energiyasi ishlab chigarish nafagat
energiyaga bo'lgan talabni gondirishga yordam beradi, balki gazib olinadigan yoqilg'iga
garamlikni kamaytirish orqgali global iglim o'zgarishini yumshatishga ham hissa qo'shadi.
Innovatsion yangi avlod quyosh batareyalarining ragobatbardoshlik darajasi tadgiqotchilar va
olimlarning yangi materiallar, xususan, nanomateriallar va nanotexnologiyalarni ishlab chigish
bilan bog'liq sa'y-harakatlari tufayli ortib bormoqgda.
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JTE®OPMAIAA KPUCTAJUIMYECKOM PEINETKH KPEMHUA U
®OPMHUPOBAHME OKCHIHBIX CJIOEB I1OJI BO3JAEMCTBUEM JIU®PY3UU
IIVTATHUHBI

A.M.Bo6oes, B.M. Dprames, JK.C. MagaMHH:KOHOB
Anousicanckuil 2ocyoapcmeeHuvlil yuugepcumem, yi. Yuusepcumemcxas, 129, 170100,
Anouowcan, Y3bexucman

Kpemuwuii sBisieTcs OCHOBOM COBPEMEHHOM AJIEKTPOHMKH, Oarojapsi CBOei 3aMmedaTesIbHON
CHOCOOHOCTH K MAaHMITYJSLUSM HAa aTOMHOM YpOBHe. BBeneHue nerupyrommx IpuMecei,
MHOPOJHBIX aTOMOB, HAMEPEHHO BKJIIOUCHHBIX B PpEIIETKY KpPEMHHs, I103BOJIAET TOYHO
HAcTpauBaTh €ro 3JEKT-PUUECKUE CBOMCTBA, CIIOCOOCTBYS CO3/IaHUIO0 MHOXKECTBA 3JIEKTPOHHBIX
ycrpoiictB. Cpeau pa3HOOOpaszHbIX Jerupyroumx npumeceid ruiatuHa (Pt) crama ocobeHHO
MHTEPECHBIM 3JIEMEHTOM C YHUKAQJbHBIMH BO3MOXHOCTSMHU JJII HOBBIX MPWIOKEHUH U
VIIYYIICHHUS XapaKTepUCTUK KpeMHus [ 1]. OqHako moHUMaHUE TOYHBIX CTPYKTYPHBIX H3MEHECHUH,
KOTOpBIE MIPOUCXOAT MPU BBEJACHUM aTOMOB IIJIaTHHBI B PEUIETKY KPEMHUS, UMEET pEelIaroliee
3Ha4YeHUe JUIsl ONTUMU3ALUU CBOMCTB MaTepualla U U3y4eHHs! ero MOJIHOIo MOTeHIHaA.

B 10l cratbe paccmaTpuBaeTcs CTPYKTYPHBIM aHalu3 JIETMPOBAHHOTO IUIATUHOMN
MOHOKPUCTAJI-IMYECKOT0 KPEMHUS.

B kadecTBe MCXOQHOrO Marepuana MCIONb30BAIM OOpa3lbl B BUAE IUIACTHH U3
MOHOKPHUCTAJINYECKOIO0 KPEMHHUSI P-TUIA MPOBOJU-MOCTU C YAEIbHBIM conpoTHBieHHeM 20
Om-cM, BeIpanieHHOTO MeTofoM Yoxpanbckoro [2-4]. K OCHOBHBIM HeIOCTaTKaM BhIpalllMBaHUs
MOHOKPHUCTAIIJIMYECKOTO KPEMHHS METOAoM YoXpallbCcKOro cleAyeT OTHECTH IOBBIIIEHHOE
coJiep)KaHue B TMOJYYEHHBIX KpHUCTaslax (QOHOBBIX MPUMECE aTOMOB KHCIOPOJa U YIJIepoJa C
KOHIIeHTpanueii cootBercTBeHHO 10 2x10™ cm~ 1 1o 5x10% cm—3. [Tpobrnema Hammums aToMOB
KHCJIOPO/ia B KPEMHUHU Ha MPOTSKEHUH BCETO BPEMEHM Pa3BUTHUSL POCTOBOM TexHoJoruu (6osee
60 jieT) ocraercsi BecbMa akTyanbHou [4-8].

JlernpoBaHue KpeMHMs aTOMaMU TUIATUHBI TPOBOANUIN METOI0OM AU y3UH U3 Ta30BOM (a3bl
npu Temnepatype 1200°C B oTkauaHHBIX 0 Bakyyma 10~% [1a kBaplieBbIX aMIlynax B TedeHue 4
4ac. ¢ MOCIEAYIOUIMM OBICTPBIM U MEJUIEHHBIM OXJIaXJeHHeM. KOHTposlb CTPYKTYpHBIX U
(ha30BBIX COCTOSIHMH HCCIelyeMbIX OOpa3loB MPOBOJMWIM C TOMOLIbIO PEHTTEHOBCKOIO
nuppakromerpa EmpyreanMalvern. [lnst ompeneneHHs MaKCHMyMa [HKa HCIOJIb30BAH
nporpammy OriginPro 2019. PeHTreHnudpakiOHHbIE W3MEPEHHs MPOBOAMWIA B T'€OMETPUH
nyuka bparra-bpenrano B amamaszone yria paccesHus 205 ot 10° mo 90° HempepbIBHO cO
ckopocThio ckanupoBanus 0.33 rpagyc/mMuH ¢ yrinoBeiM marom 0.0200°.

O6pa3zupl noasepranu oopadbotke mpu temmeparype 1250°C B teuenue 4 yac. Ha puc. 1
IpeJCTaBiIeHa pEeHTTeHOrpaMMa KOHTposibHOTro P-Si (4€pHast KpuBas). BuaHo, uyto Ha
peHTreHorpaMme HaOmogaercs  psAg CTPYKTYPHBIX OTpakeHUM C pa3-JINYHBIMU
MHTEHCUBHOCTSAMU (KOTOpbIE MPUBEJEHBI B TAOIHUIIE).
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1]\ Le0end Control p-Si (1250 °C)
Doped p-Si<Pt> (1250 °C, Slowly cooled)
Doped p-Si<Pt> (1250 °C, Quickly cooled)

1000000

g
*£100000 4
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In(1) arb.u
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Pucynok 1. Pentrenorpammsl pP-Si ((1250°C, KOHTpOAbHBII, YépHast KpUBasn),
JerupoBanHbie aromamu Pt ((1250°C, mensieHHOe OXJIaxIeHHe, KPACHAsI KPUBasi) U
(1250°C, 6bIcTpOE OXJIaKAeHne, CHHSIS KpUBas).

OmnpeneneHbl napameTpsl KPUCTATTUYECKIX pelIeToK c UCIIOJIb30BaHUEM
9KCIEPUMEHTATBHBIX 3HAYCHUH ITUX CTPYKTYPHBIX OTPaXKEHUH, KOTOpbie paBHbI a=h=4.9762 Hm
1 €=5.4321 HM COOTBETCTBEHHO. DTO, B CBOIO OYEPE/Ib, IOKA3bIBAET, UTO X JIEMEHTapHas SUeika
IPUHAJJICKUT TPUTOHATBHON KPUCTAJUIMUECKOH pelIeTKe B IpOoCcTpaHCTBEHHOM rpymie P321.

Ha ocHOBe mosry4eHHBIX pe3y/IbTaTOB M UX aHAIN3A, a TAKKE 3HAUeHUH KpuctamummToB SiO2,
NPE/ICTABICHHBIX B TAOJUIIC, MOXKHO CIICJIaTh BBIBOJ], YTO HA MOBEPXHOCTH MCCIICAOBAHHBIX P-Si
(KOHTPOJILHBIN, Y€pHAsE KpuBasi) cHhOPMHUPOBAICS TMOJUKPUCTAIUTHUSCKUNA CIIOW TONIIMHON 1-—2
MKM. Taxke yeTkoe pacilerIeHue Mo o1 U 02 U3JIy4EHUSIMHU (MMEIOIIME OTINYMS B JiBa pasza Apyr
or apyra (cMm. puc. 2, b)) Tperbero (333) crTpykTypHOro pediiekca Ha PEHTIeHOTrpaMMe
CBHUJIETEJILCTBYET O TOM, YTO Ha MOBEPXHOCTH 00paslia BO3HMKAET CIIOH, 00pa30BaBIIMHCS MO
BO3JIEHCTBUEM MUKPOHAIPSKCHUH.

4000000 {1 = 3,9 10°pulse/ .
=3, 6pu sefs  (111)g . (11). 400000 - EE
3500000 - 1=3,7 10" pulse/s Si<Pt>, 5.0 » cont.
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Pucynok 2. @opmbl peduiexcon nepsoro (111) (Bepxumii pucyHok) u Tpetbero (333)
(HMKHMI PHCYHOK) MOPSIIKA CTPYKTYPHOTO oTpa:keHusi. Pentrenorpammsl p-Si (1250°C,
KOHTPOJILHBIN, YépHasi KpuBas), Jerupopanubie aromamu Pt (1250°C, menJienHoe oxJia:kaeHue
(Sl.c.), kpacnas kpusasn) u (1250°C, 6bicTpoe oxnaxaenne (QU.C.), CHHsIsI KpuBas).

Kpome Toro, Ha peHTreHOrpaMMe MpU MajbIX yriax paccesHuss HaOJroJaeTcs IIHPOKOe
(FWHM = 0.05 pan) nuddys3Hoe orpaxenue, o0ycaoBiIeHHOe CTpYKTypHbIMU (pparmenTamu SiOx
B IIPUITOBEPXHOCTHBIX CIOSIX C HEHACBILIEHHBIMU CBs3sIMU. [IInpokas mupuHa 3TOr0 OTpaXKEHUs
CBUJICTEILCTBYET, UTO Pa3Mepbl CTPYKTYPHBIX (DParMEeHTOB, BRI3BAHHBIX ATHUM OTPAKCHUEM MaJIbl
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U B HUX DPACIONONKEHHH OTCYTCTBYET NadbHUM mopsnok. CrenoBaTelbHO, 3TU CTPYKTYPHBIE
(bparMeHTsI ABIIAIOTCS He HaHOKpucTamuTamu SiOy, a kiactepamu. XapakTepHbIC pa3Mephbl ATHX
KJIACTEPOB COCTABIIAIOT ~1.8 HM.

Ha ocHoBe skcnepuMeHTaIbHBIX 3Hau€HUN OCHOBHOTO (111) cTpykTypHOro OTpakeHus
OIPEJICTICHO, YTO MapaMeTp KPUCTATUTMUECKON PEIIeTKU UCCIIeyeMOH TUIACTUHBI N-Si COCTaBIIsSeT
asi=0.5441 um. Ha puc. 1 (kpacHas KpuBas) MpeiCTaBieHa pEHTreHorpamMma o0pasla,
U3rOTOBICHHOTO U3 P-Si, IernpoBaHHBIX (B TeueHue 4 yaco mnpu temmeparype 1250°C) aromamu
Pt. BuzaHo, uTo peHtreHorpamma N-Si<Pt> cyliecTBEHHO OTIMYAETCS OT PEHTICHOTrpaMMBbI p-Si
(KOHTpOJNBHBIN, Y€pHasi KpuBas). BUAHO, YTO MHTEHCHUBHOCTU CTPYKTYPHBIX JIMHUI MEPBOTO
(111), Broporo (222) u Ttperbero (333) nopsinkoB ymenbmianuch Ha 3.1%, 36.5% u 54.4%
COOTBETCTBEHHO. TaKkxke KaXk/blil U3 HUX CABUHYT B CTOPOHY MaJIOYIJIOBOTO paccesHus (puc. 2 a
u b). Ilo pe3ynbratam SKCHEPUMEHTOB IO JAHHOH CTPYKTYpHOM JIMHHU YCTaHOBJICHO, YTO
MOCTOSTHHAS KPUCTALTMYECKOH pereTkr 00pasia paBHa asi<pt> = 0.5404 aM. 310, B CBOIO 0OUepeib,
CBSI3aHO C JICTUPOBAHUEM IUIACTUHBI KpeMHUs aToMaMu P, a Takke pa3HHIIeH HOHHBIX pagnycoB
atomoB O (r52=1.3 A) u Pt (r37=0.8 A u rjf=0.65 A) ¢ Si (r*=042 A urg*=27A n
YKa3bIBa€T, YTO B KPUCTAUIMUYECKOM pemieTke oOpa3oBanack nedopmanus, paBHas
asi—asi<p=0.004 uM. HabOmroneHue 3anpenieHHoN CTpyKTYpHOU JTMHUH BTOpOro (222) nopsiaka u
OTHOIIIEHHE ee K MHTeHCHBHOCTH ocHOBHOTO (111) pedexca coctapnser 1(222)/1(111)= 4.8x10~%;
5Ta BenuuuHa MeHblie 1074 ¥ cBHIETENLCTBYET, YTO 0OBbEMHBIE Ne(eKThl 0OPa30BANKMCH HA
rpaHuIaxX pasjena CyOKpUCTAITUTOB B pe3yJibTaTe AMUTEIBHON TepMO0OpabOTKH 00pa3iioB U UX
MEIJICHHOT'O OXJIaXKJIEHUsI B KOHIIE TIpoiiecca [9].

Takum 00pa3oM, Ha OCHOBE aHAJIN3a HKCIEPUMEHTAIBHBIX PE3yJIbTaTOB PEHTTEHOCTPYK-
TYPHBIX UCCJIEI0BAaHUIN YCTaHOBJIEHO, YTO TOBEPXHOCTh KOHTPOJIBHBIX U JIETUPOBAHHBIX 00pa3loB
COOTBETCTBYET KpucTayuiorpadguieckoit opuentaruu (111). OnpeneneHo, 4To Ha MOBEPXHOCTH N-
Si 00pa3yeTcst TOHKHH CI0M JHOKCHIa KPEMHUS ¢ ITapaMeTpaMu KpUCTaI-TnYecKoi pemerku a=h
=4.9762 um u €=5.4321 HM, IpUHAJUIEKAIIETO K IPOCTPaHCTBEHHOM rpynne P321. YcranosneHo,
YTO B KPUCTAJUIMUECKOU peIIeTKe n-Si<Pt> oOpa3oBaiack aedopmariusi, paBHas dsi—
asi<p>=0.004 HM. B pesynbraTe MeANeHHOro OXJIaXAeHUs o0pasuoB nocie auddysuun Pt
YCTaHOBJICHO, YTO KPUCTAUITMTHI Ha oOcCHOBe coeauHeHuid SiOz u SiPt HakammBaroTcs
MPEUMYIIECTBEHHO B IPHUIIOBEPXHOCTHBIX y4yacTKax oOpaslia U o0pa3yroT OKCHJIHBIE CIIOH C
MOJIMKPUCTAIIIMYECKUMH cBOWcTBaMU. OINpeneneHo, 4To aToOMbl KHUCIOPOJAa COEAMHSIIOTCS C
aToMaMM KpeMHHsI Ha OIpe/leIeHHOW TITyOMHE IMOJ BO3ACWCTBHEM TEpPMOOOpPaOOTKH, a 3aTeM
00pa3y-10Tcsd KPUCTALUTUTBI M3-3a PE3KOr0 OXJIAXKJCHHs. YCTAHOBJIEHO, YTO HMOHHBIM paguyc
KHCTIOpPOJ1a TIPUBOANUT K 00pa30BaHUIO CTPYKTYPHBIX (PparMEeHTOB C HU3KOW CUMMETpUEH Cpeau
CYOKpUCTAIIITUTOB, COCTOSIIIMX M3 HOHOB KPEMHHSI C BBICOKOW CHMMETpHEH, a Takke K
nedopManusaM KpUCTAI-ITMYECKOM pelIeTKH U3-3a pacloIOKEeHUs €€ aTOMOB B y3JIaX.
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PUASSON TENGLAMASINING NAZARIY ASOSLARI VA YECHIM USULLARI

M.Y. Shaydullayeva, M.A.Usmanov
NamDU fizika yo 'nalishi 2-bosqich talabasi
NamDU Fizika kafedrasi o qituvchisi
e-mail:mohlaroyshaydullayeva@gmail.com
Tasavvur gilaylik, ixtiyoriy jismda zaryad hajm bo’ylab p hajmiy zichlikda tagsimlangan
bo’lsin. Bu jism atrofida biror nuqtada elektr maydon kuchlanganligini aniqlaymiz. Buning uchun
jismdan XYZ koordinata o’qlariga parallel va tomonlari dx,dy,dz bo’lgan paralellopiped ajratib
olamiz.
Ushbu paralllelopipedning markazida elektr maydon kuchlanganligi E bo’lsa, koordinata
o’qlaridagi proyeksiyalari Ex Ey E; bo’ladi. Kooordinata o’qlari bo’ylab kubning qarama-qarshi

yoglarida elektr maydon kuchlanganligini quyidagicha yozishimiz mumkin:
JE 1 JE 1

Y — _oez = =z
. Ey, =Ey axzdx’ Exz—Ex+ax2dx

6 JE1 JE 1
Dg 4 EJ’3:EJ’_£Edy’ Ey4:Ey+£5dy

JE 1 0E 1

EZSZEZ_EEdZ’ EZGZEZ+£EdZ (1)

W

Ostrogradskiy-Gauss teoremasiga ko’ra, paralellopipedning har bir yoqglarida hosil

bo’luvchi elektr maydon kuchlanganlik ogimi:
JE 1

d®, = E, dydz = (E, — azdx )dydz, d®, = Ey,dydz = (Ey +
%81 ix)dyd @
ox 2 4% )dydz
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dd; = By, dxdz = (E, + Z—i%dy Ydxdz, AP, = Ey,dxdz = (E, +
Z—E dy) dxdz

dds = E, dydx = (E, — 222 dz) dxdy dds = E,dydx = (E, +
o dz) dydx

Endi esa ushbu parallelopipedning garama-garshi yoqlaridagi umumiy ogimlarni
hisoblaymiz:

do, + do —aEddd
1 2= 5y xayaz
dd; + do aEddd
= —dxdydz

3 4 ay y (3)
dd: + do —aEddd
5 6= 35, xayaz

Parallelopipedning hamma yoglaridagi umumiy ogimni topamiz va buning uchun biz
ularni shunchaki algebraik go’shib qo’ysak bo’ldi:
do, +dd, +dP; +dPy + dds + ddg
(4)
0x
Bu tenglamada dxdydz ifoda biz ajratib olgan parallelepiped hajmi dV deb ifodalab
olishimiz mumkin. U holda (4) ifodamiz quyidagi ko’rinishga bo’ladi:

Z ® <0Ex N L, N OEZ> .
ox dy 0z )
Ostrograskiy-Gauss teoremasiga ko’ra: Biror berk kontur bo’ylab elektr maydon
kuchlanganlik ogimi shu konturdagi zaryadlarning algebraik yig’indisini &, ga nisbatiga teng.

Ya’ni:
2q
Eds =—
% &o (6)

—aEddd+aEddd+aEddd
= xdydz ayxyz 5, Sxdydz

Buni bilgan holda, formulamizni 0’ng tomonini gi ga tenglaymiz
0

0B, | 98y 05, )
(8x + dy + az)dV

Bizga ma’lumki, hajm bo’ylab bir tekis zaryadlangan o’tkazgichning hajm birligiga to’g’ri
keluvchi zaryad miqdori hajmiy zichlik

p = lim22 =

AV AV (8)

dq
av

Bu ifodani inobatga olib (7) ifodani quyidagi ko’rinishda yozamiz:
0E, N 0E,, N 0E,\ _p
dx dy 0z

€o

(8) ifodaning o’ng tomoni E ni divergensiyasi bo’ladi va qu quyidagicha yoziladi
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dive = 2 9
€o

Endi elektr maydon kuchlanganligi va potensial orasidagi bog’lanishni ko’rib chiqamiz:
Potensiallari do ga farq giluvchi ekvipotensial sirtlarda q zaryadni ko’chirishda bajarilgan
ish
dA = qEdr yoki dA =q[p — (¢ + do) (10)

]
ga teng. (10) ifodadagi har ikki tenglamani tenglab quyidagiga ega bo’lamiz:

_de (11
o dr
Agar maydon bir jinsli bo’lmasa:
(12)
do do do
E,=—— E,=—— E,=——
x 0x Y dy z 0z

Endi esa ushbu (12) dan hosila olamiz, u holda natija quyidagiga teng bo’ladi:
0E,  0*¢ OE,  0%*p O0E,  03%¢p
ax  0x2’ 9y = 0y? 9z = 0z2

bu ifodalarni 0’ng va chap gismlarini qo’shib yuboramiz

dE, O0E, OE ¢ 0% 07
x Py 00z _ —( (P_l_ @ @
ox dy 0z 0x?  0dy? 0z2

Tenglikning chap tomoni (8) ifodadan aniglaganimiz, ya’ni sﬁ ga teng, u holda formulamiz
0

quyidagi ko’rinishni oladi:

62 aZ aZ 13
% + % + PY__P (13)
0x? dy? 0z2 &
Ushbu (13) ifoda Puasson tenglamasi deyiladi. Biz ushbu formuladagi ayrim joylariga
o’zgartirish kiritamiz. Buning uchun matematik operatorlardan foydalanamiz:
20 -0 7O 2 2 2
V=1l—+]—+k— 2 0 4 4
) v —
ox oy oz 922 + ayz + 572

Bundan (13) formulamiz quyidagicha bo’ladi:
V2 o =— ﬁ y0k|
€ (14)

Ushbu maqolada Puasson tenglamasining keltirib chiqarilishi ko‘rib chiqildi. Bu tenglama
fizikada va matematikada muhim o‘rin tutadi. Olingan natijalar kelajakda qo‘shimcha tadqiqotlar
va amaliy ishlarda foydali bo‘lishi mumkin.
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STRUCTURAL CHANGES IN MONOCRYSTALLINE SILICON DOPED WITH
PLATINUM

A. Boboyev, B. Ergashev, M. Khotamov
Andijan State University, University Street, 129, 170100, Andijan, Uzbekistan

Silicon, as the foundation of modern electronics, has revolutionized the field thanks to the
ability to control its properties at the atomic level [1, 2]. Doping with impurities such as platinum
(Pt) opens up new possibilities for improving silicon's characteristics and developing innovative
devices [3, 4]. However, to optimize the properties of the material, it is important to understand
the structural changes that occur when Pt atoms are introduced into the crystal lattice. This article
examines the structural properties of monocrystalline silicon doped with platinum.

As the starting material, monocrystalline n-type silicon wafers (20 Q-cm) grown using the
Czochralski method were used. These wafers are characterized by high oxygen content (up to
2:10% cm™) and carbon content (up to 5-10' cm™3). Doping was carried out by gas-phase diffusion
of platinum atoms at 1200 °C under vacuum conditions (10* Pa) for 4 hours, followed by rapid
and slow cooling. Structural and phase analyses of the samples were performed using an Empyrean
Malvern X-ray diffractometer in Bragg—Brentano geometry (26 = 10°-90°, scanning speed 0.33
deg/min, step size 0.02°). Data processing was conducted using OriginPro2019.

The samples underwent thermal treatment at 1250 °C for 4 hours. Figure 1 shows the X-
ray diffraction pattern of p-type Si (control, black curve). It is evident that structural reflections
include a peak with maximum intensity at 20 = 28.39° (d/n = 0.3141 nm), which corresponds to
the (111) orientation. The high intensity (3.9-10° counts/sec) and small full width at half maximum
(FWHM = 2.97-1073 rad) confirm the high crystallinity. Reflections of the second (222) and third
(333) orders were also observed at 26 = 58.78° and 94.9°, respectively, indicating microdistortions
of the lattice due to the uneven distribution of oxygen atoms, one of the primary impurities in
silicon. These distortions in the Si lattice cause a non-monotonic inelastic background in the X-
ray pattern, associated with the filling of unsaturated silicon-oxygen bonds with oxygen atoms.
This leads to the formation of a thin surface layer (1-2 um thick) on n-Si belonging to a different
phase group. The structural parameters of this layer are a = b = 4.9762 nm, ¢ = 5.4321 nm,
corresponding to a trigonal lattice (space group P321). It was experimentally established that the
lattice parameter of the control n-Si wafer is aSi = 0.5441 nm.

Doping silicon with Pt atoms at 1250 °C for 4 hours causes significant changes. The lattice
parameter of the doped sample is aSi = 0.5404 nm, corresponding to a deformation of Aa = 0.004
nm. This is due to differences in the ionic radii of oxygen, platinum, and silicon. The intensities
of the (111), (222), and (333) reflections decreased by 3.1%, 36.5%, and 54.4%, respectively, and
their positions shifted toward lower angles, indicating the formation of defects and microstrains.
The intensity ratio 1(222)/I(111) = 4.8-10~* points to the presence of bulk defects formed during
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slow cooling.

Additional reflections corresponding to SiO2 and SiPt compounds are also observed in the
X-ray pattern (see Fig. 2). These structures are formed due to the interaction of diffusing Pt atoms
with oxygen from background impurities in silicon [5, 6]. As a result, crystalline regions and
polycrystalline oxide layers form in the near-surface areas. The level of the inelastic background
becomes more monotonic, especially at medium and high scattering angles, confirming the
accumulation of SiO: and SiPt crystallites.

Slow cooling of the samples after diffusion leads to the formation of unsaturated bonds
caused by a deficiency of oxygen and platinum in the ordered silicon—oxygen—platinum atomic
structure. This promotes the formation of small clusters composed of a limited number of atoms,
which cause diffuse scattering at small angles in the X-ray diffraction pattern.

Control p-Si (1250 °C)

A T Comaleswse 0,
— Doped p-Si<Pt> (1250 'C, Slowly cooled)
1000000 5 —— Doped p-Si<Pt> (1250 °C, Quickly cooled)
13
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Fig. 1. X-ray diffraction patterns of p- Fig. 2. X-ray diffraction patterns of p-Si
Si (control,  black curve, annealed at atsmall and medium scattering angles: control

1250 °C), Pt-doped samples with slow sample (black curve, annealed at 1250 °C), Pt-
cooling (red curve, annealed at 1250 °C), and doped sample with slow cooling (red curve,
Pt-doped samples with rapid cooling (blue annealed at 1250 °C), and Pt-doped sample with
curve, annealed at 1250 °C). rapid cooling (blue curve, annealed at 1250 °C).

After thermal treatment at 1250 °C followed by rapid cooling at a rate of 300 °C/s, a
significant difference in the X-ray diffraction pattern of the treated samples compared to the
control was observed (Fig. 1, red curve). The intensity of the (111) structural reflection decreased
by a factor of 1.5, and the diffraction angle of this reflection shifted toward higher angles. The
lattice parameter of the platinum-doped silicon was determined to be asi<pt- = 0.5451 nm, with a
lattice deformation of Aa = 0.001 nm. These changes confirm the formation of microstrains and
defects in the crystal lattice as a result of thermal processing and rapid cooling.

The intensities of the second-order (222) and third-order (333) reflections decreased by
factors of 4 and 2.5, respectively. The presence of the forbidden second-order (222) line in the X-
ray pattern indicates microdeformations arising from prolonged annealing at 1250 °C and
subsequent rapid cooling. The intensity ratio [(222)/I(111) = 4.7x107%, which is 4.7 times greater
than the standard value of 107, confirms the presence of significant microstrains in the crystal
lattice.

The samples underwent thermal treatment at 1250 °C for 4 hours, followed by rapid cooling
at 300 °C/s. X-ray structural analysis was carried out on the treated samples, and the results are
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presented in Fig. 1 (blue curve). The diffraction pattern of the treated p-Si wafers differs
significantly from that of the control samples, showing a 1.5-fold decrease in the intensity of the
(111) reflection (see Fig. 1, blue curve). Moreover, the diffraction angle of the (111) reflection
shifted toward larger angles, and the corresponding lattice parameter was found to be asi<pt= =
0.5451 nm, with a deviation of Aa = 0.001 nm.

Rapid cooling after diffusion led to a reduction in the size of subcrystallites and an increase
in their number at the boundaries, which contributes to the growth of defect-prone regions. This
enhances the likelihood of oxygen atoms interacting with silicon atoms in the bulk, resulting in
crystallite formation during cooling. The ionic radius of oxygen (1.40 A) is significantly larger
than that of silicon (0.42 A), which leads to oxygen atoms concentrating at unsaturated bonds along
the subcrystallite boundaries [7]. This nature of oxygen promotes the formation of structural
fragments with low symmetry among the highly symmetric silicon subcrystallites [8-9]. As a
result, lattice deformations arise, manifested by an increase in the level of the inelastic background
and the appearance of diffuse reflections associated with SiOx fragments at small scattering angles.
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ABTOMATHU3UNPOBAHHASA CUCTEMA YIIPABJIEHUSA BOJAAHBIMUA
PECYPCAMMU HA OCHOBE 3JIEMEHTOB MUKPOQJIEKTPOHUKHU

0.X. Kyanamos, I'.Y. Kapumooesa, ¥.C. Pyctamos
Hayuno-uccneoosamenvckuti uncmumym @u3uku noiLynpo8oOHUKOS U
Mukpoanekmpounuku npu HY'Y3

OxHUM U3 OCHOBHBIX (DaKTOPOB OOECIEUEHHUs pPa3BUTHS SKOHOMHUKU  SBISETCA
paloHaIbHOE MCIIONb30BAaHUE IHEPreTUUECKUX pecypcoB. B cocTaB sHEpropecypcoB Takke
BXOJHUT BOJA, KOTOpas CUMTAETCs HEOOXOIMMOM MJisi CENBbCKOTO XO3dWcTBa. PammonambHOE
MCIIOJIb30BAaHUE BOJIbI U BOJHBIX PECYpCOB B YCIOBUAX HAIlleH pecnyONMKU SBISETCS OJAHUM U3
BAKHEUIIMX 3a7a4 CTOSIIMMH Iepe] YYEHbIX U cHeruanuctoB. OTCYyTCTBUE HaAJICkKAIIETro
WCIIOJIb30BaHUs BOJBI Ha MPOTSKEHUHW MHOTHX JIET MOXET NMPUBECTH K TaKUM IpoOieMaM, Kak
po0JIeMbI Opaia.

s Toro 4TOOBI MPAaBUIBHO HCIOJIB30BATh MMEIOIIMECS BOJHBIE PECYPCHI, HEOOXOIUMO
IIPABUJIBHO ITPOBOJUTH YUET U pacCIpeieI€HUE BOIbI, IOMUMO MOJAEPKAHUSI COCTOSTHUS BOJSHBIX
y3JI0B, MEJIMOPAaTUBHOIO COCTOSIHUS 3€MJIM Ha HEoOXoauMoM ypoBHe. [l 3TOoro B yuyere u
mpoueccax ydera BOAHBIX PECYpCOB  JIOJDKHBI  IIMPOKO IPUMEHATHCS COBPEMEHHBIE
MHUKPOIIPOLIECCOPHBIE YCTPOMCTBA M CHUCTEMbI, OCHOBAaHHBIE Ha COBPEMEHHBIX KOMIIBIOTEPHBIX
TeXHOJIOTUsX. B 31Ol 00nacT HamMu OBLIM NMPOBEICHBI ONpeesieHHbIE paboThl U pa3paboTaHa
roToBass K NPUMEHEHHMIO aBTOMAaTHU3MPOBAHHAs CHCTEMAa y4yeTa M paCHpElEICHHE BOISHbBIE
pecypcst [1-2].

[Ipennaraemass KOMIIBIOTEpHAs CHCTEMa aBTOMAaTH3alUM OO0JIaJaeT  CIeAYIOUIUMHU
BO3MOXKHOCTSIMHU:

- Benenue yueta BogonoTpeOieHus B OHIAWH-CUCTEME;

- Yuer 3amacel BOAEI B BOJOEMAX;

- XpaHeHHE 3HAUEHUE NEPUOJUYECKHE PACIPEAEICHUS BOAbl B PEKUME X PEaJbHOIO
BpEMEHU (pPEeKUME apXUBHOI'O IPOCMOTPA);

- /IucTaHIIMOHHOE YIIPaBIEHUE PACIIPEAEIIEHUEM BOJBI B PEKUME PEAIIBHOIO BPEMEHH;

- YcTaHOBIIEHHE aBTOMAaTHYECKOI'O YIPABJICHUS paclpesielieHHeM BOAONOTPEOIIeHUs Ha
OCHOBE 3apaHee 3aJJaHHOTO0 BPEMEHHBIMU T'Pa(HKOB;

- Curnanusanusi u 3aich B QpXUB O TEXHUYECKUX HEMCIPABHOCTH, HAOII0JaeMOH B y3i1ax
KaHaJIOB paclpe/esieHus;

- ABTOoMaTHyeckoe (OpMUPOBAHHE €KETHEBHOTO, €KEMECIYHOIO OTUYETA O MOTPEOICHUN
BOJIbI;

- Opranusanys aBapuiHOTO peKUMa IIPYU PacpeeIIEHUN BOIBI.

- CozaHue KpyImHOU AUCHETYEPCKOM CiTyKOBI yIpaBiIeHUs] BOJOCHAOKEHHEM;

- Ilepenaua mHpOpPMALUU LEHTPAIBHOTO YIPABICHUS BOJAA DPACHpPEACICHHUS IPYTUM
HEOO0XOUMBIM ITYHKTaM B PEKUME OHJIAIH.

Jnst opraHu3any  KOMITBIOTEPHOW CHCTEMBI YIpaBJICHUS TMOTPEOYIOTCS ClEeayIoe
TEXHUYECKHUE YCTPOMCTBA:

- Kommnsrorep;
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- MukponpoiieccopHble BTOPHUYHBIE H3MEpPUTEIbHBIE YCTPOHCTBA(MX KOJIUYECTBO
OIpeEIsAETCS KOJIMYECTBOM KaHAJIOB YIIPaBJIECHU);

- KonBeprop unrtepdeiica RS-232 / RS-485;

- YCTpOMCTBAa U3MEPEHHS CKOPOCTHU BOJIBI C aHAJIOTOBBIM BBIXOJIOM;

- I3MepuTenbHble YCTPOUCTBA U3MEPEHUS YPOBHS;

- DnekTpuueckre o00pyAOBaHUSA C YaCTOTHBIM IpeoOpazoBaTeseM Ui yIpaBieHUS U
KOHTPOJISI COCTOSIHUEM IHOEPOB;

- Mopems! 1715 nepefayud u npuemMa 1udpoBoil HHGopMalu.

brnok cxema aBTOMATH3MPOBAHHOW CHUCTEMBl YIpaBieHHs  OTOOpakeHa B OOIIEM

caenyromuM Buae (puc.l):

r MuxkponpoieccopHoe > — Y
aTYNKHU . anuoMoEM
YCTPOI/ICTBT AHTeHHa

HcnonHuTtenbHbIE -

N
[N
v\

MEXaHU3MBbI S
A \
[enTpanbHbIit Ienrpanshas
Kommnprorep |#=% | KOHBEPTOpP p
MOAEM aHTEHHa

Puc.1. Biok cxema cucreMal.

Hamu Bb1OpanHbIii paguomoaem HeBon maeT BO3ZMOKHOCTH MOJKIIIOUEHHUE A0 256 y37I0B
ynpasieHus. Ilpu sToM Kaxaplii MOeM MOXKeT paboTaeT OJHOBPEMEHHO KaK IpeM Iepesadu
UHPOPMALIUU U KaK PETPAHCIATOP, YTO MO3BOJSET pacIIMpEeHUe CHCTEMBbI M0 paccTossHuAM. C
paclIMpeHreM IIOPTOB B YIIPABIISIOIIMM KOMITBIOTEPE MOXKHO pacIIUpsATh cuctemsl 10 1024 y3moB
ynpasieHus [2].

[Ipn npoexkTupoBaHUU HKCHEPUMEHTATBHON CHUCTEMBI YNpPaBJICHHS] BOJHBIMU pECypcamu
WCIIOJIH30BAJICSI MHUKPOTIPOIIECCOPHBIE YCTPOUCTB pa3paboTaHHbIE POCCUIUCKUMH KOMMaHUsIMU. B
KayeCTBE BTOPUYHOTO U3MEPUTEIILHOTO U YIIPABJISIOLIET0 YCTPOMCTBA MPUMEHSIICS 2-KaHaJIbHBIN
mukponpoueccop MB110224-2A u 4-x KaHaJIbHBII MOAYNb IUCKPETHOIO BBOJAA BBIBOJA
MK110 220-4P, a kak Jgaryuk JUiss HW3MEPEHUs pacxofa BOJbI  HCIOJB30BAJICA
MOJICPHU3MPOBaHHAs «BEPTYIIKa» U yIbTpa3BykoBoe ypoBHemep «CeHcyc». IlepBbril gaTumk
MMEET AUCKPETHBIN BBIXOJI, BBIIAET UMITYJIbCHI IPONOPIUOHAIBHO K CKOPOCTH BOJSHBIE IIOTOKA.
VYapTpa 3ByKOBOM JaTYHUK YPOBHS MMEET aHAJIOTOBBIN BbIX0A 4-20 MA.

KanmubpoBka qaTurika CKOPOCTH MPOU3BOIUINCH COTIACHO MeToAnKH, ykazaHHbie B ['OCT.

ANTOpPUTM yTIpaBICHHS] TEXHOJOTMYECKHM IPOILIECCOM 3alporpaMMHUpPOBaH Ha OCHOBE
MHCTPYMEHTAJILHOTO MPOTrpaMMHOr0 Komiuiekca Trace Mode M ycCTaHOBIIEH Ha KOMIIBIOTEP.
VYmpaBneHnue pacrpeie’leHMeM BOAHBIX PECYPCOB C IOMOIIBIO MPOrPaMMHOTO KOMILIEKCa
OCYIIIECTBIISIETCS C TOMOIIBI0 MHEMOCXEMBI, KOTOpas BBIPAXKAETCA B CUCTEMAX pPEATBHOTO
BpEMEHHU COCTOsiHuEM Y370B. Ilporecc pacrpenesneHuss BOJONOTPEOICHUS MOAIEPKUBACTCS B
BU/JIE TPEHJIOB K apXUBY B CUCTEMAaX PEaJbHOr0 BpeMEHU. MOYKHO MPOAHAIN3UPOBATh CUTYALIHUIO
pacnpezeneHus BOJAHBIX PECYPCOB, BEIPAXKEHHYIO B TPEHIaX B HY)KHOE BPEMsI.

C nmnomomipl0 mporpaMMHOTO KomIuiekca Trace Mode pasnmena '"miaGioHHBIE
oTueThl"pa3paboTaHa cCTEMa aBTOMaTHUYECKOI reHepaluy eXeIHEBHbIX, €)KEeMECIYHBIX CUETOB.
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PaccmaTpuBaeTcs BO3MOXKHOCTD afanTalyuy pa3paboTaHHOTO MPOEKTa K MI00aTbHBIM MU
MECTHBIM CHCTeMaM BOJIbl pacnpeneneHus. CUrHaibl, MOJYyYEHHbIE C MOMOIIBIO JTATYMKOB B
BOJIHBIX KaHAJIaX, COOMPAIOTCS C TIOMOIIBIO aHTEHH M PaJuOMOJIeMa HEBOI-S I YIpaBIICHUS
BOJAHBIM pecypcamu. C MOMOIIBIO MPOTrpaMMbl, YCTAHOBIIEHHOW Ha KommbioTepe B Llentpe
YIOpPaBJICHUS, OCYILIECTBIAECTCS pacueT pacxoja BOJAbL, a B CHCTEMax pPEalbHOIO0 BpPEMEHU
OCYIIECTBIISIETCSl ympaBieHHe IubepaMu BojokaHaloB. C ydyeToM  HHU3KOM MOTpeOIeHUU
3JIeKTpo3HEepruu obopynoBanusm cucteMbl(MB u MK - 8 Bt, mogem -5 Br, gatuuku mo 5 BT)
MO>KHO OPTaHHW30BaTh aBTOHOMHOTO 3JIEKTPOCHAOKEHUS C MPUMEHEHHEM COJIHEYHOTO MaHENH.
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TECHNOLOGY FOR OBTAINING AN EFFECTIVE DISINFECTION
ENVIRONMENT FROM ECOLOGICALLY CLEAN AND MULTIFUNCTIONAL
QUARTZ LAMPS
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!Namangan State Technical University,
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The innovative technology of environmentally friendly and multifunctional quartz lamps
(EFMQL) prevents the spread of infectious diseases that spread among people in various
environments . It provides high efficiency in emergency situations and provides remote control
using a solar photovoltaic cell in situations of power outages. EFMQL destroys microorganisms,
including viruses, bacteria and fungi, with high efficiency through electromagnetic radiation.
EFMQL rays destroy the DNA and RNA structure of microorganisms, as a result of which they
are deprived of the ability to reproduce[1-3]. This technology is widely used in the purification of
microbes in water, in medical institutions, schools, production processes, in the ventilation system
of multi-storey buildings and mining and metallurgical industries, and in other public places.
Along with the possibility of easy installation, it works effectively in any environment. The
disinfection process with EFMQL technology is carried out very quickly, which is very important
for ensuring clean air and hygienic conditions in all facilities. Modern EFMQL technology has
minimal harmful effects, which makes them safe for humans and environmentally friendly. The
electrophysical characteristics (scientific) side of the device we offer is that the wavelength of
Ultraviolet (UV) light used in the disinfection process is usually between 100 nm and 320 nm.
This wavelength includes UV rays that interact with the DNA and RNA structure of
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microorganisms, including bacteria and viruses, and neutralize them. For example, the energy of
a wave with a wavelength of 280 nm is equal to 7.1x 10-19 J. There are many ways to generate
this energy, one of which is based on thermionic emission . The electrodes ionize the gas,
generating -kT energy. This energy allows the emission of UV rays. Disinfecting devices, in
particular, contain mercury gas (Hg-mercury vapor) [4]. This energy is balanced by a choke when
it is first supplied and the first impulse is given by the stator. If there is a change in the energy
source, the input is stabilized by a capacitor with a large voltage and capacity. The on-off times
are determined by a microcontroller. The solar cell converts light energy into electrical energy and
the voltage goes to a high state. The innovative EFMQL technology includes the following
devices. The choke controls this current, adjusting the amount of electrical current so that the lamp
operates within its normal operating parameters. The starter controls the starting current, reducing
the high current at start-up and ionizing the gas inside the lamp. Without a starter, the lamp does
not receive sufficient starting current and voltage to operate normally. Capacitors serve to ensure
the stability of voltage and current during the operation of quartz lamps. The device that calculates
the emission time of the 100nm-320nm wavelength can provide this system with energy by
supplying the consumption power in the range of 25W-60W to the EFMQL technological device
through a solar photovoltaic cell. This, in turn, creates the possibility of controlling the device in
cases of electricity shortage. In this way, we achieve economic efficiency along with
environmental friendliness.

In Figure 1 below, the UV radiation is generally distributed in a spherical pattern, and the
wavelength can be controlled by the energy supplied to the mercury vapor in equilibrium. The UV
radiation is controlled by the power supplied to the quartz lamp by controlling the inductive coils
L1, L2 and L3 on the ground. This in process the lamp anode and to the cathode first voltage 45
V start from receiving after is reduced to 1.5 V. Inductive reels using induction vine management
using next voltage will be lowered and spectrum is adjusted .
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Figure 1. Modern EFMQL technology schematic appearance .

Conclusion

Based on practical experiences obtained in leading countries of the world, it has been
achieved to maintain ultraviolet light at a wavelength that breaks the DNA and RNA bonds of
various harmful bacteria in water and air for a long time.
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GAZ TASHISH USULI ORQALI TEKSTURALI KREMNIYNING
USTIGA YUPQA QATLAMLI CdTe O‘STIRISH

S.A. Muzafarova, A.S. Achilov, Z.M. Xusanov, O.Sh. Norqulov, N.A.Axmedova,
N.O. Odilova
Mirzo Ulug ‘bek nomidagi O zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar
fizikasi va mikroelektronika ilmiy-tadgigot instituti

Oxirgi yillarda butun dunyo bo’ylab energiyaga bo‘lgan talab yildan yilga ortib bormoqgda
va ayrim davlatlarda energiya yetishmasligi kuzatilmogda. Buning asosiy sabablaridan biri
aholining ko’payishi va texnologiyalarning rivojlanib borayotganini misol qilishimiz
mumkin.Hozirgi kunda asosiy elektr energiya manbalari IES,GERS va AESIar hisoblanadi. IESda
elektr olish uchun yoqilg’i sifatida neft, ko’mir,mazut va gaz ishlatiladi.Bu 0’z navbatida o’zidan
tabiatga zararli moddalar chiqaradi ya’ni atmosferani zaharlaydi.So’nggi yillarda dunyo bo’ylab
quyosh nuridan foydalangan holda elektr toki olish ustida ko’plab ishlar tashkil gilingan.

Shu sababli quyosh nuridan foydalanib elektr toki olish ustida keng migyosida tadgiqotlar
amalga oshirilmogda. Quyosh nuridan foydalangan holda elektr toki uchun yarimo’tkazgichli
materillardan foydalanilmoqda. Bulargamisol sifatida, Si, a-Si, CdTe,GaAs, va Cu(In,Ga)(Se,S)2
shu kabi yarimo’tkazgichli elementlarni misol qilish mumkin. Hozirda ularning samaradorligi
quyidagi giymatga teng: Si uchun n = 26,7% (lab.), n=24,4%, (modul); a-Si- n = 14% (lab.),
n=12,3%, (modul)}; CdTe- n = 22,1% (lab.), n=19%, (modul)}; Cu(InGa)Se - n = 23,4% (lab.),
n=19%, (modul) [1]. Yer yuzida Si elementidan tayyorlangan quyosh panellari 95% ni tashkil
giladi. Chunki Si elementi yer yuzida keng targalgan.Si asosida tayyorlanga quyosh panellari
monokristall, polikristall va yupga qatlamli quyosh elementlarni tashkil giladi.

2020 yilda mono-Si asosidagi quyosh modulidan 120, 6 GW, poli-Si asosidagi quyosh
modulidan 23,3 GW va yupga gatlamli quyosh modullaridan 7,7 GW quvvatga teng fotoelektrik
stantsiyalar qurilgan?. Ushbu fotoelektrik stantsiyalardan ishlab chigarilayotgan elektr energiyasi,
butun dunyoda ishlab chiqarilayotgan energiyaning 3,5% dan ortig’ini tashkil etadi [2].
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Shunga garamasdan, ushbu materiallarning ma’lum kamchiliklari hisobiga keng ko’lamda
qguyosh modullarini ishlab chigarish va ular asosida Gega va TeraWatt quvvatli fotoeletrik
stantsiyalar qurish chegaralangan. Si asosidagi quyosh elementlarining kamchiligi: birinchidan
ularning yutilish koeffitsientini kichikligi, bu esa quyosh elementlarini 200-300 mkm galinlikda
tayyorlashga to’g’ri keladi va natijada materialni katta hajmda sarflanishiga olib keladi;
ikkinchidan o’ta toza kremniy o’stirish va quyosh elementining tayyorlanish texnologik jarayonini
ko’pligi va zaxarli kimyoviy moddalarning ko’p ishlatilishi [3]. Bu esa o’stirish texnologiyasini
gimmatga tushishiga va atrof muhitni zararlanishiga olib kelmoqda. Yupga gatlamli quyosh
elementlarining kamchiliklari: amorfniy quyosh elementining samaradorligi past ekanligi, hozirgi
kunga kelib samaradorligi  10-12 % dan oshmagan. CdTe asosida tayyorlangan quyosh panellari
yupga gatlamli quyosh elementlar hisoblanadi.Cd davriy sistemada 2 — gruppa elementi va Te esa
6 —gruppa elementi hisoblanadi. Te o’zidan radioaktiv nur chigaradi. Shuning uchun ham CdTe
asosida tayyorlangan quyosh elementlari yarogli muddatini tugagandan keyin gayta ishlanadi.
Tagiglangan zona kengligi E=1.45 eV xona temperaturasida. Erish temperaturasi Cd uchun
T=321° C, Te uchun T=450° C va CdTe uchun T=1092° C ni tashkil giladi. So‘nggi yillarda Si va
yupqa CdTe o‘rtasidagi geterostrukturani yaratish bo‘yicha tadqiqot ishlari amalga oshirlgan,
chunki bu materiallarga asoslangan geterostrukturalar quyosh energiyasini elektr energiyasiga
aylantirish uchun yugqori effektivlikga ega qurilma bo‘lishi mumkin. Bunday geterostrukturalar
kremniy quyosh elementlarining imkoniyatlarini va yupga kadmiy tellurning afzalliklarini
birlashtiradi. Shu bilan birga, yuqori sifatli CdTe-Si birikmalarni ishlab chigarish giyin, chunki
CdTe va Si ning panjara parametrlari 10-15% ga farg giladi, bu Si/CdTe yuzasida sirt
nugsonlarining yuqori zichligi shakllanishiga olib keladi. Shunga garamay, yaginda olib borilgan
ishlar nSi-pCdTe geterostrukturasida bufer vazifasini bajaradigan oraliq o‘tish qatlamini
shakllantirish orgali sirt nugsonlarining past zichligi bilan yuqori sifatli CdTe-Si birikmalarni
ishlab chigarish mumkinligini ko‘rsatdi.

Ushbu ishning magsadi Si tagliklarida kompozitsion darajali CdTe yupga gatlamlarni
o‘stirish, qatlamlarning tarkibini ularning qalinligi funksiyasi sifatida aniqlash. Ma’lumkai, turli xil
tagliklarda yupga CdTe yupqa gqatlamlari turli xil texnikalar bilan o°‘stirilishi mumkin.
Yarimo’tkazgichli yupqa qatlamlarni kimyoviy usuli bilan o’stiruvchi qurilma asosida Si va yupqa
CdTe geterostruktura o’stirildi. CdTe plyonkalarini cho'ktirish jarayonini amalga oshirayotganda,
yugorida aytib o'tilganidek, Mo substrati kerakli TP harorati zonasiga joylashtirildi va gaz
tashuvchisi (vodorod) atmosferasida gaz bilan ishlov berishdan o'tkazildi. Barcha CdTe plyonka
cho'kma jarayonlarida TI manbai va TP substratining harorati mos ravishda 600 +~ 1000 ° C va
600 + 700 ° C harorat oralig'ida o'zgargan. Bug'langan moddaning miqdori bug'lanish manbaidagi
CdTe kukuni og'irligining kamayishi bilan aniglandi (6).

1-rasmda CdTe bug'lanish tezligining H2> ogim tezligiga bog'ligligining eksperimental
natijalari ko'rsatilgan, bug'lanish moslamasining har xil haroratida T, : hisoblangan, 2 - 650 ° C, 3
-850 °C, 4 -950 ° C . Optimal CdTe yotqizish sharoitida polikristalli CdTe ning gatlamlarini
cho'ktirishning texnologik parametrlari quyidagicha :

1) CdTe namunasi - m = 700 mg;

2) Substrat harorati Tp = ~670°C;

3) Manba harorati Tl = Ty = 980°C;

4) Vodorod oqimi tezligi 1,5 I/soat;

6) Atom tarkibi mTe/mCd = 49,65/50,35;

7) O'sish tezligi, ~670°C da, Pcdte = 300 um/h;
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8) CdTe qalinligi =200 + 250 um,;
9) O'sish vaqti 40 +~ 50 min.
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Rasm. 1. Polikristal CdTe plyonkalarini gaz tashish usuli bilan o’stirish uchun reaktorning
sxematik diagrammasi (a) va ikki zonali pechning haroratga bog'ligligi grafigi (b);

1- ogar suv bilan sovutilgan gardish,

2- muhrlangan mahkamlash gardish,

3-kvars quvurli reaktor,

4- evaporatator uchun xromel-alumel termojuft,

5- pastki grafit ushlagichi,

6- bug'langan materialning manbai,

7 - yuqori kvarts oynasi,

8- molibden substrati,

9 - yuqori grafit gopgoq,

10 - olinadigan pech,

11- pastki kvarts oynasi,

Substrat uchun 12 xromel alumel termojufti,

13 - tizimga tashuvchi gazni etkazib berish uchun quwvur.

CdTe plyonkalarining sovutish tezligi dagiqada 10 = 5 nm/S ni tashkil etdi.

Texnologik sharoitlar yotgizilgan CdTe plyonkalarining tuzilishiga ta'sir giluvchi asosiy

omillardir. Dissertatsiya vodorod ogimida gazni tashish usuli bilan cho'ktirish jarayonida vodorod
ogimi tezligiga, substrat harorati TP va bug'lanish moslamasining harorati Tlga garab CdTe

plyonkalarining tuzilishi, morfologiyasi va tarkibini o'rganadi.
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ENERGIYA SAMARADOR KOMPOZITSION MATERIALLARDAN
ELEKTROTEXNIKA SANOATIDA FOYDALANISH

U.T.Berdiyev, O¢.B. Sulaymonov, O.F. Sayfilloyev
‘Toshkent davlat transport universiteti, Toshkent, O ‘zbekiston
berdiev1962@inbox

Elektr energetika sanoatida asosan elektr qarshiligi past yoki yuqori bo‘lgan metallar va
gotishmalardan foydalaniladi. Masalan, o‘tkazgichlar, ular elektr qarshiligi imkoni boricha past
metallardan, ya’ni toza metallar — alyuminiy, mis, kumush va temirdan tayyorlanadi, elektr
pechlari va asboblarining gizdirish elementlari, shuningdek, turli xil elementlar, reostatlar va
boshqalar tayyorlash uchun esa, aksincha, elektr qarshiligi yuqori bo‘lgan materiallar —
gotishmalar ko‘proq ishlatiladi. Buning sababi shuki, qotishmalardagi qattiq eritmalar shu
gotishmalarning elektr qarshiligini oshirib yuboradi, toza metallarda esa qattiq eritmalar bo‘lmaydi
[1, 2]. Aslida elektr qarshiligi yuqori bo‘lgan qotishmalar qattiq eritmalar hosil giluvchi
metallardan tayyorlanishi kerak.

Amalda qo‘llaniladigan materiallardan, masalan elektrotexnik pulatdan elektrotexnik
jixozlarning energetik parametrlarini yaxshilashning imkoni yo‘q, shuning uchun yangi
kompozitsion materiallarni ishlab chiqish va ularni elektr jihozlar o‘zaklarini tayyorlashda
foydalanish asosida magnit maydonni o‘zgartirish talab etiladi [2, 3].

Shunga asosan, kompozitsion materiallarning asosily Xxususiyatlari, ya’ni magnit
singdiruvchanlik, magnit induksiyasi, o‘ta magnitlanishdagi isroflar va mexanik xususiyatlari
amalda foydalaniladigan laminatsiyalangan magnit metalllarnikidan afzal bo‘lishi zarur [2, 3].

Magnit jihatidan yumshoq po‘latlar va qotishmalar uchun eng zararli qo‘shimchalar uglerod,
oltingugurt, kislorod va azotdir. Bu qo‘shimchalar ferritda deyarli erimaydi va tegishlicha sementit
va sul’fid zarrachalari, shuningdek, metallmas qo‘shilmalar tarzida bo‘ladi. Uglerodning zararli
ta’siri ayniqgsa katta [1, 3]. Bu qo‘shimchalar miqdori hatto juda oz bo‘lganda ham magnit jihatidan
yumshog materialning magnit kirituvchanligi pasayib, gisterezisga ketadigan isroflar oshadi.
Demak, magnit jihatidan yumshoq eng ma’qul material toza metallar, birinchi navbatda esa
texnikaviy toza temir, ya’ni tarkibida juda kam (ko‘pi bilan 0,04%) uglerod bo‘lgan po‘latlar
Kiradi.

Texnikaviy temirning har bir markasi magnit xossalari ularning struktura holatiga ham
bog‘liq bo‘ladi. Masalan, ustma-ust joylashtirish temirning magnit xossalarini pasaytiradi, temir
donalarining yiriklashuvi esa uning magnit xossalarini yaxshilaydi [3]. Texnikaviy temirning
donalarini yiriklashtirish uchun u yugori haroratda yumshatiladi. Texnikaviy temir elektromagnit
o‘zaklari va qutblari, rele, magnit ekranlari va boshga detallar tayyorlash uchun ishlatiladi.
Texnikaviy temirning magnit kirituvchanligi katta, koersitiv kuchi esa kichik, ammo elektr
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garshiligi past, demak, uyurma toklarga ketadigan isroflari katta bo‘ladi, shu sababli elektr
mashinalari va transformatorlar uchun bunday temir to‘g‘ri kelmaydi [2, 4].

Tajriba natijasida olingan ma’lumotlar yangi kompozitsion materiallar ishlab chiqish mumkinligi
va ularni har xil yangi turdagi elektrotexnik qurilmalarni ishlab chigishda amalda qullash mumkinligini
kursatmoqda.
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1-rasm. ASC100.29 turidagi magnit kompozitning tuliq davr bo‘yicha (1), xususiy
davr bo‘yicha umumiy elektromagnit isroflarining chastota 1 kGs bo‘lganda magnit
induksiyasiga bog‘lanishi.

Materiallarning mexanik va elektromagnit xarakteristikalarini [3] ularning olinish
shartlariga bog‘lanishi kompozitsion materiallarning berilgan magnit va elektr xususiyatlari bilan
tahlil gilish imkoniyatlarini beradi [2, 4]. Olingan natijalar shuni kursatdiki, bunday materiallar
asosida yuqori chastotali o‘zgartirgichlar yuqori samarali o‘qli elektr motorlar va generatorlar,
keng istemoldagi magnit komponentlarni yaratish imkonini beradi. Kompozitsion magnit
materialning elektrotexnik pulatga va boshga eritmalarga nisbatan afzalligi, ularni elektr
mashinalarda keng qullashda yuqori solishtirma quvvatini ta’minlash maqgsadida yuqori aylanish
tezlikda va kam isroflar bilan ishlashiga imkon yaratadi [3, 4].

Tajriba asosida olingan materiallar elektrotexnik pulatni almashtirish imkonini beradi va
sezilarli darajada taklif etilayotgan elektr motorlar parametrlarini yaxshilaydi, massa-gabarit
o‘lchamlarini va isroflarni kamaytiradi hamda jixozning narxini orzonlashtiradi.
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TPEXIBETHBIN CBETOJIUOJIHBINA U3JTYUYATEJD AJI51 KOHTPOJIS
BJIAZKHOCTHA
I'.0. Kyanamos!, M.Y.DpKkunos?
YHayuonanouwiii nayuno-uccnedosamensckuii uncmunym 60306HO6IAEMbIX UCTOYHUKOB
anepeuu npu Munucmepcmee snepzemuxu Y3bexucmana,.
2Depeancaruii NOTUMEXHUYECKUT UHCIIUMYM, ACCUCTIEH

Ki1roueBbIM 3JIEMEHTOM TPEXLBETHOI'O CBETOAMOJHOTO MOJIYJIS SIBISIOTCS CBETOAMOJHbIC
TFETEPOCTPYKTYPhl Ha OCHOBE Y3KO30HHBIX IIOJYIPOBOJHUKOBBIX MarepuayioB A’BS. JlnuHa
BOJIHBI U3JIYYEHHS] CBETOIMO/IA ONPEICISIeTCs IUPUHOMN 3alPEIIEHHONW 30HbI, TO €CTh COCTAaBOM
TBEP/IOTO pacCTBOpa B aKTUBHOM ob6nacTh. J{Jist cBeToaroa ¢ MaKCUMyMOM u3ydeHus Ha 1650 aM
B aKTHBHOW 0OJIaCTH MpUMEHSIETCS YeTBepHOU TBepablid pactBop AlGaAsSb ¢ conepxanuem
ammomunus 3%. g cBetoguona ¢ MakcuMyMoM u3nydeHus: Ha 1940 HM B akTUBHOHM 00s1acTu
npUMeHsieTcss 4eTBepHo TBepAblii pacTtBop GalnAsSb ¢ coxmepxkanuem wunaus 9%. s
CBETOJINO0/Ia C MAKCUMYMOM H3nydeHust Ha 2200 HM B aKTUBHON 00JIaCTH IPUMEHSETCS YETBEPHOI
TBepabIi pactBop GalnAsSb ¢ comepxanuem unnus 19%. Bo Bcex cimydasx MUPOKO30HHBIN
TBepAbll pactBop AlGaAsSe ¢ coxpepxanueM amoMuHusg 64% mpuUMeEHsieTcs B KauecTBe
AJIEKTPOHHOTO orpaHuueHusi. CTPYKTYphl BBIpAIIMBAIOTCS Ha momioxkkax GaSb meromom
xunkogasnoir smurtakcuu (LPE) wnm ra3zodasHoit smuTakcMM W3 METaNIOOpPTraHUYECKUX
coenunenuit (MOCVD) [1-2].

U3 retepocTpykTyp ¢ moMomibio Goronurorpaguu GopMUPYIOTCS CBETOIMOIHBIC UHIIBI
pazmepoM or 0.3x0.3 mm nmo 1.0x1.0 mMMm. 3areM 4yunm MOHTHpPYETCSd Ha KEPaMHUYECKOH WU
KpeMHHeBOM noasioxkke pazmepoM ot 0.8x0.8 mm 10 2.0%2.0 MM. TpexuBeTHbIM CBETOANO AJIS
KOHTPOJIS BIIaKHOCTH XJIONKA-ChIpLIa MPEACTaBiIeH Ha puc. 1.

TpexXuBeTHBIN CBETOAMO/I BKIKOYAET:

1- wu3mepuTenbHBIN CBETOAMOAHBIN ynn 1t BojdokHa LED 16
2- W3MEPUTEBHBIN CBETOIUOHBIN 9ut Jiist BOasl LED 19

3- omopHsIi cBeToaroaHbBIN unt LED 22

4- mapabonmdeckuil pedaeKTop

5- KepaMHuecKue MOJI0KKU

6- ImaT4MK TemmepaTyphl

7- TEepMOXOIIOAUIBLHUK

8- KBaplEeBOE CTEKIIO

9- kopmyc TO-39

Monyns MoHTHpYETCS B cTaHaapTHOM kopryce TO-39 ¢ BeiBogamu (9). BetpanBaembrii B
KOpImyc TepMoXonommibHUK (d1emeHT [lentse) pasmepom 3x3 mm (7) obecneunBaer
TEMITEpaTypHBIN Tepernai MeXIy TOpsYdM U XOJIOJHBIM KOHIIaMH 0€3 Harpy3ku MUHHUMYM 60
rpaaycoB. K Xo101HOMY KOHITY TEPMOXOJIOAMIBHUKA MIPUKICUBACTCS JATUUK TeMIepaTypsl (6).

Ha cB0601HY0 MOBEPXHOCTH XOJIOJHOTO KOHIIA TEPMOXOJIOIUIBHIKA IPUKIICUBAIOTCS TPU
3apaHee CMOHTHUPOBAHHBIX HA IMOJUIOKKAX CBETOAMOJHBIX UYWIIA, W3JIYYAIOUIMX HA JIJIMHAX BOJIH
1650 am (LED 16), 1940 am (LED 19) u 2200 am (LED 22) (1, 2 u 3). AHOIBI U KaTOMbI
CBETOJINOJIOB CBSI3BIBAOTCS 30JIOTBIMH IPOBOJIOYKAMH C YETHIPhMSI BHEITHUMH BBIBOJaMH 1-3, 6
kopryca TO-39 (puc.1). BeiBoabl TEpMOXOIOIUILHUKA M JATYUKA TEMIIEPATYPHI CBSA3BIBAIOTCS C
BHEIIHUMH BhIBoamu 4, 5, 7, 8 xopmyca TO-39. K koprycy npuBapuBaeTcsi mapaboandecKuit
pedIIEKTOp C OKHOM UaMeTpoM 15 MM Il CyKeHHsI TarpaMMbl HallpaBJI€HHOCTH.
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7 s

|

1

Puc.1. TpexuBeTHbI ¢BeTOANO AJISI KOHTPOJISI BJAKHOCTH

Ha puc.2. npuBenena 610k cxema TpEXBOJIHOBOIO BJIaroMepa C JBYMsl U3MEPUTEIbHBIMU
KaHajgamu. Bnaromep coctouT u3 ¢GopMupoBarensl SKCIOHEHIMAJbHOTO HAIpPSKEHUS, TPEX
U3ITyYaloUIMX JUOJO0B (M3JIyHalolMX HAa OMOPHOW, M3MEPUTENIbHON JJIMHAX BOJH M HA JUIMHE
BOJIHBI, JIeKalllell B I0JIOCE MOTJIOIEHUS HEHH(OPMATUBHBIX MapaMeTpoB), KOHTPOJIUPYEMOIO
00beKTa, (oTONpUEMHUKAa M OJoKa 0O0pabOTKH (POTOINEKTpHUUECKOro curHaia. llpumeHeHue
(GYHKIMOHAIBHON pa3BepPTKH B JIAHHOM CJIyyae MO3BOJISIET MOBBICUTH TOYHOCTb M YIPOCTHUTh
cxeMmy BiaroMepa. O6a onopHble NOTOKH (HOPMUPYIOTCS MO CHAJAIOIIEMY SKCIOHEHIIMAIBHOMY
3aKOHY.

ONTORIEKTPOHHBI TPEXBOJHOBOW BJjaroMep BKJIOuYaeT cels: 1- 3amaromuii TeHeparop;
2- IeNUATENb YacTOThI; 3, 4- MOAYISATOPBI DKCIIOHEHTHI COOTBETCTBEHHO; S5- KOHTPOJIHUPYEMBIH
00BekT; 6- poronpuémuuk; 7,10- nuddepeHnupyronme yCcTpoicTBa; 8- cXema COBIAJICHUS;
9- cuérunk ummnynscoB. Bnaromep padotaer cinenyromum oopazom. KoHTpoaupyeMmslil MmaTeprain
WY U3JIeNIne 00JTydaeTcst TpEMsi CBETOBBIMHU ITOTOKAaMH OT CBETOAMOI0B HAa U3MEPUTENIbHON JUTHHE
BOJHBI A1=1.94 MKM ¥ Ha JByMs OMOPHBIMH JJTAHAMHU BOJIH — COOTBETCTBEHHO A2=1.6 MKM U
A3=2.2 MKM. 3anatomiuii reneparop | BeipabaThIBaeT MPSAMOYTOIbHBIC UMITYIBCHI, ’TH UMITYJIbChHI
MOCTYIAIOT Ha BXOAbl MOAYISTOPOB IKCIIOHEHTHI 3,4 M HA BXOJ JAENTUTENS 2 4aCTOThI, KOTOPBIN
CUHXPOHM3UPYET Hauano GOopMUPOBAHUS SKCIIOHEHTHI U 3aMOTHSIIONIMX UMITYJIbCOB, UAYIIHX OT
3a/1al01LET0 TeHEpaTopa.
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Puc. 2. Biiok cxeMa 0nT03/1eKTPOHHOI0 TPEXBOJHOBOI0 BJIaromMepa

CdopmupoBaHHBIE UMIYJILCHl TOKA MPOTEKAIOT Yepe3 CBETOJIMO/ABI U BBI3BIBAIOT TIOTOKU C
TpeMmsl JUIMHAMU BOJIH. DTH MOTOKH, IPOB3aMMOICHCTBOBABIIINE C KOHTPOIUPYEMBIM OOBEKTOM,
npuHUMAIOTCS poTonpuéMHrUKoM 6. CurHaisl ¢ Bbixoga GoTonpuéMHUKa 6 MOCTYMAIOT HAa BXOJ
neporo nuddepenmupyromero ycrpoiicrea 7. IIpomuddepeHmpoBaHHblid CUTHA ¢ BBIXOJA
nepBoro JudPepeHInpyOMEro YCTpoHCTBa 7 MOAAETCs Ha OJIMH U3 BBIXOJIOB CXEMBI COBITAICHUS
8. Ha gmpyroii BbIXOJ CXEMBI COBMHAJACHHS § TIOMAJaeT CUTHAJI C BBIXOJAa BTOPOTO
muddepermupyromero ycrpoiicrsa 10. Ha BeIxo/ie cxeMbl COBIMaIeHUs 8 ¢ Havaja SKCIIOHEHTHI
JI0 MOMEHTa TiepeMeHbl (ha3bl (OTOAIEKTPUIECKOTO CUTHAJA MOSBISIOTCS UMITYNIbChl. CUTHAM
BBIXOJIa CXEMbI COBIAJCHUS NOAAETCS HA CUETYMK HUMITYJIBCOB, MO IOKA3aHUI KOTOPOTO
OTIpeIeIAeTCS BIAKHOCTh KOHTPOJIUPYEMOTO 00BEKTA.
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n-Si<Ni> NAMUNALAR ASOSIDAGI HARORAT DATCHIKLAR
TAYYORLASHDA OMIK KONTAKT OLISH TEXNOLOGIYASI

M.I. Mannanov?, 1.M. Nishanov?
10 zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar fizikasi va mikroelektronika
ilmiy-tadgiqot instituti. Toshkent, O zbekiston
20 ‘zbekiston Milliy universiteti
mannonov.2018@mail.ru

Ma’lumki ishlab chiqarish texnologik jarayonlarni avtomatik nazorat qiladigan va
boshqaradigan zamonaviy asboblarning muhim elementlaridan biri harorat datchiklar hisoblanadi.
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Xozirgi kungacha yaratilayotgan harorat datchiklari, haroratni tor oralig‘ini o‘lchashga
moslashganligi va ularni elektrofizik parametrlari turli tashqi ta’sirlar natijasida o‘zgarib ketishi
muammo bo‘lib qolmoqda. Kremniyga kirishma atomlarini kiritib, harorat o‘zgarishiga sezgir
bo‘lgan harorat datchiklarini yaratish bo‘yicha ilmiy izlanishlar olib borilgan bo‘lsada, u sanoat
texnologiyasida ishlab chiqilgan emas. Ushbu muammoni hal qilish, yaxshilangan degradatsiya
xususiyatlari va parametrlarning barqarorligi, kam energiya iste’moli va o‘lchamlari kichik,
go‘shimcha kuchaytirish tizimlari yo‘qligi, ishlash qulayligini ta’minlaydigan, universal fizik
kattalik datchiklarining tubdan yangi sinfini yaratishga imkon beradi, chunki, ular tashqi
ta’sirlarga juda sezgir bo‘lgan fizik hodisalar asosida ishlaydi va mavjud bo‘lgan datchiklarga
nisbatan sezgirlik va tezlik chegarasi yuqori bo‘ladi.

Yarimo‘tkazgich materiallar asosida yaratilgan asboblar uchun omik kontakt olish
texnologik jarayonning asosiy vazifalaridan biri bo‘lib, yaratilgan asboblarning sifati hamda
ishchi parametrlariga katta ta’sir ko‘rsatadi. Yaratilgan harorat datchiklarga omik kontakt olish
asosan foydanilgan materialni chiqish ishidan kelib chigqan holda amalga oshiriladi. Kremniy
monokristalini chikish ishi Si=4.60+4.85 eV ga tengligi bilgan holda bizga omik kontakt olishda
va harorat datchiklarning sifatiga bog‘liglik tavsifi o‘rganildi. Omik metall gqatlam olish
texnologiyasini takomillashtirish orqali biz yaratilayotgan harorat datchiklarga sifatli omik
kontakt olishga erishildi. Vakuumda kremniy plastinalar sirtiga metall gatlamni purkashda R =
2:10"° mm.sm.ust. vakuum beradigan VUP-4 vakuum qurilmasida amalga oshirildi. Kontaktlarni
olishda kremniy plastinalar yuzasini metall qalinligi 200 mkm molibden trafaretdan foydalanildi

e o
1-rasm. A) molibden B) n-Si<Ni> C) n-Si<Ni> vakumda
trafaret va volfram tegel dastlabki namuna omik kontakt olingan namuna

VUP-4 laboratoriya vakuum qurilmasi yordamida yaratiladigan harorat datchiklarning
sirtiga metall omik kontaktlarni olishda haroratga chidamli qozonchani yuqori haroratda
eriydigan metall W-volfram spirali (tigel) ustiga qo‘yib undan elektr tokini o‘tkazib qizdirish
yo‘li bilan amalga oshirildi.Vakuumda purkash vaqti hamda namunalar o‘rnatilgan taglikning
haroratini va o‘stirilayotgan metall qatlamning sirtdagi adgeziyasi hamda qalinligini boshqarish
mumkin bo‘ldi.

Eng yaxshi adgeziyasi bo‘lgan metall omik qatlamlarni vakuumda kremniy sirtiga
o‘tkazishda T=300+400 °C harorat oralig‘ida qizdirilganda kuzatildi.

Foydalanilgan adabiyotlar

1. Baxadirxanov M.K., Ibodullaev Sh.N., Zikrillaev X.F., Tachilin S.A. Datchik temperaturs i
osvemieniya na osnove yedinogo kristalla kremniya. Priborer. 2021. Ne 8 (254) st. 12-18
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HEPCIHHEKTUBBI IPUMEHEHUSA ITOJYITPOBOAHUKOBBIX TPAH3UCTOPOB B
MEJUIUHCKHUX AIIITAPATAX

P.A. Hypaunosa, I'.X. AxmMaganueBa
Depeanckuti MEOUYUHCKUL UHCIMUMYM 00WeCmMB8eHH020 30PA800XPAHEHUs

B nacrosiee Bpems 1100yr0 MEAUIIMHCKOE 000pY0BaHNE HEBO3MOXKHO MPEICTaBUTH 0€3
IIPUMEHEHHUS MOJIYIIPOBOIHUKOBBIX 3JIEMEHTOB U YCTPOMCTB. briaromaps 3ToMy M3roTaBiIMBarOT
MUHHATIOPHBIC SJIEKTPOHHBIC DJIEMEHTHI, U3 KOTOPBIX JCNAIOT TPAH3UCTOPHI, YUIIBI U JIPYrUe
KOMIIOHEHTbI JIEKTPOHHOM TEXHHKH, KOTOpbIE TO3BOJISIOT CO3/1aBaTh HMHHOBALIMOHHbBIE
JNEKTPOTEXHUYECKUE YCTpoicTBa W  IU(POBBIE  ammaparbl  YIyd4lIalolUe KayecTBO
MEIUIIMHCKOTO  OOCIyXKHMBaHUST ¥  3ApaBooxpaHeHus. K  Hum  ortHocstcs  [1-3]:
1. MeauuuHckass AuarHoctuka. CoBpeMEHHBIE [HArHOCTUYECKHE MPUOOpBI, TaKHE Kak
PEHTTEHOBCKHE ammapaThl, KOMIIBIOTEPHBIE 1 MATHUTHO-PE30HAHCHBIE TOMOTpadbl, 0MOCEHCOPHI,
MO3UTPOHHO-IMUCCUOHHBIE TOMOIpadbl, KOTOPBIE JaIOT BO3MOKHOCTH ITPOBOAUTDH 00JIE€ TOUHYIO
JUArHOCTUKY W HCCIIEOBaHUE TMAaTOJIOTUH, IOMOTallue OBICTPO ONPEAETUTh MNPUUYHHY
3a00J1eBaHUA.

2. JlazepHoe obopynoBanue. B 5TOM TuiaHe MOJTYNPOBOJIHUKOBBIE TPUOOPHI, CTAIM OCHOBOM
anmaparoB NS JIa3€pHOM NHUAarHOCTUKU, XUPYPTUHM W TEparud, B TOM YHCIE TUIIEPTEPMUHU.
[IpuMeHeHre TOMYNPOBOJHUKOBBIX AJIEMEHTOB U MPHOOPOB Jall0 BO3MOXHOCTH OILIEHHWBATH U
AHAIM3UPOBATh CBOE MPEUMYIIECTBO HAA TPAJAUIMOHHBIMU METOJAaMH XHPYpPrHUECKOro,
OHKOJIOTUYECKOTO U TEPANEBTUYECKOTO JICUEHUS B MEIULIMHE.

3.MenuuuHckue ceHcopbl. OHU SBISIOTCS WHHOBAIIMOHHBIMH PEIICHHUSIMH TTO3BOJISIOIINE
3¢ (PEeKTUBHO B3aUMOJECHCTBOBATh C OWOJOTHYECKHMMH cucTeMaMu. C HUX TOMOIIBI MOKHO
U3MEPATh pa3nyHble OMOJIOTMYECKHE IOKa3aTelid C NPUKOCHOBEHMSIM JJIEKTPOAOB K TEIy
yenoBeka. Hampumep, m3aMepeHure ypoBHS caxapa B KpOBU WM TeMIleparypy Tena. Takxke
CEHCOPHBI MOHUTOPUHI HAMHOI'O YIPOIIAeT KOHTPOJIb 3a 3/I0POBbEM IAlMEHTOB, MOBBIIIAB
JIOCTOBEPHOCTH JIMarHo3a 0yaroapsi BBICOKOM YyBCTBUTENLHOCTH U OBICTPOMY OTKIIHKY.

B pabore [4], mpencraBnen opurunHaibHbE KMOII-coBMECTHUMBII METOJ] M3rOTOBIICHUS
CEHCOPHOM CHCTEMBI Ha OCHOBE MOJIEBBIX TPAH3UCTOPOB C KAHAJIOM-HAHOIIPOBOIOM U [TOKa3bIBaeM
pe3yNIbTaThl UCTIOIB30BAHUS 3TOM CUCTEMBI JJIsi KOMTUYECTBEHHOTO OINPEICICHHs KOHIIEHTPAIUU
tupeotpornHoro ropmoHa (TTI') B MoaenbHOI CHIBOPOTKE KPOBU. METOA H3TOTOBIIEHUSI OCHOBAH
Ha WCMOJB30BAHUM MPOIECCa PEAKTHBHO-MOHHOTO TPABIICHUS BEPXHETO CJIOsS KPEMHHUS Ha
U30JIATOpE Yepe3 MacKy, CPOPMUPOBAHHYIO C IIOMOIIBIO 3JIEKTPOHHO-TTy4eBOU TUTOrpaduu.

Hcnonp30BaHue HSKCIEPUMEHTAJIbHBIX HCCIEAOBAHUW Ha MpuUMepe OUMOJISPHBIX
TPaH3UCTOPOB OOJIBILIOI MOLTHOCTH U OTOOPA BEICOKOHAACKHBIX SK3EMILIIPOB AaET BO3MOXKHOCTh
MHAMBUAYAIbHOOTO TMPOTHO3UPOBAHUS MO HH(OPMATHBHBIM MapaMeTrpaMm, H3MEPSEMbIM Yy
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KOHKPETHOI'O 3K3EMIUISIpa B HadalbHbIM MOMEHT BpeMeHH. [l SKCIepHMEHTAIBHOIO
uccieaoBanus (00yqaronuii SKCIEPUMEHT ) BKIIOYAIN U3MEPEHHE B HAYaIbHBIM MOMEHT BPEMEHU
y KaXJ0ro 3K3eMIUIsipa BHIOOPKH TPAH3UCTOPOB AIEKTPUUYECKUX MMAPaMETPOB, KOTOPbIE MOTYT
colepkaTth WH(POPMAIMIO O HAISKHOCTH, a 3aTeM MPOBEJICHUE YCKOPCHHBIX HWCIBITAHUN
TPAH3UCTOPOB Ha OE30TKAa3HOCTh B TEUYCHHWE BPEMEHHU, COOTBETCTBYIOIIETO HOPMAaTbHBIM
YCJIOBHSIM JIJII HApAOOTKH, YKa3aHHOW B TEXHUYECKOHM JTOKYMEHTAIUH [5].

['pynna ¢dpaniy3ckux ydeHblXx B pykoBojacTBe [[xopmxka Manbgpaca paspaborana u
M3TOTOBMJIA 00pa3libl OPraHUYECKUX AIEKTPOXUMUYECKUX TPAH3UCTOPOB, KOTOPHIE MOTYT OBIThH
YCTaHOBJIEHbl HA OKOHYAHUSX B)KUBIIAEMBIX 3JIEKTPOJOB, UYTO MO3BOJUT 3HAYMTENIBHO MOJIHATH
YYBCTBUTEIBHOCTh AJIEKTPOHHBIX YCTPOMCTB, MPEIHA3HAYCHHBIX ISl CYMTHIBAHUS CUTHAJIOB U3
TrOJIOBHOTO MoO3Ta [6].

U3 sToro cnemyer, 4TO MOJYNPOBOJHUKOBBIE TPAH3UCTOPHI UTPAIOT KIIOYEBYIO pPOJIb B
CO3JIJaHUU MEJIMIIMHCKUX anmapaTroB, 00ecreunBas BHICOKYIO TOYHOCTh M HAJIEKHOCTh paboThl. B
JAHHOM  CTaTb€ pacCMaTPUBAIOTCS  IEPCHEKTHUBbI  MPUMEHEHHS]  IOJYIPOBOJIHUKOBBIX
TPAH3UCTOPOB B MEAMIIMHCKUX YCTPOMCTBAX, UX IPEUMYIIECTBA U NOTEHIIMAIbHbIE HAIIPABICHUS
pPa3BUTHS, a TAKXKE MPUBOAATCS PE3yJbTaThl MPOBEAEHHBIX SKCIIEPUMEHTOB U CPAaBHUTEIIbHBIN
aHaJIN3 TPAH3UCTOPHBIX TEXHOJIOTHUH.

[TonynpoBOAHUKOBBIE TPAH3UCTOPHI SBIISIIOTCS OCHOBHBIMU JJIEMEHTaAMHU 3JIEKTPOHHBIX
CXEeM B MEAUIIMHCKHX armnapaTtax. OHM TaK K€ IIUPOKO UCTIOIb3YIOTCA B:

e JluarHoctudeckoM o00opyaoBaHHH (dJIEKTpoKapauorpadax, MarHUTHO-PE30HAHCHBIX
TomMorpagax, ylIbTpa3ByKOBbIX CKaHEpax);

o JleueOHBIX ycTpoiicTBax (ammaparax 3JIEKTPOCTUMYISALUU, NePUOPUILIATOPAX, JIa3epHBIX
TEPaNneBTUYECKUX CHCTEMAaX);

e PeaOunuTanvoHHBIX U UMILTAHTHPYEMBIX YCTPOUCTBAX (KapAHMOCTUMYISATOPAX, CITyXOBBIX
amnmaparax, HeHpOUMILIAHTaX ).

OCHOBHBIMH TPEUMYIECTBAMHU  IMOJYNPOBOAHUKOBBIX TPAH3UCTOPOB SIBISIOTCS HX
MUHHUATIOpU3AIMsA, KOTOpble Ja€T BO3MOXKHOCTh YMEHBIIATh Pa3MEpPOB  DIEKTPOHHBIX
KOMITOHEHTOB TTO3BOJISIONINE CO3/ITaHUS KOMIAKTHBIX U MEPEHOCHBIX MEIUIIMHCKHX arapaToB.

Huszkoe »sHepromorpebiieHre, KOTOPOE€ BaXKHO [JIsi HWMIUIAHTUPYEMBIX YCTPOWCTB,
paboTarnx OT aBTOHOMHBIX MCTOYHUKOB MHUTaHUS. BbICOKast HAaAEKHOCTh U JIOJITOBEYHOCTbD,
KOTOpasi o0ecreynBaeT YCTOWYMBOCTH PaOOTHl MEIUIIMHCKUX allapaToB JaXXe B CIOXKHBIX
YCIOBUSAX  OKCIUTyaTalldM ¥ BBICOKas CKOPOCTh O0OOpaOOTKH CHUTHAJOB,  SBISIOIIUM
JTUArHOCTHYECKUX CHcTeM, ocobeHHo npu aHanuze DKI' u MPT.

U3 pe3ynbTaToB ucciaea0BaHUs BbISBIEHO:

— IloBbimienue TouHocTH auarHoctuku IJKI. B xome »skcmepumenta Obutn

MPOTECTUPOBAHBI HOBBIE TPAH3UCTOPHBIE CXEMBI B AJIEKTpOKapaArorpadax. AHaIu3 moKas3al

CHIDKeHUEe ypoBHs 1IymMOB Ha 30%, YTO MOBBICHIIO TOYHOCTHb JUATHOCTHUKH CEPJEYHO-

COCYJIUCTBIX 3a00JI€BaHUA.

— OnTuMu3anus 3HepronoTpedIeHnss KapaAuoCTUMYJIATOPOB. HoBble TpaH3UCTOpHBIE

perieHus MO3BOJIUIIN CHU3HTH SHEpromnoTpedieHne UMILJIAHTUPYEMBIX

KapAHNOCTUMYISTOPOB Ha 25%, 9TO yBENTUYHBAET CPOK CIYKOBI OaTapeit Ha 2-3 rofa.

— YayumieHue OTKJIHMKAa OMOCeHCOPOB. lcrnonb30BaHME COBPEMEHHBIX KPEMHHUEBBIX

TPAH3UCTOPOB TO3BOJIMIIO YBEIHMYHTh YYBCTBHUTEIHHOCTH TIIOKOMETpoB Ha 20%, uTO

MpUBEIIO K O0Jiee TOUHOMY OIPEAETICHUIO YPOBHS caxapa B KPOBH.

CpaBHHMTE/bHBIH AQHAJIU3 CTAPbIX W COBPEMEHHBIX TPAH3UCTOPOB /[[11 OIECHKHU
3¢ (PEeKTUBHOCTH HOBBIX TPAH3UCTOPOB ObUIM MPOAHATM3UPOBAHBI KIIIOYEBBIE XapaKTEPUCTUKU
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CTapbiX OWIOJSAPHBIX TPAH3UCTOPOB M COBPEMEHHBIX MoJeBbIX TpaH3ucTopoB (MOSFET),
IpUMEHSEMbIX B MeIMIMHCKUX ycTporicTBax (Tabmuma Nel).

Pesynbrarel  aHanmm3a nokaspiBaroT, uro coBpemMeHHble ~MOSFET-Tpan3uctropsl
3HAUUTENBHO NPEBOCXOAT ycrapesiure BJT-ananoru no MHOrMM mapameTpam, 4To AENaeT UX
0oJsee MoAXOASIIIMME JJIs1 UCIIOJIb30BAaHUS B COBPEMEHHBIX MEIULIMHCKUX alllapaTax.

Tabmuma Nel
CoBpemennbie MOSFET-
XapakTepucTuKa Crapsie BJT-Tpan3ucropbi
TPAH3UCTOPHI
Pasmep bonpmui MuHuaTIOpHbIN
JHepronorpedaeHne Bricokoe Huzkoe
CxopocTh OTKJIMKA Cpennss Bricokas
IllymoBbIe N N
Bricokuil ypoBeHb IIIyMOB Huskuit ypoBeHb IyMOB
XapaKTePUCTUKH
Temneparypuas
PA1YP YMepeHHas Bricokas
CTA0WIBHOCTH

Pesynbrarel  aHanmu3za nokasesiBaroT, u4To coBpemeHHble MOSFET-tpan3uctopsl
3HAYUTEIIBHO MPEBOCXOIAT ycrapeBiure BJT-aHanoru mo MHOTMM napaMeTrpam, 4ToO JIEJIaeT UX
0osee MOAXOASIIMMU /ISl UCTIOJIB30BAaHUS B COBPEMEHHBIX MEIUIIMHCKUX arapaTax.

U3 storo crneyet Oyayiine MEAUIIMHCKIE TEXHOJIOTUU CBS3aHbI C TaTbHEHIIINM pa3BUTHEM
MOJIYITPOBOJTHUKOBBIX TPAH3UCTOPOB, TaK KaK MEAUIIMHCKHE MPUOOPHI OJDKHBI 00pabaThiBaTh
OYeHb CyIadble OMOPJIEKTPUYECKHE CHTHAJBI, MMOJTOMY MAJIOIIyMsIIas KOHCTPYKITUS
TPaH3UCTOPOB MMEET PENIAIOIIECE 3HAYEHHE, B TOM YKCIIE MAJIOMIYMSIIHE TPAH3UCTOPHI MOTYT
VIIYYIIUTh Y€TKOCTh U TOYHOCTh CUTHAJIOB. KOHCTPYKIIHMS ¢ HU3KUM DHEPronoTpeOICHHEM TaET
BO3MOXHOCTb CO3/1aTh NOPTATUBHBIX U UMIUIAHTUPYEMBIX MEIMIMHCKUX YCTPOMCTB, KOTOpPBIE
TpeOyIOT JUTUTETFHOTO CPOKA CITYKOBI OaTaper U KOHCTPYKITUS ¢ MAIOMOIITHBIMU TPAH3UCTOPAMU
MOJKET MPOJITUTh BpeMsi pabOThl YCTPOMCTBA M CHU3UTH HEOOXOAUMOCTH YacTOM 3apsAaKd MU
3aMeHbl OaTapeu. Takke UCIONb30BaHHE HAHOTPAH3UCTOPOB Aa€éT BO3MOXKHOCTH CO3/1aBaTh €Il
OoJsiee MUHMATIOpPHBIE U SHEProd(d(PEeKTHBHBIE HMMIUIAHTUPYEMble yCTpocTBa. B pesynbrare,
pa3BuTHE THOKOW SJEKTPOHUKU MPHUBEIAET K TMOSBICHUIO HOCUMBIX MEIUIIMHCKUX JAaTYUKOB U
OMOMEIUIIMHCKUX TUTACTBIPEN ¢ MHTETpaIluell HCKYCCTBEHHBIM HHTEIIIICKTOM.
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PAZPABOTKA JJABOPATOPHOI'O CTEHJA AJISA U3YUYEHUSA PABOTbBI
HUDPPO-AHAJIOI'OBOT'O IIPEOBPA3OBATEJISA

A.A. T'ynomos, C.A. Taunwiun
Tawkenmckutl 20cy0apcmeeHHblll MeXHU4YeCKUll YHUgepcumem
umenu HUcnama Kapumosa

Pa3pabGotran maGopaTopHBIi CTEHA MO H3Y4YEHHIO paboThl  IU(PO-aHATOTOBOTO
npeoOpaszoBarenss (LJAIl). PaspabGorannbiii crennq mno wusydenuto L[AIl KOHCTpyKTUBHO
W3rOTOBJIEH B BHJIE MNPAMOYTOJIBHOTO KOpILyCa, Ha MEpPEAHEHl MaHeld KOTOPOIro HaXOIATCs
azanTepbl KOMMYTAIUU [ TIOJKJIFOUEHHS] BHEIIHUX PAa3beMOB JIJIsl IPOBEJICHUS U3MEPEHUI 110
nzydeHnto padorel L[AIl. B ocHOoBe paboThl pa3paboOTaHHOrO JIAOOPATOPHOTO CTEHHIA II0
u3ydeHnro pabotsl LIAIl HaxomuTcst pesucTuBHas marpuna tumna R-2R.

Cxema LJAII nanHoro Buja nokaszaHa Ha puc. 1, IBJsieTcsl CXeMOI ¢ CyMMUPOBaHUEM TOKOB,
KOTOpbIe (POPMUPYIOTCS C TIOMOIIBIO0 PE3UCTUBHON MaTpuilbl THIA R-2R. OcoOeHHOCThIO TaKkoH
MaTpHIIbl SBISETCS TO, YTO €€ BXOJHOE CONPOTHUBIIEHUE MPH JTI000M MOJI0KEHUH Kiroueit Si1, Sz,
..., Sm paBHO 2R, T.e. o01Mii TOK, BTeKaromuil B MaTpuly, paBeH Eo/2R. D10 1erko qokasbiBaercs
Ha puc. 2. [Ipu moOom nonoxeHuu kiouei Si K pe3uctopy HomHHazia 2R Beerna nojakiovyeHa
@ewss». Ecim paspsan BxomHoro koga Ai=0, TO ko044 Si MOAKIIOUUT OSTOT PE3UCTOP
HEIMOCPEICTBEHHO K «3EMIIE».

E
2 R £
—— A e PY
/ —_ \
ysen m-1 ysenm E
2R 2R
Sm 1 Sm
B S O S
L
— — —_— UBLIX
+
A A A A4,

BxonHoii xog

Puc. 1. HAII ¢ nenoukoii pe3uctopoB R-2R ¢ TOkOBBIM BBIX010M
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Ecmu Ai=1, 10 pe3ucrop HOomHMHana 2R mnojkiaroyaeTrcss K HWHBEPTUPYIOLIEMY BXOAY
CYMMHPYIOIIETO  YCHJIUTENS, CTeHEePHUpPOBAaHHBIM Ha 0aze OMEpalMOHHOTO YCHIIHTEIS,
OXBAaYEHHOTO OTPHIIATEIbHOM OOpaTHOW CBSA3BIO ¢ MOMOIIBIO pe3rcTopa Roc . B Takoit cxeme
yeuwurens 3a c4er HanpskeHus Upux M pesucropa Roc Ha HMHBEPTUPYIOLIEM BXOIE
MOAJICPKUBACTCA IIOTEHLMAJ, PpaBHBIM JPYIrOMY HEHWHBEPTHUPYIOIIEMY BXOJY, KOTOPBIN
IMOAKJIIOYCH K «3€MJIC», T.C. HA HHBCPTHUPYIOLICM BXOJAC MPHUCYTCTBYCT BUPTYaJIbHAA «3CMIJIA». C
JIPYro¥ CTOPOHBI 3TO JIOKA3bIBAET, YTO WHBEPTUPYIOIIMI CYMMUPYIOIIHUN YCUIIUTEIb pearupyer
HE Ha MNOTEHIIMAJl HTHBEPCHOT'O BXO/a, 8 Ha MOCTYIAIOLIUE HA €r0 BXOJ[ TOKH.

Ecnn HavaTe mocienoBaTesbHO OObEIUHATh MAPAIIEIbHO BKIIOYEHHBIE CONPOTUBICHMS
matpuilsl R-2R, To Jilerko moxa3piBaeTcsi BEJIMYMHA BXOJHOTO COMPOTHBIEHUS MaTpuibl R-2R,
(Rex=2R), u mocinenoBaTeabHOE YMEHBIIICHUE BIBOC HAINPSDKEHHUS B Y3J1aX CXEMbI IO MEpe UX
yajaeHusl OT UCTOUYHUKA OMOPHOTO HAMPSIKEHHS M, COOTBETCTBEHHO, K TAKOMY € YMEHbIICHUIO

TOKOB, TIepEAaBaEMbIX Uepe3 KIUH Sm, Sm-1, ..., S1.
T Eo T Eo
E " "
_0 1 2R ED 1
R e J ——

r|'|
[=]
|—e—|
=]

1 3
5) y )
Puc. 2. [loaTanuasn a, 6, B, r Moanpukanus matpunsl R-2R

W3 mociietHero BeIpaKeHUsI CIEIYET, YTO BENMYHUHA BEIXOAHOT0 HanpshkeHus LIAIT 3aBucut
OT BEJIMYMHBI HanpsbkeHus: Eo ormopHOro uctoyHnka. 3TuM 0OCTOSITENLCTBOM MOJIB3YIOTCS IS
MOCTPOEHHU Tak Ha3biBaeMbIX yMHOkatomux [{AIl. Ko BXxoay omopHOro HCTOYHMKA MOJKIIIOYAIOT
MCTOYHUK M3MEHSIOIIEroCs HaNPsDKEHUs, U IpeoOpazoBaTeb B 3TOM cllydae OyJeT BhICTyNAaTh B
KaueCcTBE MOJYJATOPa, KOTOPBI OyAeT (popMHUpPOBATH BBIXOJIHON CHUTHAI MPOMOPIIHOHATBHBIN
IIPOU3BEICHUIO YIPABJISAIONIETO KOJIA U HANPSDKEHMS, IOJAHHOTO Ha BXOJ OIIOPHOI'O CUTHAJIA.
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Cxembl LIAIT Ha ocHOBe pe3ucTuBHBIX MaTpuil R-2R mpakTuyHb, HaaeKHBI, 00Ja7AI0T
BBICOKOH CKOPOCTBIO MPeoOpa3oBaHMs U JIETKO PEATU3YIOTCS B MHTETPAILHOM HCTIOTHEHHH. B
otinuue oT LIAII co B3BEMMBAIOUIMME PE3UCTOPAMHU, 31€Ch HE TPeOyeTCsl MIMPOKOT0 AUana3oHa
HOMHHAJIOB M YPE3BBIYAaHHOW TOYHOCTH ITPU UX MOATOHKE.

B uenom nutanue crenaa no usyuenuto LIAIT ocymiecTBiasieTcs: OT ceTH MEPEMEHHOT0 TOKa
yactoroit 50 I'u, Hanpsbxkenuem 220 B, yepe3 BbIXOJ Ha 3aJHEil CTEHKH CTeHa. bioku nuranus,
AJIEKTpUYECKas I1J1aTa, BECb MOHTAX U COEIMHEHHUE JIEMEHTOB YIIPaBJICHUS U PETYJIUPOBKH CKPBIT
U BBINOJIHEH BHYTpU 00beMa KopIyca.

Pazpaborannsiii crenn o uzydenuto LAl umeer HeGobIMe pa3Mepbl, MPEaEIbHO MPOCT,
npoYeH U HaJexeH B pabore. KoHCTpykius Js1abopaTOpHOro cTeHia yaoOHa Ui XpaHEHUS.
["aGapuThl cTEHAA YUYUTHIBAIOT HEOOXOAUMOCTH KOMIIAKTHOT'O pa3MelIeHHsI €ro Ha paboyeM MecTe
Opd MakCHUMaJbHOH 0003peBaeMocTH mepenHeil manenu. Macca 1abopaTopHOro CTeHIA
COOTBETCTBYET CHJIOBBIM BO3MOKHOCTSIM YYallerocssi U Y4YUTeNsd. YCWUIIUs, NpPUMEHSEMbIE K
OopraHaM YOpaBJIEHUS U DOJEMEHTaM KOHCTPYKLIMHM CT€HJA, COOTBETCTBYIOT CHJIOBBIM
BO3MO>KHOCTSIM UY€JIOBEKa.

Bpemsi, 3aTpaunBaemMoe Ha MOAroTOBKY cTeHaa mo wusydenuto LIAIl k pabore u Ha
JOCTHXKEHHE OCHOBHOTO peXMMa paboThl C MOMEHTa BKJIIOYCHHs, Ha OCYIIECTBIICHUE
MOCTaBJICHHBIX 3a/la4 U Iiesield HeOOobIIoe, TOUHO PACCYUTAHHOE U MPH UCIHOJIB30BAHUU €0 B
yueOHOM TIPOIECCe COMOCTAaBUMOE C OrpaHHuYEHHBIM BpeMeHeM Yypoka. KoHcTpykius
pa3paboTtanHoro crenaa no uzydenuro LIAIl TpeOGyer Bpemst Ha ero MOAroTOBKY K paboTe - He
0osnee 1 MUHYTHI.

B xoncTpykumu crenna no uzydenuto LIAIl mpemycmorpeHa BO3MOXKHOCTH yI0OHOTO,
IPOCTOTO, OBICTPOTO M HAJIEKHOTO COYETAHUS C APYTUMH MPUOOPAMH M MPUCIIOCOOICHUSIMH Oe3
MPUMEHEHHUS CIIeMaIbHOr0 HHCTpyMeHTa. M3rotoBneHHsli cren o nzyuenuto LIAII no3Bosnser
MPOBOAUTH JabopaTopHbie paboThI MO Kypcam «MUKpPOCXEMOTEXHUKa» U « MHUKPOIPOIIECCOPBI».

Cnmcok ucnoJib30BaHHOI JTUTEPATYPhI
1. Paul Horowitz, Winfield Hill Tue Art Of Electronics // Yue6nuk. Printed in the United States
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«Texnochepar. 2005. — 632 c. (ISBN 5-94836-051-2).
3. Crenanenko M.II. OcHOBBI MHUKPO3JNEKTPOHUKH // YuebHOoe mocoOue ans BY30B. — M.:
«Jlabopatopus 6a30BbIxX 3HaHUI». 2001. — 448 c. (ISBN 5-93208-045-0).
4. Tempman M.M.  Amnanoro-umdpoBsle  mnpeobpazoBarenu A  UHPOPMALUOHHO-
U3MepUTeNbHBIX cucteM // -M.: U31-Bo cranaapTos, 2009 .-317c.

N

5. buproxos C.A. ILludpossie ycrpoiictBa Ha MOII-unTerpanbubix Mukpocxemax / -M.: Paguo u
cBs3b, 2007 .-129 c.

6. HWeanos B.U., 'opauenko B.H., [Toros I'.H. [{udpoBkic 1 aHaI0rOBBIC CUCTEMBI TIepe1avn //
Y4eOHuk 15 By30B o pea. MiBanosa B.M. -M.: Paguo u cBs3p, 2007 .-232 c. ISBN 5-256-
01226-6.

7. Tonpnentepr JI.M. UMnynbcHble 1 uppoBbie ycTpoiicTBa / YueOHUK /Ui By30B.-M.: CBs3b,
2009 .-495c.

8. Pannes I'. I'. Merons! u cpeactBa usmepenuii: M.: M3natensckuit neHTp «Akanemusi», 2003.

9. http://www.ITATT

10. http://www.electronics.ru http://www.Texanueckast GHOIHOTEKA.

170


http://www./
http://www.electronics.ru/
http://www/
file:///E:/4/5.6%20Генераторы%20импульсов.%20_%20Техническая%20библиотека%20lib.qrz.ru.mht

II IIYBBA. MUKPODJIEKTPOHUKA BA DJIEKTPOTEXHUKA MYAMMOJIAPH

ONTORJEKTPOHHOE YCTPOVCTBO JIISI KOHTPOJISI KOHIEHTPALIUU
YIJIEBOJIOPOJIOB B BO3JYXE

A.O. Komuiaos, 111.Y. Dprames
Depeanckuil punuan Tawkenmckozo ynusepcumema uH@GOPMAYUOHHBIX MEXHOI02U,
Pecnyonuxa Y36exucman

bypHoe pa3BuTHE ONTORJIEKTPOHUKM M €€ dSIEeMEHTHOW 0a3bl, CO3[JaHUE HOBBIX
BBICOKOA()(DEKTUBHBIX MOTYIPOBOJHUKOBBIX UCTOYHHUKOB U3Iy4deHus B OmkHel MK- obnactu
CIIEKTpa CO3JAI0T MPENOCHUIKH JIJIsl Pa3pabOTKH BHICOKOUYBCTBUTEIBHBIX U TOUHBIX, HAICHKHBIX
npuOOPOB JJIsE KOHTPOJISI KOHIIEHTPAIIUU T'a3000pa3HbBIX BEIIECTB.

C npyroil CTOpOHBI, ONTOZJIEKTPOHUKA, KaK OJHO W3 HANPABJICHUN MHUKPOIJICKTPOHUKH,
pa3BuBaeTcs OBICTpbIMU TeMmamH. BricokoddekTuBHbie cBeToanoasl misi cpeanero WK
nuana3oHa, paboTarolye MpU KOMHATHOM TemrepaType, CO3/laHHbIE Ha OCHOBE YETBEPHBIX
TBEPJABIX PACTBOPOB coeAuHeHHi A3Bs sBIsAIOTCA MEpPCHEeKTHUBHBIMU JUIS Ta30BOTO aHAJIMN3a,
BJIATOMETPUHU U MEJULIMHCKOW TUAarHOCTUKHU.

W3BecTHO, YTO XapakTEpPUCTHUYECKHE TIIOJOCHI TOIJIOLIEHUsI LEJIOro psAla BaKHBIX
XUMHUYECKUX coenuHeHui jexar B cpequeid UK obnactu cnektpa. Cpean HUX BOJa U €€ mapbl
(1.94 mxm, 2.75-2.85 mxm), metad (1.65 MxMm, 2.3 MkM, 3.3 MKM), yriIeKUCIbIHU ra3 (2.65 Mxwm, 4.27
MKM), yrapubiii ra3 (2.34 mMxm, 4.67 Mxm), ateros (3.4 MkM), ammuak (2.25 MM, 2.94 MKkM) U
MHOTHE JApyTrue HeopraHu4deckue u opranndyeckue Bemiectna [1,2]. HecMoTpst Ha onpeeneHHbIN
MPOTrPecc B Pa3BUTHH XUMUYECKUX U aJCOPOLIMOHHBIX Ta30BbIX CEHCOPOB, ONTHUYECKUE CEHCOPHI
0o0nanaoT O6ecCcropHbIMUA TMPEUMYIIIECTBAMHU, TMPEXKJE BCETO B CEIEKTHMBHOCTH, HAJICKHOCTH U
CPOKE CITYKOBI.

B Hacrosimee Bpemst psn dupm (Perkin Elmer, Texas Instruments, City Technology, lon
Optics, Comag IR u T1.1.) [3] nmpousBoasT HMHPpaAKpaCHBIE ONTHYECKUE CEHCOPHI HAa OCHOBE
TeIOBbIX HUCTOYHUKOB MK wu3nyuenus. Takold HMCTOYHHUK H3Jy4aeT B OYEHb MIMPOKOM
CIIEKTPaJIbHOM Juarna3zoHe 1o 3akony Ilmanka. CrnenuanbHble ONTUYECKHE (QUIBTPHI BBIPE3AOT

HY>KHBIW CIIEKTPAJIbHBIN IHANa30H.
B naHHOl paboTe MpeanokeH OMTOINEKTPOHHBIA METO/ sl KOHTPOJS KOHIEHTPAIMU YIJIEBOJOPOJIOB B
BO31yXe, OJOK cXeMa KOTOpOro MpuBeieHa Ha puc. 1.

VYeTpoicTBO AJisi KOHTPOJI KOHUEHTpAIUU YTIE€BOA0OPOAa B BO3AYXE COAEPKUT UCTOUHUK
nuTaHus 1 ,reHeparop MpsIMOYTOJIBHBIX UMITYJIBCOB C JIByMsI IPOTHBO(A3HBIMH BBIXOJAMH 2, K
OJIHOMY BBIXOJly KOTOPOIrO MOJKJIIOYEH JAENUTEIb 4YacTOThl 3 (MOCIIeOBATENbHBIA CUETUYUK),
BBIXOJI KOTOPOTO Yepe3 OAHOBHOpPATOp 4 COCNWHEH C YIPABISIONIAM BXOJOM MOIYJISTOpa 5
SKCITOHEHTBI, SMUTTEPHBIN TOBTOPUTEND 6, 1BA SJIEKTPOHHBIX KJItoUa 7 U 8, U3Ty4aronIue JUO bl
pabounit 9 u onmopueii 10, n3myyaromue Ha OMOPHOM M pabovelt ATMHAX BOJTH COOTBETCTBEHHO,
razoBylo kamepy 11, doronpuemuuk 12,coeauHeHHbI ¢ mnepBbIM AU GEpPEHIUPYIOLUM
ycTpocTBOM 13, BBIXOJ KOTOPOTO 4Yepe3 MOPOrOBOE BXOJIOM CXEMBI COBHAJAEHUU 15, mepBbIil
BXOJl KOTOPOW MOJKIIIOYEH K BBIXOAY BTOporo auddepeHIupyomero ycrpoiictsa 16, BXon
KOTOPOI'0 COEUHEH C U3TydaromumM a1uoaoM 10, cuetyuk 17, cueTHbIN BX0Jl KOTOPOTO COEUHEH
C BBIXOJIOM CX€Mbl cOoBHaaeHH 15, a ero BXoj ‘“‘ycTaHOBKA HYJA~X COEIUHEH C BBIXOJIOM
oJHOBHOpaTopa 4.

I"azoByto kamepy 11 oGnydarot qByms motokamu usnydeHus: @or1 1 Oor2 HA OMIOPHOM A1 U
paboueil A, AnuMHAX BOJH CcOOTBeTCTBeHHO. [Ipomeamme dvepe3 rasoBylo kKamepy IOTOKU
U3ITy4eHUs: OyIyT paBHBI COOTBETCTBEHHO:
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. CKLN,
D, =D, e
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rac . Doy 1 Do — IIoAar0Ire Ha ra30BYIO KaME€Py IIOTOKHU M3JIYUCHUA Ha JJIMHAX BOJH

1)

A1 u A1 cooTBeTCTBeHHO, D)1, D2 - MOTOKHM W3IyYEHUS TOCIE MPOXOKIACHHS 4Yepe3 IMOcIie
NPOXOXKJICHHS Yepe3 Ta30ByI0 KaMepy Ha JUTMHAX BOJH A1 M A2 COOTBETCTBEHHO,

N1 - KOHIIEHTpAIUS CMECH ra3000pa3HbIX BEUIECTB,

L - amuHa ONTHYECKOTO IMYTH, T.C. JJIMHA Ta30BOi KaMepa,

N2 - KOHIIEHTpAIUs ONpPEAEIIEeMOro ra3000pa3Horo BEeNeCTBa,

K1 - xoaddunmeHT paccessHusi CMECH Ta3000pa3HbIX BEIECTB,

K2 -xo3ddumment  mornomieHus onpeaensieMoro ra3oo0pa3HbIX BEIIECTB.

[Totok ®or1 u3MeHsieTcs BO BpeMeHH (1) o SKCIIOHEHIUATbHOMY 3aKOHY
t

— T _leNl
D, =H4e " -e 2
rze A — mNOCTOSHHBI KO3((UIMEHT, COOTBETCTBYIOIIMI HAYAIbHOMY 3HAYECHHUIO

AMINIMTYAbI DKCIIOHCHIHUAJIbHOT'O UMITYJIbCA. B momenT paBC€HCTBA IIOTOKOB @1 1 Di2
t

@y, e M = pe T (3)
N2 = L 'tc
K2 Ll

rae  tc — Bpems, COOTBETCTBYIOIEE MOMEHTY CpaBHEHMUS,

(4)

T - IOCTOSIHHAS! BPEMEHU SKCIIOHEHTHI.

['enepatop 2 TpsIMOYTOJBHBIX WMITYJBCOB BbIpaOaThIBAET HMIYJILCHI C HEOOXOIUMOM
YaCcTOTOW MOBTOPEHUS. DTU UMITYJIbCHI C TPOTUBO(A3HBIX BBIXOIOB MOCTYHAIOT HA BXO/I ISTTUTENS
3 YacTOTHl U Ha YIpaBIAOIIME BXOAbI Kitoueil 7 u 8. IIpsMOyroiabHbIe UMITYJIBCH C BBIXOJA
JenuTenst 3 4acToThl (prc.2.a) MOCTYIAT Ha BXOJ[ OJTHO BUOpaTopa 4.

[IpssMoyTOIBHBIE UMITYJIBCHI C HEOOXOIUMOM JJIUTETFHOCTHIO C BBIXO/1a OJJHO BUOparopa 5
AKCIIOHEHTHI, BBIXOJ] KOTOPOT'O COEIWHEH 4Yepe3 AMUTTEPHBIM MOBTOPUTENH 6 C BBIXOJIOM
AJIEKTPOHHOTO KJtoua 8, rae (GopMUpyeTcsl TUCKPETHBINH SKCIOHCHIIMAIBHBIA HUMITYJIBC TOKA,
KOTOPBIN MPOTEKAET Uepe3 U3Mydaromuidl AM0 9, BBI3BIBAET MOTOK, U3TYUYAIOIIUM IO TAKOMY Ke
3akoHy. [IpoTuBO(}a3HO 3aMONHSIOMIUM HKCIIOHEHTY MMITYJIbCaM TMEPEKIIYaTcs SIeKTPOHHBIN
KJIFOY 7. MPOTEKAIINI yepe3 n3nydatroui nuo 10 uMnynbe ToKa BbI3BIBAET CBETOBOM MOTOK,
aMILTUTYJ1a KOTOPOro noctosinHa. [Ipoiemre yepe3 ra3oByro kKaMmepy NOTOKH BOCTIPUHUMAIOTCS
dboTonmpueMHUKoM 12.

Ha (puc.2 B) u3oOpakeHa BpeMeHHasl auarpamMma CYMMapHOro (hOTO3JIEKTPUYECKOTO
CHTHaJIa Ha BBIXOAE (QoTompueMHUKa 12. 3TOT CHUTHajd TOJAaeTCI Ha BXOJ IIEPBOTO
nuddepernupyroniero ycrpoiictea 13, ¢ BbIXxoma KOToporo mpoauddepeHImpoBaHHbIC
(boTOdMEKTpUYECKHA cUTHAM (PUC.2T) TIOCTYIIAeT Ha BXOJI MMOPOTOBOTO yCTpoicTBa 14.

Jlanee curHai ¢ BeIX0Jia TOPOTroBOro YCTpoiicTBa 14 (puc.2.21) mogaeTcst Ha OJJUH U3 BXOI0B
cxembl coBnageHuslS. Ha npyroil Bxoa cxembl coBmajeHusi 15 mojaeTcss cUrHaia ¢ BbIXOJa
BTOpOTO AuddepeHupyromiero ycrpoictsa 16 (puc.2e).

C MoMeHTa cpaBHEHHUS tc Ha BBIXO/I€ CXEMbI COBNaJCHUH 15 mosiBisieTcs: cepusi UMITYJIbCOB,
KOTOpBIE TTOCTYIAIOT Ha CUETHBIN BX0o cueTunka 17 (puc.2.2:x).
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Puc.1.by1oKk cxemMa onTO3JIEKTPOHHOI'0 YCTPOMCTBA
Pa3paboTano onTo37€KTPOHHOE YCTPOMCTBO I KOHTPOJISE KOHLEHTPALMU YIIIEBOJOPOI0B
B BO3AYXE, OCHOBHBIMU NNPCUMYIICCTBAMU KOTOPOI'O ABJIAKOTCA BBICOKAAd TOYHOCTH KOHTPOJIA U3-
3a UCKIIFOUCHU S HGI/IH(l)OpMaTI/IBHI)IX mapaMeTpOB, TAKUX KaK 3aIbIIEHHOCTU BO3yXa, BJIAXXKHOCTb
U COJIEpKaHUs a3pO30JIbHBIX YaCTHUIl HA PE3yNIbTaT KOHTPOJIS.
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1. beswazprunas T.B., bornanosud M.B., Ka6anos B.B., Kabanos [I.M., JIebenox E.B., [1apamryk
B.B., Pso6ues A.T'., Ps6ues I'.1., [lInak [1.B., [llemenes M.A., Auapees 1. A., Kyauneiaa E.B.,
[llepctuer B.B., Sxosnes I0.I1. OnTosnekTpoHHBIE Mapbl CBETOAMOA-(OTOIMO HA OCHOBE
rerepocTpyKTypsl InAs/InAsSb/InAsSbP nns netrexkTupoBaHus yriekucioro rasa // ®usuka u
TEXHUKa NOTYnpoBogHUKOB. 2015. Tom 49. Beim. 7. C.1003-1006.

2. Abdurakhmonov S.M., Kuldashov O.Kh., Tozhiboev I. T., Turgunov B K. The Optoelectronic
Two-Wave Method for Remote Monitoring of the Content of Methane in Atmosphere // Tech.
Phys. Lett. 2019. doi: 10.1134/S10637850 19020214. 132-133.

STM32 BILAN INFRAQIZIL NURNI BOSHQSARISH TIZIMINI YARATISH

A.A. Valixonov
Farg ona davlat texnika universiteti
vakhon5100@gmail.com

Zamonaviy texnologiyalar rivojlanishi bilan masofadan boshqgarish tizimlari kundalik
hayotda keng qo‘llanilmoqda. Infraqizil nurlar televizorlar, konditsionerlar va boshga qurilmalarni
boshqarishda samarali vosita sifatida ishlatiladi. IR gabul giluvchi STM32’ning GPIO pinlaridan
biriga (masalan, PAO) ulanadi. IR LED esa PWM signalini yaratish uchun TIM2 taymeri orqali
boshqariladi (PA1 pinida). Infraqgizil (IR) nurlar elektromagnit spektrning 700 nm dan 1 mm gacha
bo‘lgan to‘lqin uzunligiga ega bo‘lib, ko‘zga ko‘rinmaydigan yorug‘lik sifatida tasniflanadi. IR
texnologiyasi masofadan boshqgarish tizimlarida keng qo‘llaniladi, chunki u arzon, oddiy va
ishonchli aloga vositasini ta’minlaydi. IR signalining asosiy afzalligi shundaki, u to‘g‘ri chiziqli
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yo‘nalishda tarqaladi va devorlar kabi to‘siqlardan o‘tmaydi, bu esa signalning xavfsizligini
oshiradi.[1]

IR boshqgaruv tizimlarida odatda ikkita asosiy komponent ishlatiladi. Bunda IR uzatuvchi
(LED) signalni optik shaklda uzatadi. IR gabul giluvchi uzatilgan signalni gabul qilib, elektr
signaliga aylantiradi. (1-rasm)

/ S F & £ L F /
//l/?eﬂective Surface //
L L ZL bt Z Z

\ /N
4
Circuit Boards
Photodiode IR LED Photodiode IR LED
IR Receiver IR Transmitter IR Receiver IR Transmitter

1-rasm. IR boshgaruv tizimi asosiy komponentlari

Ushbu loyihada STM32 mikrokontrolleri yordamida oddiy va tejamkor IR boshgaruv tizimi
yaratildi. Material va metodlardan foydalanib boshgsarish tizimini yaratish mumkin (2-rasm).[2]
1. STM32F103C8T6 — ARM Cortex-M3 asosidagi mikrokontroller.
2. IR gabul giluvchi (TSOP1738) — 38 kHz chastotali signalni gabul giladi.
3. IR LED - Signal uzatish uchun.
4. Rezistorlar va kondensatorlar — Sxemani bargarorlashtirish uchun.

" RESISTOR

.
‘ PAO /‘, '\/\/\I Anode N Cathode

S00E

GND. >
/
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2-rasm. Qurilma gismlari

STM32 mikrokontrollerlari STMicroelectronics tomonidan ishlab chigarilgan ARM
Cortex-M asosidagi 32 bitli protsessorlardir. Ushbu loyihada ishlatilgan STM32F103C8T6
modeli quyidagi xususiyatlarga ega:[3]

e Protsessor: ARM Cortex-M3, 72 MHz chastota.

o Xotira: 64 KB Flash, 20 KB SRAM.

o Periferiya: GPIO, Taymerlar (TIM), UART, 12C, SPI va boshqgalar.
« PWM imkoniyati: IR signalini modulatsiya gilish uchun ishlatiladi.

STM32’ning taymerlari va GPIO pinlari IR signalini yaratish va gabul gilishda muhim rol
o‘ynaydi. Masalan, TIM2 moduli PWM (Pulse Width Modulation) signalini ishlab chiqarish
uchun ishlatiladi, bu esa IR LED’ni 38 kHz chastotada boshqarish imkonini beradi. IR boshgaruv
tizimlarida eng keng targalgan protokollardan biri NEC protokolidir. Ushbu protokol quyidagi
tuzilishga ega. Dasturiy ta’minot esa Tizim STM32CubelDE muhitida C tilida dasturlashtirildi.
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IR signalini dekodlash va uzatish uchun NEC protokoli ishlatildi. NEC protokoli 32 bitli ma’lumot
paketidan iborat bo‘lib, unda 8 bit manzil va 8 bit buyruq mavjud. Signal 38 kHz chastotada
modulatsiya qilinadi. Qabul giluvchi signalni qabul qilib, STM32’da dekodlanadi.[4]
e Boshlash signali (Leader Code): 9 ms puls va 4.5 ms pauza.
e Ma’lumot biti: 32 bit (8 bit manzil, 8 bit teskari manzil, 8 bit buyrug, 8 bit teskari
buyruq).
e Bituzunligi:
o “0”-562.5 us puls va 562.5 us pauza.
o “1”-562.5 us puls va 1687.5 us pauza.
Signal 38 kHz chastotada modulatsiya qilinadi, ya’ni har bir puls 26.3 us davomida
tebranadi (1/38 kHz). Bu chastota kopchilik IR gabul giluvchilar (masalan, TSOP1738) uchun
standart hisoblanadi. Qurilmaning ishlash jarayoni (3-rasm).

S e SR ) e 1 3
3-rasm. Qurilmaning ishlash jarayoni

Signal modulatsiyasi va demodulatsiyasi ir signalini uzatishda modulatsiya zarur, chunki
to‘g‘ridan-to‘g‘ri doimiy signal quyosh nuri yoki boshqa yorug‘lik manbalari bilan aralashib
ketishi mumkin. 38 khz chastotali tashuvchi signal shovqinlarga chidamlilikni oshiradi. Stm32°da
pwm moduli ushbu chastotani ishlab chigaradi, ir gabul giluvchi esa signalni demodulyatsiya qilib,
asl ma’lumotni qayta tiklaydi[5].

Qurilmalar ishlash prinsipi IR LED ning 940 nm to‘lqin uzunligidagi infraqizil nurni
chigaradi. U pwm signaliga asoslangan impulslar orgali boshqariladi. Tsopl1738 esa 38 khz
chastotali signalni qabul giladi va uni ragamli signalga (0 yoki 1) aylantiradi. Bu signal stm32°ning
gpio piniga uzatiladi va dekodlanadi.(4-rasm).

Tizimning ishlash algoritmida uzatishni STM32 NEC protokoli bo‘yicha ma’lumotni
kodlaydi. TIM2 moduli esa 38 kHz PWM signalini hosil giladi va ir led orqgali signal uzatiladi.
Qabul gilish jarayonida esa TSOP1738 signalni qabul qiladi va stm32’ga yuboradi. STM32
signalni dekodlaydi va buyrugni aniglaydi. Natija foydalanuvchi interfeysida (masalan, led yoki
displeyda) ko‘rsatiladi.[6]

Texnik cheklashlar va muammolar quyidagilarni aytish mumkindir. IR signalining samarali
masofasi odatda 5-10 metr bilan cheklanadi. Quyosh nuri yoki floresan lampalar signal sifatiga
ta’sir qilishi mumkin. IR signalining to‘g‘ri chiziqli targalishi tufayli uzatuvchi va gabul giluvchi
bir-biriga qaragan bo‘lishi kerak.
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4-rasm. Signal modulatsiyasi va demodulatsiyasi
IImiy va amaliy ahamiyati.Ushbu tizim loT (Internet of Things) va aglli uy tizimlarida
qo‘llanilishi mumkin. STM32’ning yuqori ishlash tezligi va moslashuvchanligi uni boshga
mikrokontrollerlardan (masalan, Arduino) afzal giladi. Shu bilan birga, IR loyiha talabalar va
muhandislar uchun mikrokontrllerlar bilan ishlashni o‘rganishda qo‘llanma sifatida xizmat qiladi.

Adabiyotlar ro‘yxati
1. Vishay Semiconductors. TSOP1738 Infrared Receiver Datasheet. — IR gabul
qiluvchi (TSOP1738)ning texnik xususiyatlari va ulash bo‘yicha ko‘rsatmalar.
2. NEC Corporation. NEC Infrared Transmission Protocol Specification. — NEC
protokolining rasmiy hujjati, IR signalini kodlash va dekodlash qoidalari. (Internetda
umumiy manba sifatida topiladi).
3. TapacoB, B. B. Mukpoxonmponnepor  STM32:  apxumexkmypa  u
npoepammuposanue. — Moskva: BHV-Peterburg, 2018. — STM32 mikrokontrollerlari bilan
ishlash bo‘yicha rus tilidagi qo‘llanma.
4. AbaypammaoB, A. Uugopmamuxa éa axbopom mexnonoeusnapu: Mavpysanrap
mamnu. — Toshkent, 2008. — O‘zbek tilida axborot texnologiyalari va mikrokontrollerlar
bo‘yicha umumiy ma’lumotlar.
5. STMicroelectronics. STM32CubelDE User Guide. — STM32 dasturlash muhiti
bo‘yicha rasmiy qo‘llanma.
6. Instructables. How to Interface IR Receiver and Transmitter with
Microcontrollers. — Onlayn qo‘llanma, IR qurilmalarni mikrokontrollerlar bilan ulash
bo‘yicha amaliy misollar.

CBETOJIUOAHBIN ®UTOOBJIYYATEJb JJISI TEILJIHI]

M.Y. Dpkunos, b.A. I'ynymbaen
Hayuonanvnolii ynusepcumem Y3zbexucmana umenu Mupso Yiyebexa

BLIpaH_II/IBaHI/IC paCTeHI/Iﬁ npu HCKYCCTBCHHOM OCBCIICHUH SABJIACTCA OJHHUM U3
HaHpaBJIeHI/Iﬁ HaquOﬁ n HpﬁKTH‘-IGCKOﬁ ACATCIIBHOCTH, C KOTOPBIM MHOT'MC CTpPpAaHbI CBA3BIBAIOT,
B CymeCTBeHHOﬁ CTCIICHHU, CBOU HACTOAIIHUE U IECPCIICKTUBHBIC ITJIAHbI obecrieyeHns HaceJIeHUs
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npoAykTaMu mnuTaHua. OJHUM U3 KIIOYEBBIX (DAKTOPOB, BIUAOMMX Ha 3(PGEeKTHBHOE
BBIpAIllUBaHUE PACTEHUM B TEIUTUIAX, sIBJsiETCS ocBelieHue [1]. CBeT - 3T0 UCTOYHUK SHEPIuH,
HeoOXxoxumon 11t (hOTOCHHTE3a, Mpolecca, KOTOPBIH JIGKUT B OCHOBE pOCTAa W Pa3BUTHUSA
pactenuit [2]. B mociaeaHue ecATUNETHS CBETOAMOJHBIE TEXHOJIOTMM 3HAYUTEIIBHO
MPOJBUHYIUCH U CTAIM OJHUM M3 HamOomee 3(h(HEKTHBHBIX U IHEPrOCOEPETaAIUX CIIOCOOO0B
o0OecrieueHHs pPACTEHUU CBETOM C HEOOXOAMMBIM CHEKTPajJbHBIM COCTaBOM. OJTO CTallo
BO3MOXKHBIM OJ1aroaapsi pa3padoTke CBETOIMOAHBIX (pUTO 00IydaTeneid, KOTopble aaTHPOBAHbI
JUIst OTOCHHTE3a U ONITUMHU3HPOBAHBI JUI BHIPALIMBAHUS PACTEHUN B TEIJIMYHBIX YCIOBHX [3].

Temnuunble Xxo3siicTBa B Y30eKucTaHe SBISIETCS OAHMM M3 MIPUOPUTETHBIX U
JTUHAMHUYECKH Pa3BUBAIOIIMUXCS HAMpaBICHUN CEIbCKOTO XO34iCTBA B HACTOSIIEE BpeMs
HACUYUTBIBACTCS OKOJIO 6,5 TBHICSIY M€KTapOB TEIUIUI], U3 KOTOPbIX 1,1 Thicsau rextapoB win 17%
NPUXOJUTCS HA TUIPONOHHBIE U 4,9 Thicsu rexktapoB Wik 83% HaA TEIIUIBI C MOYBEHHBIM
METOI0M BhIpaniuBanus. CienoBaTenbHo, pa3padoTKa COBPEMEHHBIX TEIUIULL SIBISIETCS] OJJHOM 3
MPUOPUTETHBIX 33a]a4 B HAIIECH CTpaHe.

[Ipennoxxen cBeToAMOAHBIA (PUTOOOTYUATENb A TEIUTUL, coaepkamuii kopoyc (1), B
KOTOPOM pPAacCIUIOKEHbl CHHHE CBETOAMOABI (2) ¢ miuuHOM BoJiHBI 434-450 HM, KpacHbIC
cBeroano bl (3) ¢ mmrHON BoJIHBI 630-632 HM M KpacHbIE CBETOMOIbI (4) C JIIMHON BOJIHBI 660-
670 HM, HaJIbHUE KpacHbIE CBETOMOAbI (5) ¢ anHoi BosiHbI 730-735 HM, CHHHME CBETOAMOIBI C
TroMUHOPOpPOM (6) ¢ MAaKCHMyMOM TIEpeH3JIydeHUs B 3eleHoi obnactu crektpa 500-600 HM,
npryYeM K BBIXOAy (poToanekTpuueckoro Moayss (7) MOAKIIOUYECH KOHTpoJiep 3apsiaa (8), K HeMy
MOAKJIIOUYEHA aKKyMYJIITOpHas 6aTapest (9), K 0lHOMY BBIXOy KOHTpoJepa 3apsia (8) moaxitoueH
cBeronuoaHbli apaiisep (10), a k BTopoMy BbIX0ay MUKpOKOHTpasep (11), BBIXObI KOTOPBIX
coemuHEeHbl co  ceroanonamu (2,3,4,5,6), Bxony MukpokoHntpainepa (11) moakiIrodeH AaT4uK
OCBeIlleHHOCTH 12.

Caeronzmyyaronye 3JIEMEHTBI CO3/1al0T HENPEPBIBHBIN crieKTp uznydeHus 410-800 am n
MMEIOT YETBhIPE XapaKTEPHBIX MHUKA U3JIy4eHHUs ¢ JyiuHamu BOJH 434-450 M, 630-632 HM, 660-
670 um, u 730-735 uM u nomymmpuHoit 20-30 HM. [Tuku U3IydeHus U COOTBETCTBYIOIIME UM
MHTEHCUBHOCTU M0JI00paHbl Tak, 4YTOObl OHU ObUIM cOaJaHCHUpPOBaHbBI W COTJIACOBAHBI C
WHTEHCUBHOCTBIO  TIOTJIONIEHUS, © POJIbI0O B  (OTOCHHTE3€ KIIOYEBBIX IMUTMEHTOB
(OTOCMHTETUYECKOTO almapara pacTeHus, B MEPBYIO ouepe/lb XJI0pO(PHUIUIOB, KAPOTUHOUIOB U
duToxpomoB. Henocratomiee uznyuenne Huzkod uHTeHCUBHOCTH 300-400 HM TSl BHITIOTHEHUS
pEerynaTopHOil (QYHKIHMHM KPUNOTOXpOMAa pPACTEHHUS TMOIYy4YalOT OT COJHEYHOTO W3IydYeHus,
MPOXO/SIIETO Yepe3 MOKPHITUE TETUIHIIBI.

CeeromuonusiM ¢putoodnydatenem (LED) obmyuyanu asa copra orypua «Op3y Fl» u
«Amypy», TIpeHa3HAYEHHBIE IS BBIPANIMBAHUS B TEIUIMIAX B OCEHHE-3UMHHN mepuon. s
CpaBHEHHUS MCIOJIb30BAIHM 00ydaTeh ¢ HaTpUeBoOi Jlammoi Beicokoro aasieHus (HPS). LED u
HPS o6nydarenu pa3memiany B OIMHAKOBBIX PUTOTpoHAX. OOIYy4eHHOCTh B 000UX (PUTOTPOHAX
6611 yeTanoBieHa 40-55 Bt/M? mpu 16-TH 4acoBOM CBETOBOM TIEPHOIE M TEMIIEPAType BO3IyXa
24/19°C (neHb/HOYbD).
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B Tabnume 1, mpuBeaeHbl pe3yabTaThl YpPOKAMHOCTH PA3IUYHBIX COPTOB OTYpPIIOB
BoIpanieHHbIX mog LED u HPS oGmyuarensmu.
Tadauua 1. YpoxxailHOCTh pa3IMUHBIX COPTOB OrypuoB BbipamieHHbIx og LED u HPS

o0nyyaTensaMu
Copr O6nyuarenn Vposxaii ¢ 1 M2 xr
«Op3y F1» LED 6.7
«AMyp» LED 4.8
«Op3y F1» HPS 5.2
«AMyp» HPS 41

AHanu3 TMOJYYEHHBIX pE3YyJIbTaTOB CBUAETEILCTBYET O TOM, 4TO 3((EKTUBHOCTh
dboTOCHHTE3a Y paCTEHHUI OTYPIIOB, BBIPAIICHHBIX O]l CBETOAUOAHBIM (puTooOmydaTenem LED
BBIIIIE, Y€M Yy pAcTeHHH, BbIpalleHHbIX noja obmyuyarenem HPS. Ilorpebnsemas MOIIHOCTB
obmyuateneit LED u HPS cocrasnsna 170 u 440 Bt cooTBeTcTBEeHHO, 3HEepro3aTpatsl A LED-
oOydatesnelt B 2.5 paza HUXe.
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ELECTROPHYSICAL FEATURES OF RADIAL p-n AND p-i-n JUNCTION
STRUCTURES AT CRYOGENIC TEMPERATURES

J. Sh.Abdullayev
TIHHAME National Research University, st. Kori Niyazov, house 39, 100000 Tashkent,
Uzbekistan
E-mail: joshginbekabdullayev@mail.ru

Introduction: For decades, semiconductor materials such as Silicon (Si) and Gallium
Arsenide (GaAs) have been indispensable in modern electronics, requiring accurate modeling and
calibration of their electrical properties for optimal performance. This paper explores the use of
TCAD Sentaurus and analytical techniques for modeling and calibrating these devices,
highlighting the distinct characteristics observed in Si and GaAs radial p-n junction structures. The
electro-physical characteristics of radial p-n and p-i-n structures, along with their growth
processes, have been investigated using analytical and experimental methods in various research
papers[1-3]. However, the electro-physical characteristics of radial p-n and p-i-n structures have
not been studied at low temperatures so far, especially the effect of incomplete ionization in these
junctions. Therefore, in this research paper, I will illustrate these effects in Si and GaAs.

Method and materials: At cryogenic temperatures, dopants in semiconductors may not
fully ionize, meaning that not all donors or acceptors contribute free carriers. This effect, known
as incomplete ionization, is particularly critical for Si and GaAs at low temperatures. While
modeling radial p-n and p-i-n junction structures, we have considered the following physical
effects in TCAD Sentaurus: Carrier Transport Models: Drift-Diffusion Model (default in
Sentaurus), Solves Poisson’s equation and carrier continuity equations; suitable for most
semiconductor device simulations. Since mobility changes drastically at low temperatures, we use
temperature-dependent mobility models such as Canali or Klaassen. Recombination Mechanisms
At low temperatures, Shockley-Read-Hall (SRH) recombination dominates. The SRH model
captures trap-assisted recombination effectively. Bandgap Narrowing (BGN), The Bandgap
Shrinkage Model accounts for cryogenic effects on the bandgap.

Table 1. lonization energies of both acceptors and donors in Si and GaAs [11]:

Type Energy Si: GaAs:
Acceptor Boron (B) AE, =44 Zinc (Zn) AE, =31
meV
Donor meV Phosphorus (P) Silicon (Si) AE, =6
AE, =46

Table 1 contains the activation energy for different impurities in Si and GaAs compounds.
We have not considered the effects of concentration and size, as the resulting change in activation
energy is observed to be around 0.1 meV. This small variation does not significantly affect our
analysis. The quantum effect is not observed for the geometrical size of 0.5 um and 1 um.

Results and Discussion: From the expression for E(r)=-de(r)/dr it's evident that the

electrostatic field reaches its maximum value at locations where changes in charge density and
electrostatic potential occur, as depicted in Figures 3. Additionally, the electrostatic field increases
with rising temperature and the radius of the shell. the maximum value of the charge density
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depends on the doping concentration and is independent of geometric parameters. This finding
suggests that both nano- and micro-scale pn junctions exhibit the same maximum charge density
at equivalent concentrations. Under uniform temperature and forward voltage conditions, different
radii (R=0.5 um and R=1 um) do not alter the current transfer mechanism, but they do increase

the current value.
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Figure 1. Distribution of Electric field E(r) across radial p-n junction structures by
radial dimension in 1D system a) corresponding to R =0.5 pm and b) corresponding to R =1
pm based on GaAs.

It represents the dependence of the electric field distribution on the 1D radial dimension,
showing that the electric field has a high value at the p-n junction. In case a) corresponding to R=
0.5 pum, the electric field value is 30 kV/m, while in case b) at R=1 um, the electric field reaches a
maximum value of 45 kV/m. To explain this situation, we approach it as follows: the change in
electrostatic potential and the value of the space charge density are considered by taking a large

value.
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MPEOBPA3OBATEJIb PACCTOSSHUM C BOJIOKHUCTO-ONITUYECKAM
AHAJIN3ATOPOM

3. baiicagaposa, M.A. AzamoBa
Qunuan gedepanbHoco 20cy0apcmeeHH020 OI00HCEMHO20 00PA308aMENbHO20
yupesicoeHus svicuieco oopazosanus "HayuonanvHulil ucciedosamensbckuil yHusepcumen
"MOH" 6 2. Tawkenme

ABTOMaTHYECKHE H3MEPUTEIbHBIE YCTPONCTBA HAXOMAT LIMPOKOE IPUMEHEHUE IpHU
peIIeHUH 33a]a4 KOHTPOJISI TeOMETPUIECKUX MapaMeTpOB M3ACIUN CIOXKHON (HOPMEBI, HAPUMED
TaKuX, KaK JONATKH ra30TypOMHHBIX aBUTarenei [1].

OcHOBHBIMU (YHKITMOHATHHBIMU Yy3JIAMA aBTOMATHYECKUX HM3MEPUTEIBHBIX YCTPOWCTB,
ONPENETAIOMUMH TJIABHBIE XaPAKTEPUCTUKU H3MEPUTEIHHON CUCTEMBI, SIBJISIOTCS NEPBUYHBIC
npeoOpazoBareny — KOHTaKTHbIE U OeckoHTakTHbIe. KOHTakTHBIE MpeoOpa3oBarenu, JOCTaTOYHO
XOpOIIO M TMOAPOOHO OMHCAaHHBIE B TEXHUYECKOW JHUTEpaType, MPU AOBOJBHO BBICOKHX
METPOJIOTHUECKUX MOKa3aTeNsIX (MOTPelHOCTh U3MEPEHUs 0 5 MKM) 00JaJaloT HEBBICOKHM
osicTpoaeiictBuem (15-20 c. Ha onHo u3mepenue). Cpenu mpeoOpaszoBaTesieil BTOPOro THUIA
HauboJee NepCrneKTUBHBIMUA MOKHO CUUTATh ONTO3JIEKTPOHHBIE TpeoOpa3oBarTeilu, 00Jaaaomme
BBICOKUMHU  TE€XHUKO-DKOHOMUYECKHMH  IIOKA3aTeJISIMH,  OMNpEACNIieMble  TOYHOCTBIO U
ObICTpOACHCTBHEM, (PYHKIIMOHATBHBIMA BO3MOXKHOCTSIMH, JIMAlla30HOM TIpeoOpa3oBaHUs,
COBMECTUMOCTBIO C YCTPOUCTBAMHU aBTOMATHUKH U BBIYUCITUTEIILHOU TEXHUKH [2].

[TpuBenena cxema Ui MPaKTUYECKOTO MPUMEHEHHS B BHJIE TPeoOpa3oBaTesi ¢ BOJIOKOHHO-
ONTUYECKUM aHAIIMU3aTOpoM (puc. 1).

<
<«

Puc. 1. IIpeodpa3oBaTesib pacCTOSHUI C BOJIOKHUCTO-ONTHYECKUM
aHAJIM3aTOPOM

[IpeoOpazoBarens COCTOUT U3 CIEAYIOIIMX OCHOBHBIX OJOKOB: Kopmyca 1 c
YCTaHOBJICHHBIMU Ha HEM OOBEKTUBOM 2 M CBETOIMO/IOM 3, UCTOYHHUKA U3ITy4eHUs 4 C MUTAIOIIUM
ero TreHepaTopoM 5, doronpuéMHUKa 6, cXeMa OJJIEKTPOHHOW 0OpabOTKH CHUTHAJIOB
doronpuémuuka 7, aemonynsTopa 8, kommapatopa 9, d¢opmupoBarens umyibcoB 10,
UMITYJIbCHOTO MCTOYHWKA m3aydeHus 11, yctaHoBieHHOTO Ha Kopmyce 1, GOTOIIEKTPUUIECKOTO
JlaTYMKa JMHEUHBIX MEepeMelIeHuH 12, ONTUYECKH CBA3aHHOTO C HUMIYJIbCHBIM HCTOYHUKOM
usnydenus 13 u mudposoro tabdmo 14.
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VYerpoiicTBO paboTaeT cienyromuM 00pa3zom. CBETOBOM MOTOK OT CBETOIM0Aa 4, TUTAEMOTO
TeHePaToOpOM 5, MPOXOJUT Yepe3 Iepeaaroliee OTBETBICHHE CBETOBOIA 3, 00BEKTHB 2, IOMa1aeT
Ha IIOBEPXHOCTh KOHTPOJIHUPYEMOro oO0beKTa. OTpaxEHHBIA CBET HPOXOAUT TOT K€ IMyTh B
00paTHOM HANpaBJICHUH Yepe3 OOBbEKTUB 2, MIPUEMHBIN OTBETBUTENIb CBETOBO/IA 3 U MOMAlaeT B
¢doronpuémuuk 6. Koprnyc 1 ¢ 3akpennéHHbIME Ha HEM OOBEKTHBOM 2 M CBETOAMOJIOM 3
COBeplIaeT BO3BPATHO-TIOCTYMATEIbHbIE IBUKEHUS 110 HAIIPABJICHUIO U3MEPEeHHUsI ¢ yacToToi 20
't u ammumaryznoii 10 mm. IIpu 5Tom Ha BeIXoje poronpuémMHuka 6 HOpMHUPYETCS H3MEHSFOIITUHCS
[0 YpOBHIO CHUTHAJ, BEJIMYMHA KOTOpPOro sBisieTcsa (yHKIUEH pa3Mepa CBETOBOM MapKu Ha
MOBEPXHOCTU OOBEKTA.

D¢ deKkTUBHOCTH NPENCTaBIEHHOTO METOJa MpeoOpa3oBaHUsl PACCTOSIHMKA B LU(PPOBOE
3HAQYEHHE COCTOUT B TOM, UYTO MPUMEHEH HOBBIM MPUHIUI MOCTPOCHUSI OMTOIEKTPOHHBIX
npeoOpaszoBareeil KOAKCHAILHOTO THIIA, PU 3TOM OMpeAesEH OO OIX0/] K UCCIICIOBAaHUIO
OCHOBHBIX XapaKTEepUCTUK NpeoOpa3oBaTesieil pa3InyHbIX TUIIOB.
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SJEKTPUUECKHUE U ONTUYECKHUE CBOMCTBA MOJYIPOBOJHUKOBBIX
CWJINLHUJIOB

AK.M. lloxumapaoHos
Kapwunckuii 2ocyoapcmeennvlii mexuuueckuti yHugepcumem

OCHOBHBIE pacueThl 30HHOM CTPYKTYpPbI U ONTHYECKUX CBOUCTB OBLIIM MPOBEIEHBI B paMKax
TEOPUH (YHKIMOHANA 3JEKTPOHHOM IJIOTHOCTH C HCIOJIb30BAHUEM COBPEMEHHBIX KBAaHTOBO-
MEXaHUYECKUX METOJIOB: METOJla JIMHEHHON KoMOuHauuu opburtaneid MapGUH-THUH U METOAA
CBSI3aHHBIX TUIOCKUX BONH. IToapoOHbIe pacueThl MPUBEICHBI B OPUTMHAIBHBIX CTaThsx [1].
OcHoBHBIE pe3yibTaThl PAacyeTOB, NMPEJCTABICHHbIE HIKE, BKJIIOYAIOT B ce0s: ompeaeneHue
o01Iero xapakrepa 30HAIbHON CTPYKTYpPbl U XapaKTEPUCTUKY OCHOBHBIX IEPEXOJI0B B pailoHE
ypoBHSL (hepMbl; aHaJIU3 BOJHOBBIX (DYHKLIMH COOTBETCTBYIOIIMX SKCTPEMAJbHBIX (MUHUMYM
30HBI TPOBOAMMOCTH ¥ MAaKCHUMYyM BaJICHTHOM 30HBI) SHEPreTUYECKUX COCTOSHUN B HEKOTOPBIX
TOYKaX BHICOKOW CHUMMETPUH 30HBI bpuiutrosHa; oOmuii XapakTep SHEPreTHIECKOM 3aBUCUMOCTH
MHUMOM (&, ) ¥ JeUCTBUTENBHOM (&7 ) YacTel AUANEKTPHUUECKON (PYHKIINN; OTIpeIeTIEHUE O APYTUX
BaXXHBIX ONTHYECKUX XapaKTEPUCTUKAX COeAUHEHHH. J[s cUIMIUAO0B HEKOTOPBHIX METANJIOB
Takke OyIyT MpeCTaBICHbI JaHHbIE 00 UX U30CTPYKTYPUPOBAHHBIX T'epMaHUAAX, 32 KOTOPHIMU
nocieayeT 00CyKAeHHe CBONCTB HOBBIX MEPCHEKTUBHBIX TPOMHBIX U YETBEPHBIX COCAMHEHUN Ha
OCHOBE 3THX MaTe€pHasoB.
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Jmcwmmmnel xpoma (CrSiy), momubnen (MoSi,) u Bomsdpama (WSi,). [CrSi, m

H30CTPYKTYpEH MeTacTaOmIbHBIX Gaz MoSi, u WSi, npuHaainexar K mpoCTPaHCTBEHHOM IPyIITe
D6  rekcaroHampHOM  CTPYKTYpbl C  [apaMeTpoOB  pEWIeTKH a M C  paBHa
0,4431,0,6364; 0,4642,0,6529; u 0,4610,0,6415 HM nmus xpoma, MoiuOJeHAa U BoJbhpama
CUJIMIUOB, COOTBETCTBEHHO. MaKCMMyM BaJICHTHOM 30HBI PACIIOJIOKEH B TOYKE L, B TO Bpems
KaK MUHUMYM 30HBI ITPOBOJMMOCTH pAaCIIONOKEH B TOouke M 30HbI bpuuntosHa. 3HaueHus
IPSIMOTO IEPEXoAa B TOYKE L JUIs BCEX TpPEX COCAVMHEHUN HMMEIOT OJMHAKOBBIM IOPSNOK U
cocrasisitor 0,41, 0,36 u 0,43 3B ms CrSi, MoSi, u WSi,coorBercTBeHHO. B TO xe Bpems
BEJIMYMHA HEMPSMOTO MEPexoia 3HAYUTEIbHO HIKE IS JUCUINIIAI0B MOJIMO/IeHa U BOJIb(ppaMa
10 CPAaBHEHUIO C IUCUIMLIUAMHU XPOMa.

CootserctBytomue 3Hauenust 0,29 3B nns WSi,u 0,07 3B s (MoS i,. Takum oOpazom,

BCE HCCIElyeMble MaTepuajbl OTHOCATCA K KJIAcCy Y3KOIIOJIOCHBIX HOJYNPOBOJHUKOBBIX
npuOOpoB. AHaNINU3 IUIOTHOCTU 3JEKTPOHHBIX COCTOSHUI IOKa3ai, uyTo BOIM3M ypoBHA Depmu
npeo0iagatoT d-KOMIIOHEHTHI MeTaljla, B TO BpeMsl Kak BOJIM3M HUKHEW 4acTH BAJIEHTHON 30HbI
peodiiajatoT S- U p-opouTaiu KpeMHus. 13 3T0ro MOXKHO CeaTh BBIBOJ, YTO MPSIMON IEpPeX0.l
B Touke L, oOpa3oBaHHBIH B OCHOBHOM d-3JIEKTpOHAMM MeTajjia, OyaeT HMMETh HU3KYIO
WHTEHCUBHOCTH [2].

PaccunTtanHble onTHYecKHE CBOMCTBAa AMCHIMLKIA XpOMa XOPOLIO COIJIACYIOTCS C
pe3yibTaTaMH APYTUX TEOPETHUECKUX M AKCHEPUMEHTAIbHBIX paboT. 3HAaYeHHE CTaTHYECKOU
JURJIEKTPUYECKON IPOHUIIAEMOCTH /ISl IUCUIIMIIMIIA XpOMa cocTaBisieT 26,6. Manoe 3HaueHue
&, U, KaK cJeJICTBHUE, KojieOaTelIbHas CHJ1a MEX30HHBIX [1€PEX0/I0B BOJIM3H 3alPELICHHOM 30HbI HE
MO3BOJIAIOT TOBOPUTH O IPUMEHUMOCTH J3TOrO MaTepuala B KauecTBE H3IIy4aroLIEro
anemeHTa.OTHAKO, TOCKOJIBKY IITUPHHA 3alpeiieHHON 30HbI C1Si, COOTBETCTBYET JUTMHE BOJHBI
4,3 MKM, ee MOXHO UCIOJb30BaTh B KauecTBe (DOTONPUEMHHMKOB C JUIMHOM BOJIHBI,
IIPEBBILIAIOIIEH ITO 3HAYCHHUE.

Cumnun penus (ReSiy ;5). CrabunpHas (dasa MOIYNPOBOAHUKOBOIO CHJIMIHMIA PEHUS
MMeET CTEXMOMETPHYECKHUH cocTaB ReSi; 75 M MNMEET TPUKIMHHYIO PEHIETKY C IPOCTPAHCTBEHHOM
rpynnoi P1 co cnenyromumu mapamerpamu: a = 0,3138, b = 0,312, c = 0,767HM u a =
89,90°. OTt0 coenuvHeHue XapakTepu3yercs HenpsmMbIM nepexoaoM B 0,16 3B, rie Mmakcumym
BAJICHTHOM 30HBI HAXOAMUTCS B ToukKe [, a MUHMMYM 30HBI IPOBOJUMOCTH - B TOUKE S.

MuHuMyM 30HBI MPOBOAMMOCTH B TOYKaX S OCHOBHOM XapaKTE€PU3YeTCs 3JEKTPOHAMU
d —penus (60%) ¢ mobaBneHueM 3MeKTPOHOB P — (27%) u d — (11%) kpemuuss. Makcumym
BAJICHTHON 30HBI B Touke D mouTu mosHOCThIO ompexensercs d-snekrpoHamu penus (90%).
HampoTnB, MakcuMyM BaJICHTHOH 30HBI B TOYKE S COCTOHMT TOJNBKO M3 25% 311eKTpoHOB d —
penusi ¢ nobasnenueM 14% 31MEKTPOHOB P-peHUS ¢ OCHOBHBIM BKiajoM (41%) cocTosHuil p-
kpemHus. Mcxons u3 3TOro, Jenaercs BBIBOJ, YTO ONTHYECKHM Mepexo] B TOukax He Oyner
3arpelleH B JUIMOJIbHOM mpubimxenuu [3].

Pacuer onTu4eckux CBOKCTB CHIMLUIA PeHus ReSi; 75 IOKa3al aHU30TPOIMIO ONITUYECKUX
(GyHKUIMH BIOJB OCH HOJSPU3ALMM CBETa MO CpaBHEHHIO ¢ ocsiMM a U b. CoeanHEHHE UMEeT
ype3BblYaiiHO HU3KOE 3HaueHue &, (MeHee 10% oT MakcuMaiabHOrO 3Ha4yeHMs) B oOsacTu
MEPEX0JI0B MEXy KpallHUMU 3HAUEHUSIMU 30H, KOTOpO€ HauMHAaeT yBelnduBaThes nocie 1 3B u
UMeeT MaKCUMyM TOJIbKO Ha ypoBHE 4 3B, 4To coOTBeTCTByeT mepexojaMm Mexay Oonee
yIAJIEHHBIMUA COCTOSIHUSIMH C HU3KMM 3Ha4€HHEM OT KoJjebarenbHoW cuibl.OHAKO, HMes
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nenpsamoi mepexon 0.16 eV, ReSi; ;s MOXHO HCIOIL30BaTh JAJs CO3JAHUS JETEKTOPOB
U3ITy4eHUSs C JUTMHOM BOJIHBI OoJiee 8 MKM, 4TO ObUIO MOATBEPKICHO HA MPAKTHKE.
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MHOI'OBAPBEPHBIE BOJTHOBO/JHBIE ®OTOIIPUEMHHUKHN HA OCHOBE
APCEHUJA I'AJVINSA C BHYTPEHHUM ®OTOJJIEKTPUYECKHUM YCUJIEHUEM

B.M. Abaykaxxopos
Quzuxo-mexuuyeckuil uncmumym umenu C.A. Az3umosa
abdukakhkhorov92@bk.ru

M3BecTHO, 4TO MPaKTHYECKH JIIOOON MOIYNPOBOJHUK U MOIYIPOBOJHUKOBBIE CTPYKTYPHI
00/1aJal0T 4yBCTBUTEIBHOCTbIO K BHEIIHMM BO3JIEHCTBHSAM, HampuMep, CBeTa, TEMIIEpaTyphl,
MEXaHUYECKOT0 BO3JIeHCTBUS, 3JIEKTPOMAarHUTHOTO NOJIs, paluallMOHHOro u3iydenus [1].

B ucnonb3yeMbix B HacTosiiiee BpeMs BOJHOBOJHBIX (POTONPHUEMHHUKAX [2] MoBbIIEHUE
¢dorocurnana 10 TpeOyeMOro ypoBHSI OCYLIECTBIISIETCS 3@ CUET JOIMOJIHUTEIbHBIX 3((EKTOB,
NEPEYUCIIEHHBIX B MpEeNuIylIeM pa3jiene, TaKuX KaK HWHXKEKLHs, TPaH3UCTOPHBIA 3(PQexT,
JAaBUHHOE Pa3MHOXKEHHE, SMUCCUS 3JEKTPOHOB. C MOMOIIBIO TakuX (POTONPHUEMHHUKOB TPYAHO
PETUCTPUPOBATH C1a0ble ONTHYECKUE CUTHAIIBI.

Pa3zpaGorannblii (oroanon OBUT HCCIEIOBaH C LEJNbI0 aHalmM3a ero (pu3nuecKux
XapaKTEpUCTHK, B YaCTHOCTU CHEKTPAJIBbHBIX MapameTpoB. IIpoBeneHsl U3MepeHus B yCIOBHAX
MIOJIHOTO M MACKMPOBAHHOT'O IOKPBITHS KOHTAKTOB, a TAK)K€ MPHU Pa3INYHON MHTEHCHUBHOCTH
CBETOBOI'0 BO3JEHCTBHUS.

HccnenoBanusi CHEKTpadbHBIX XApaKTEPUCTUK MPU PA3IMYHBIX HOJSPHOCTSIX CMELICHUS
MOKa3aju, 4YTO HCClenyeMas CTPYKTypa, HE3aBHCHUMO OT OCBEIIaeéMOM IOBEPXHOCTH,
JEMOHCTPHUPYET BBICOKYIO YYBCTBUTEIBHOCTh B O0JIACTH JUIMH BOJIH, NMPEBBIIIAIOLUINX KPACHYIO
IpaHUILy, OIIpeIeNIIeMYI0 IIIMPUHOM 3allpelIeHHOM 30HbI MaTepHraia 6a30Boil odnactu (Pucynok
1). JleranpHblli aHaNM3 3aBUCUMOCTH CIEKTPAJIBHOM YYBCTBUTEIBHOCTH OT IPHIIOKEHHOTO
BHEIIHETO HANpPsKEHUS CMEIIEHHs II0Ka3ajl, YTO YBEJIMYEHUE HAIPSDKEHUS TPUBOAMT K
IPONOPLHUOHATBHOMY pOCTy (OTOUYBCTBUTEIBHOCTH, BHE 3aBUCHMOCTH OT MOJSPHOCTU
CMEIIEHHUs. DTO MOXET OBITh CBSI3aHO C YCHJICHMEM IPOIIECCOB I'eHEpallud M peKOMOMHALIUU
HOCUTEJIEeH 3apsjia, a TaKKe C YIy4IlIeHHEeM YCIOBUN UX TPAHCIIOPTUPOBKHU B aKTUBHOW 00J1aCTH
CTpYKTypbl. OCOOEHHO 3aMeTHOE YBEIMYEHHWE YYBCTBUTEIBLHOCTH HAOIIOJaeTcsl MpH TaKou
MOJIIPHOCTU CMEILEHUs, P KOTOPOH (UKCHUPYETCsl y4acTOK pe3koro pocta Toka (Pucynox 1).
Hannsiit 3¢dekr MoxeT ObITb O0O0YCIOBIEH YCHUJIEHHMEM TYHHENIbHBIX MPOLECCOB WU
MOBBIIIEHHONH AKCTPaKUUEeH (OTOreHEPUPOBAHHBIX HOCUTENIEH B YCIOBHUAX YBEIHMUECHHOTO
AIIEKTPUYECKOTO IOJIS.
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Puc. 1. CnekTpajbHble XapaKTePUCTHKHU TPeX0APbePHOH CTPYKTYPHI:
A) BosibT-amnepHasi xapakrepuctuka. b) Xapakrepucruka cnekTpajibHOii
yyBCTBUTEJbHOCTH. C) BHelIHAs XapaKTepuCTHKA KBAHTOBOM 3()(peKTUBHOCTH.
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ONTOSJIEKTPOHHBIN KOHTPO.JIb HEINIOCKNX OFBEKTOB

3.A. BaiicagapoBa
Quauan edepanvbHoco 20Cy0apcmeeHH020 DI0OHCEMHO20 00PA308AMENLHO20
yupescoeHus gvicuieco oopazosanus "Hayuonanvusiii ucciedosamenbcKull yHusepcumem
"MOH" 6 2. Tawkenme

CoBpeMeHHOE MAIIMHOCTPOEHHUE JTOCTATOYHO YaCTO BCTPEUALTCS C 33aa4eil 00bEKTUBHOTO
KOHTPOJIS POl KPUBOJIUHEHHBIX MOBEpXHOCTEH. OCHOBHBIM MPEMSTCTBUEM K TMOBBIIICHHIO
TOYHOCTH W3MEPEHUHN SBISETCA ONTHYeckas abeppamus. Pa3Buthe MeETOZOB KOHTPOJIS
KPUBOJIMHEHHBIX TOBEPXHOCTEH MAaITHHOCTPOUTEIBHBIX M3ACIHUNA CII0KHOU (OPMBI CBSI3aHO C
pacumpeHreM auana3oHa U3MEpeHHs MyTéM ycTpaHeHus: BIusHus abepparuii [1-3]. B ocHOBY
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(GYHKIIMOHUPOBAHUS TpeoOpa3oBarTess MoyIokeH (u3ndeckuii 3(EKT CMEIIMBAHUS CBETOBBIX
U3JIYYCHUI C pa3Iu4yHOW JJIMHON BOJHBI, YTO MOXET OOECHEYUTh YCTOMUMBOCTH K BIIUSHHIO
MOMEX, BBI3BIBAIOIIMX ONTHYECKYIO adeppannio. DTy TEXHUUYECKYIO HICI0 MOXKHO Peain30BaTh B
BUJIE YCTPOWCTBA, MPEIHA3HAUYECHHOTO /Il KOHTPOJISI IPOGUIIsl KPUBOJIMHEHHBIX MTOBEPXHOCTEH

(puc. 1).
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Puc. 1. Cxema ycrpoiicTBa Aj1s KOHTPOJIsI NPOoQuJIs
KPHUBOJIMHEHHBIX MOBEPXHOCTEN

YCTpoHCTBO COAEPKUT UCTOUHUK M3IIydeHus 1, 1Ba oObekTrBa 2 1 3, 1Ba cBeTOoUIbTpa 4
U 5 ¢ OTJIMYHBIMU OJIHA OT JPYTOM AJTMHAMH BOJIH, 1B€ AMadparmsl 6 1 7, ABa MIOCKUX 3epKaja 8
1 9, YCTaHOBJIEHHBIX C BO3MOXKHOCTHIO ITOBOPOTAa BOKPYI HX LIEHTPOB U INEpEMEIEHUsl BAOIb
ONTHUYECKOI OCH YCTPOMCTBa, MI0cKoe 3epkaiio 10, yCTaHOBIEHHOE C BO3MOXHOCTBIO BPALLIEHUS
BOKPYT €ro meHTpa, poropeructpupyromuii 0610k 11, conepkamuii aBa gporosnementa 12 u 13 u
nBa cBetodunbTpa 14 u 15, ycranoBneHHbIX nepes potodnemenTamMu 12 1 13 ¢ OTIMYHBIMU OHA
OT JPYro# AJIMHAMH BOJIH, U KOHTPOJIMpYeMasl TOBEPXHOCTH 16.

VYCTpoiCcTBO OCYIIECTBIISIET CBOKO (PYHKIMIO 10 HM3MEPEHHI0 NPOQHIIS KPUBOJIMHEHHOM
MOBEPXHOCTH CIIEAYIOIIAM 00pa3oM.

Uznyuenue ot uctounuka 1 gokycupyercst n1ByMs oObeKTUBaMH 2 M 3 Ha MOBEPXHOCTSIX
3epkast 8 u 9, mpomyckas ero uepe3 CBeTOUIbTPHI 4 U 5 1 uepe3 nuadparMel 6 U 7, TEM CaMbIM
MIPOU3BO/JIS MOCIIE0BaTeNIbHOE (POPMHUPOBAHHE B KaXKI0M TOUKE KOHTPOJIUPYEMOM MOBEPXHOCTH
16 u3o0pa’keHHEe CBETOBOM MapKH C IOMOIIbI0 MOHOXPOMAaTHUECKHMX CBETOBBIX JIydei c
OTJIMYHBIMHU OJIHA OT APYTOW AITMHAMHU BOJH (pHC. 2).

OtpakéHHbIE OT KOHTPOJIMPYEMOM MOBEPXHOCTH 16 JTyun C MOMOIIBIO IJIOCKOTO 3€pKaia
10 HampaBisitoTcs yepes cBeTopuibTpsl 14 u 15Ha poTtosnementst 12 u 13, npousBoas npu 3ToM
CKaHMPOBAHHE M300paKEHUS MapKH, 00pa3yIolIeics Ha KOHTPOIHPYyeMOi moBepxHOCTH 16. JIBe
MOHOXPOMAaTHUYECKUX TOYKU YACTUYHO MEPEKPHIBAIOT APYr Apyra, Uem OoJiblile 30Ha B3aUMHOIO
NIEPEKPBITHSL, KOTOPOE ONMPEAECIIAETCS MO MOABICHUIO HOBOTO 1IBETA OT CMEUICHHsI Pa3HOLBETHBIX
MATeH, TeM O0oJiee pacCTOSHUE N0 TOBEPXHOCTH 16 Ommke kK pacu€tHoM BenwuuHe. s
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(bopMUPOBAHNS MOHOXPOMATUYECKUX TOUEK HA KOHTPOJIUPYEMOM MOBEPXHOCTH BHIOUPAIOT TaKKe
JUIMHBI BOJIH B3aMMOJCHUCTBYIOIINX CBETOBBIX IMOTOKOB, YTOOBI 0Opa3oBaHHAs CIUSHHEM 30HA
nsTHa 00J1a1aia ATMHOM BOJIHBI, PABHOM MMOJIyCyMMeE JUTMH BOJH MCXOJHBIX MMOTOKOB. Hampumep,
IIPU LIBETAaX CBETOBBIX IOTOKOB CUHEM U KEIITOM IPU CMELIEHUU T0IyYaeTCsl 3€JIEHBIN LIBET.

30Ha CHHETO 30Ha 3es1€HOro 1BEeTa (CMECH)

30Ha KEITOro 1BETA

N\

Hamnpasnenue ckanupoBaHus

Puc. 2. Cxema ¢popMupoBaHusi CBeTOBOH MapKu

Taxum 00pa3zom, U pacIIMpeHus AMana3oHa W3MEPEeHU UCTIONB3YIOT METO/I YCTPAHESHUS
BJIMSIHUSL ONITHYECKOW abeppamui, 4yTo MOBBIIIAET ITOMEX0YCTOHYMBOCTh MPUOOpa M YMEHBIIAET
BEJIMYMHY ITOIPELIHOCTEM.
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INFRAQIZIL INTROSKOPIYA YORDAMIDA KREMNIY PLASTINALARIDAGI
NUQSONLARNI ANIQLASH

Z.T.Azamatov!, A.B. Bahromov!, M.A. Yo‘ldoshev?, A A. Sapayeva', G.G. Kulbayev!
Mirzo Ulug ‘bek nomidagi O ‘zbekiston Milliy Universiteti huzuridagi Yarimo ‘tkazgichlar
fizikasi va mikroelektronika ilmiy-tadgiqgot instituti
2University of Business and Science, Namangan, Uzbekistan

So‘nggi yillarda ragamli golografiya usuli rivojlanib, materiallardagi nugsonlarni aniglash
soddalashib bormoqda. Ragamli golografiya gologrammalarni elektron shaklda yozib olishga
asoslanadi. Bunda CCD videokameralardan foydalangan holda gologrammalar ragamli
ko’rinishda qayd qilib olinadi. Olingan gologrammalar asosida yorug’lik to‘lqinining amplitudasi
va fazasi gayta tiklanadi. Ragamli golografiya usuli fagat bitta video kadrni gqayd etishga asoslanib,
ob’ektdan aks etgan yoki o‘tgan o‘lchov to‘lginining tayanch to‘lqin bilan interferensiyasi
natijasida hosil bo‘lgan intensivlik tagsimotini qayd etadi. Tadqiqot obyektiga oid ma’lumotlar
ragamli gologrammani gayta ishlash orgali olinadi. Ragamli golografiya texnologiyasi turli mikro
tizimlarni buzmasdan nazorat qilish uchun samarali qo‘llanilishi mumkin.

Yarim o‘tkazgich plastinalardagi mikro o’lchamdagi nuqgsonlarni aniglash uchun infraqizil
introskop sxemasi ishlab chiqildi. Bunda nurlanish manbayi sifatida infraqizil to’lqin uzunligiga
ega kogerent va kogerent bo’lmagan nurlanish manbalaridan foydalanilgan [1-5].

Introskoplarning asosiy parametri ularning fazoviy anigligi hisoblanadi. Jumladan, infraqizil
skanerlovchi introskoplar bir necha mikrometrlik spektral diapazonda oflchovlarni amalga
oshirishga imkon berib, fazoviy aniqligi o‘nlab mikrometrlardan 10 nanometrgacha yetishi
mumkin. Biz tomonidan ishlab chigilgan eksperimental introskop 5 nm fazoviy aniglikka, 2 mkm
gacha bo‘lgan spektral diapazonga va 400400 mkm ko‘rish maydoniga ega.

9 e—t——

1 2 3

—1 A v 4

1-rasm: 1 - lazer, 2,6 — optik klin, 3,5 — oynalar, 4,8 — obyektiv, 7 — kamera, 9 —
kremniy plastina.

Sxemada lazer nurlanishi yarim shaffof ko’zgu yordamida ikkiga ajratib olinadi.
Yarimshaffof ko’zgu sirtidan qaytgan mur tayanch nurni hosil qiladi. Ko’zgudan o’tgan lazer
nurlanishi ob’ekt nurini hosil qgiladi. To‘liq sxema golografik tizim sifatida turli kattalashtirish
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darajalarida, jumladan, mikroskop kattalashtirishigacha ishlaydi. Frenel gologrammalarini olish
rejimida sxema yarim o‘tkazgich plastinalari ichidagi mikroobyektlarning tasvirini qatlamlar
bo‘ylab gayta tiklash imkonini beradi.

Nurlanish manbai sifatida diodli gattiq jism DPSS lazer tanlandi. U yagin infraqgizil
diapazonda 1060 nm to‘lqin uzunligida ishlaydi. Lazer spektrining kengligi 2 nm dan kam bo‘lib,
kogerentlik uzunligi bir necha metrni tashkil etadi. Lazer quvvati 200 mVt bo‘lib, u bir modali
yoki ikki modali rejimlarda ishlaydi.

Shuningdek, quvvati 40 Vt bo‘lgan volframli lampadan ham foydalanildi. Ushbu lampaning
nurlanish spektri keng infraqizil diapazonga ega bo‘lib, u Web USB kameralarining sezgirlik
diapazoni bilan mos keladi.

Introskopning mexanik qismi uch koordinatali optik stolikni o°‘z ichiga oladi. U XYZ
koordinatalar bo‘yicha 1 mkm aniqlikda harakatlanish imkoniyatiga ega. Harakat diapazoni tadqiq
qilinayotgan yarim o‘tkazgich plastinalar diametriga (100 mm) teng. Plastinalar joylashtirilgan
tekislik burchak bo‘yicha sozlanish imkoniyatiga ega.

Nurlanishni gabul giluvchi sifatida ragamli CCD kamera ishlatildi. CCD fotodetektorining
fazoviy anigligi undagi fotosezgir elementlar soni va ularning kattaligiga bog‘liq bo‘lib,
mikroskop optik tizimi orgali proyeksiya gilingan tasvirga nisbatan aniglanadi. Shu sababli, 10
mkm? maydonga ega fotosezgir element kerakli optik aniqlikni ta’minlash uchun yetarli bo‘lsa-
da, 7x7 mkm o‘lchamdagi piksel optimal variant hisoblanadi.

Sinovdan o‘tkazilgan kameralar orasida eng mos kelgani Defender 2552-1 CCD kamerasi
bo‘ldi. Bu kamera nafaqat ko‘rinadigan nurlanishga, balki 2 mkm gacha bo‘lgan yaqin infraqizil
diapazonda ham sezgirlikka ega edi.

Kremniy asosidagi yarimo‘tkazgichli materiallar ishlab chiqarishda turli termik ishlovlar
natijasida kristall panjarada turli defektlar hosil bo‘ladi. Ushbu defektlar kristall panjaraning o°ziga
X0s Xxususiyatlari, texnologik jarayonlarda ishtirok etuvchi elementlar va doping qo‘shimchalari
bilan bog‘liq. Bunday defektlarning hosil bo‘lishi kristallning umumiy defekt tuzilmasiga sabab
bo‘lib, uning elektr va mexanik xususiyatlariga bevosita ta’sir ko‘rsatadi.

Termik ishlov berish jarayonlarida defektlarning o°zaro ta’siri kuzatiladi. Bu jarayonning
harakatlantiruvchi kuchi termodinamik potensialni minimallashtirishga bo‘lgan intilishdir.
Defektlarning rivojlanishi, aynigsa, kremniy panjarasidagi nuqtaviy defektlar asosida shakllanadi.
Ushbu nuqtaviy defektlar yuqori haroratlarda maksimal harakatchanlikka ega bo‘lib, kristall
tuzilmasini gayta tashkil gilishda muhim ahamiyat kasb etadi.

Yarimo‘tkazgichli kremniy tarkibida kislorod va uglerod elementlari doim mavjud bo’ladi.
Ular kristall o‘sish jarayonida kvarts tayanchli idishlardan diffuziya orgali kremniy tarkibiga
o‘tadi. Ushbu deffektlar kremniy panjarasida ikki asosiy holatda mavjud bo‘lishi mumkin:

« Nuqtaviy defekt sifatida: Kislorod va uglerod atomlari panjara ichida mustagqil
nuqgtaviy defektlar sifatida harakatlanadi.

« Konsentratsion to‘planishlar: Kislorod va uglerod atomlari yuqori haroratli
jarayonlardan so‘ng pretsipitat shaklida kristall ichida to‘planadi.

Kislorod pretsipitatsiyasi kremniy kristalli sovutilganda yoki termik gayta ishlash natijasida
kuzatiladi. Agar kremniy yuqori haroratda kislorod bilan to‘yingan bo‘lsa, u asta-sekin
sovitilganda eritmalilik chegarasidan ortigcha kislorod miqgdori kristall panjarasidan chigib
ketishga intiladi va SiO- pretsipitatlarini hosil giladi.

Kremniy kristallariga termik ishlov berish orqgali pretsipitatsiyani nazorat gilish mumkin.
Turli harorat rejimlari pretsipitatlarning shakllanish va yo‘qolish jarayonlariga bevosita ta’sir

iladi:
| « 350-500°C: Kislorod pretsipitatsiyasi boshlanadi va termodavomli donorlar
shakllanadi.
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¢ 500-800°C: Geterogen bog’lar hosil bo‘ladi va ulardan kislorod pretsipitatlari
shakllanadi.

« 950-1000°C: Kislorod pretsipitatsiyasi kamayadi va pretsipitatlarning ko‘p qismi
eritiladi.

b)
2-rasm: a) T=600°C temperaturada termik ishlov berilgan n-Si ning 1Q lazer
introgrammasi. b) T=900°C temperaturada termik ishlov berilgan n-Si ning 1Q lazer
introgrammasi.

Avval ishlab chiqilgan introskoplardan farqli o‘laroq, ushbu ishda ko‘p elementli optik
nurlanish detektori va golografik interferometriya usullari qo‘llanildi. Olingan natijalarga ko‘ra,
keng polosali nurlanish maydonida nugsonlarni aniglash va plastinalarni saralash uchun ularni
namunaviy namunalar bilan tagqoslash magsadga muvofiq ekanligi aniglandi. Ushbu usulning
afzalligi plastinalarga zarar etgazmasdan sirtidafi va ichki gismidagi nugsonlarni aniglash
imkoniyatiga egaligidir. Furye transformatsiyasi asosida golografik introskopiya tasvirlarini tahlil
qilish jarayonning tezligi hamda anigligini oshirish imkonini beradi.
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ND:YAG PIKOSEKUNDLI LAZER NURLANISHI TA’SIRIDA MOLIBDEN
SIRTIDA KRATER HOSIL BO‘LISH JARAYONINI O‘RGANISH

M. Axmedov, I. Davletov
Abu Rayhon Beruniy nomidagi Urganch davlat universiteti
munisbek95@urdu.uz

Nd:YAG lazerlari yuqori quvvatli lazer nurlanishi hosil qilish qobiliyatiga ega bo‘lib, sanoat,
elektronika va materialshunoslik sohalarida keng qo‘llaniladi. Pikosekundli lazer impulslarining
gisga davomiyligi material yuzasida yuqori energiya zichligini hosil giladi[1-2], bu esa aniq ishlov
berish jarayonlarini amalga oshirish imkonini beradi. Ushbu ishda molibden sirtida krater hosil
bo‘lishi fizik jarayonlari o‘rganildi.

T:ens Target

&
[ ]

Laser beam

u/'|

Nd: YAG laser

~ Spectrometer /]
Ocean Optics
/7 HR-4000 '
[

1-rasm. Tajriba sxemasi

Nd:YAG lazeri (to‘lgin uzunligi 1064 nm) molibden sirtiga yo‘naltirildi. Lazer
nurlanishining quvvati 21.5 mW va impuls davomiyligi 28 ps qilib olindi. Krater o‘lchovlari
elektron mikroskop (SEM) yordamida o‘lchandi. Lazer-metal o‘zaro ta’siri issiqlik

o‘tkazuvchanligi va plazma ekrani ta’siri bilan tavsiflanadi[3-4]. Krater chuqurligi quyidagi ifoda
bilan hisoblanishi mumkin:

E

d=
pcp(Tm - To) + Hf

Bu yerda:
E — lazer nurlanish energiyasi, p— materialning zichligi, C,— issiglik sig‘imi,
T,,— materialning erish harorati, T,— boshlang‘ich harorat, H— erish issigligi.

NanoStation
—_—
15kV  SP=7 WD=42.2 x290 100.0um  HV SE

2-rasm. Molibden sirtida hosil bo‘lgan kraterni SEM yordamida olingan tasviri.
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Krater chuqurligi lazer impulsi quvvatining ortishi bilan oshdi. 21.5 mW quvvatda hosil
bo‘lgan krater chuqurligi taxminan 10.4 um ni tashkil etdi. Yuqori energiyali impulslar plazma
ekrani hosil qilib, material bug‘lanish jarayonini susaytirishi aniqlandi. Lazer impulsi davomiyligi
kamayishi bilan kraterning diametri kichraydi, bu esa aniglikni oshirishga xizmat qildi.

Xulosa. Nd:YAG pikosekundli lazer ta’sirida molibden sirtida hosil bo‘ladigan krater
geometriyasi energiya va impuls davomiyligiga bog‘liq ekanligi aniglandi. Yuqori aniqlikdagi
ishlov berish jarayonlarida optimal energiya va impuls parametrlarini tanlash muhim ahamiyat
kasb etadi.
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LiNbOs VA LiNbO3s:Fe MONOKRISTALLARINING SIRT MORFOLOGIYASINI
TADQIQ QILISH

Z.T.Azamatov!, M.A. Yo‘ldoshev?, A.B. Bahromov?!
Mirzo Ulug ‘bek nomidagi O ‘zbekiston Milliy Universiteti huzuridagi Yarimo ‘tkazgichlar
fizikasi va mikroelektronika ilmiy-tadgiqot instituti
2University of Business and Science, Namangan, Uzbekistan

Axborot tashuvchilarning zichligi yuqori, ishonchli va uzoq muddatga saqlash muammosini
hal qilishning samarali usullaridan biri golografik usul bo‘lib, so‘ngi yillarda xorijiy
mamlakatlarda turli qayd qiluvchi vositalarda axborotni yozib oladigan o‘ta yuqori sig‘imga ega
golografik saqlash qurilmalarini yaratish bo‘yicha kompleks nazariy va amaliy tadqiqotlar olib
borilmoqda. Shuni ta’kidlash kerakki, golografik usullar yassi hamda hajmiy ko‘rinishdagi
axborotlarni qayd etish, saqlash va tiklash imkonini beradi. Keng tagiglangan sohaga ega bo‘lgan
niobat litiy kristallari fotonika, kvant elektronikasi, opto va akustoelektronika sohasida
go‘llaniladigan istigbolli materiallardan biri hisoblanadi. Elektrooptik, pezoelektrik, nochiziqli
effektlar, ikkinchi garmonika generatsiyasi va lazer nurlanishi ta’sirida sindirish ko‘rsatkichining
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o‘zgarishi kabi optik xususiyatlari gologrammalarni qayd qilish uchun niobat litiy kristallaridan
foydalanishga keng imkon beradi [1,2].

Ushbu ishda LiNbO3z va LiNbOs:Fe kristallarining ba’zi bir optik xususiyatlariga to‘xtalib
o‘tilgan va tadqiq qgilinayotgan namunalarning optik nobirjinsliligining tahlili natijalari keltirilgan.
Niobat litiy monokristalining asosiy optik xususiyatlaridan biri fotorefraktiv effekti hisoblanadi.
Ushbu effekt asosida esa kristall o‘zida oddiy (no) va gayrioddiy (ne) nur sindirish ko‘rsatkichini
o‘zgartishi yotadi. LiNbOs3 kristalining oddiy va g‘ayrioddiy nur sindirish ko‘rsatkichlari
go‘llanilish oralig‘i 400-5000 nm bo‘lgan quyidagi formulalar yordamida hisoblangan.

n2_ 1= 2,980412 1,22922 12,6142 (1)
o T A2-0,01764 = 12-0,05914 = A2—474,6
2,427272 0,598112 8,954312

ng—1= (2)

A2-0,02047 = A%2-0,0666 A2-416,08

Olingan natijalardan ko‘ra, No ning o‘zgarishi to‘lqin uzunligi ortgani sari (2,5+2,12)
oraliqda, ne ning o‘zgarishi esa (2,19+1,85) oraliqda ekanligini ko‘rish mumkin.
Qolaversa, LiINbO3 va LiNbOz:Fe namunalarining sirt morfologiyasi atom kuch mikroskopi
(AKM) da  tahlil qilindi. Bunda tadqiq qilinayotgan  sohaning  o‘lchami
(10 um+10 um) ni tashkil giladi (1- va 2-rasm).
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1-rasm. LiNbOs kristali sirt morfologiyasining AKM tasvirlari: a) 3D fazaviy
tasviri; b) sirt gistagrammasi; d) sirt relyefi
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Olingan natijalardan ko‘rish mumkinki, LiNbO3 Kkristalining sirtida mexanik ishlov berish
natijasida turli xildagi chiziqli nugsonlar hosil bo‘lgan (1a-rasm). Bu esa 0‘z navbatida namuna
sirtidagi zarrachalar tagsimoti va relyefiga ta’sir ko‘rsatadi (1b-va 1d-rasmlar). LiINbO3 kristalida
hosil bo‘layotgan do‘ngliklar (0+20 nm) oraliqda bo‘lib, sirtning katta qismini 14+16 nm bo‘lgan
zarrachalardan tashkil topgan deyish mumkin. LiNbOz:Fe namunalarida esa sirt morfologiyasi
nisbatan bargaror va chizigli nugsonlar deyarli uchramaydi (2a-rasm).

nm

100 %

X =996 pum
Y=99%6um| o

10 15 20 25 30 35 40%

Z=815nm

= 0w % o9 o Yo o = C

mmmmmm

Length =103 pm Pt=658nm Scale =65.8 nm

504\

40
30
20

10

60 -

9

——
10 pm

2-rasm. LiNbOs:Fe kristali sirt morfologiyasining AKM tasvirlari: a) 3D fazaviy
tasviri; b) sirt gistagrammasi; d) sirt relyefi

Sirtni asosan o‘lchami 5+45 nm bo‘lgan do‘ngliklar tashkil etadi (2b-rasm) va bu o‘z
o‘rnida struktudagi temir ionlari ta’siri bilan bevosita bog‘ligligini bildiradi.
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IKKI ELEMENTLI NATRIY XLOR QOTISHMASI SIRTIDA HOSIL BO‘LGAN
PLAZMA SOHASIDAGI ELEKTRONLAR KONSENTRATSIYASI

A.l. Japagov”, M.E. Vapayev, 1.Y. Davletov
Urganch davlat universiteti. 220100. Urganch sh. X.Olimjon, 14 uy.
*azamat@urdu.uz

Hozirgi kunda ikki va ko‘p elementli qotishmalarni elementar spektrokimyoviy tahlil usuli
sifatida, lazer spektroskopiyasi (LIBS) keng qo‘llanilmoqda. LIBS usuli yordamida moddani har
ganday agregat holatida, ya’'ni gaz, suyuq yoki qattiq holatida bo‘lishidan qat’iy nazar tahlil qilish
imkoniyati mavjud [1,2]. Lazer impulslari mikroplazma hosil bo‘lishiga olib keladigan, oz
miqdordagi materialni atomizatsiya qilish uchun namunaga yo‘naltiriladi. Lazer nurlanishlarining
atomlar va elektronlar bilan o‘zaro ta’sirlashuvi natijasida yuqori temperaturada plazma hosil
bo‘ladi va plazma turli spektrlarda o‘zidan yorug‘lik chigaradi. Plazma yorug‘ligi spektral
ravishda aniglanadi va har bir elementning noyob emissiya spektri asosida namunaning elementar
tarkibini aniglash imkonini beradi [2].

Ushbu ishda 10 Torr bosimli vakuum kameraga joylashtirilgan gattiq agregat holatdagi
natriy xlor (NaCl) qotishmasi sirtiga to‘lqin uzunligi 1064 nm, impuls davomiyligi 20 ns bo‘lgan
Nd: YAG lazer nurlanishi bilan ta’sir qilindi. Natijada namuna sirtida hosil bo‘lgan plazmaning
parametri spektroskopik usul yordamida o‘rganildi. Natriy xlor gotishmasi plazmasining asosiy
parametri elektronlar konsentrasiyasi aniglandi.

Olingan plazma emissiya spektr tarkibida Na va CI elementlarini (I) va (Il) zaryadli
ionlardan hosil bo‘ladigan ion o‘tishlari mavjudligini ko‘rsatdi (1-rasm). Plazma spektrlariga mos
natriy va xlor ionlari uchun to‘lqin uzunliklar va mazkur o‘tish liniyalarining kengliklari aniglanib
bu kattaliklar Shtark kengayish usuli yordamida plazma tarkibidagi erkin elektronlar
konsentrasiyalarini aniglash imkonini berdi.

Shtark effekti bu tashgi maydonning mavjudligi sababli atomlar va molekulalar spektral
chiziglarining siljishi va bo‘linishidir. Shtark effektini

emissiya va yutulish liniyalari uchun ham kuzatish mumkin [3,4].
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1-rasm. NaCl gotishmasini plazma emissiya spektri
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Spektrning keskin kengayishi plazma spektridagi chiziglar zaryadlangan zarralarni
to‘gnashuvidan kelib chiqadi [5]. Elektron zichligi va FWHM (full widths at half maximum) spektr
maksimal yarim kengligi orasidagi farqi ko‘rsatilganidek, Shtark kengayish chiziqi quyidagicha

bo‘ladi:
1
n, n, ) 3 - n, 0
Al = 2W(1016j+3,5A[1016] -(1—ZND3JW (1016] A (@

2

bu yerda Np - Debay sferasidagi zarralar soni, A-ionlarni o°zaro ta’sir parametri, W - elektron
ta’sir parametri. Tenglama o‘ng tomonidagi birinchi had elektronlarni o‘zaro ta’siridan
kengayishni va ikkinchi had elektron va ionlarni o‘zaro ta’sir parametri koeffitsiyenti.
Vodorodsimon bo‘lmagan ionlar uchun Shtark kengayishi elektron ta’siri, ionlarni o‘zaro
ta’siridan ustunlik qiladi va ionlarni o‘zaro ta’sir koeffitsiyenti ahamiyatsiz [3,4]. Natijada Shtark
kengayishi quyidagicha bo‘ladi.

n 0
AA, =2W - 1A. (2
% (1016) ( )

AL, =FWHM spektr kengligini yarmi, ne-elektron zichligi. Shtark kengayish usulidan

2
foydalanib NaCl elementini (I) va (IT) zaryadli ion o‘tishlaridan hosil bo‘lgan spektrini to‘lqin
uzunlik giymatlariga mos keluvchi shkalasidan elektron zichliklari aniglandi (1-jadval). Bunda
spektr maksimal kengligini yarmi (FWHM) Gauss impulsi bilan moslashtirilgan holda aniglandi
(2-rasm). Moslashtirishdan shkalasi bir-biriga juda yaqin bo‘lgan ion o‘tishlar ajratildi va alohida
hisoblandi. Elektronlarning o‘zaro ta’sir parametri W ni son giymatini hisoblashda [5] dan
foydalanildi.
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2-rasm. Lazer nurlanishi ta’sirida NaCl gotishmasi sirtida hosil bo‘lgan plazma a) ClI
(11), 2=499,84 nm b) Na I, A=568,27 nm, ¢) Na I, A=589,15 nm d) Na I, A=615,37 nme) Cl I,
2=819,48 nm spektr chiziglarini Gauss impulsi bilan moslashtirish.

1-jadval
Atom/ion To‘lgin Konfiguratsiyasi Elektron Elektronlar
uzunligi Axiz, ta’sir zichligi ne,
(nm) parametri w (10*)em-3
(4)
Cl (1) 499,84 3s23p*(‘D)4p 0,08 89,8
Na | 568,27 2p°3p-2p°4d 1,97 0,8
Na | 589,15 2p®3s-2d°3p 0,316 9,02
Na | 615,37 2p®3p-2p°5s 0,564 2,16
Cl1 819,48 3s23p*(°P)4p 0,65 3,8

Har bir spekir chiziglari uchun plazma sohasidagi elektronlar zichligi aniglandi (1-jadval).

Xulosa qilib aytadigan bo‘lsak natriy xlor qotishmasi hosil gilingan plazmaning asosiy
parametri elektronlar konsentratsiyasi aniglandi. Elektronlar konsentratsiyasini o‘lchangan
giymatlari boshga muhim plazma parametrlarini hisoblash imkoniyatini beradi.
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LAZER NURLANISHI TA’SIRIDA MIS FOLGA YUZASIDA HOSIL BO‘LGAN
KRATERDA RAYLEIGH-TAYLOR STURUKTURALARINI TADQIQ QILISH

M. Axmedov, I. Davletov
Abu Rayhon Beruniy nomidagi Urganch davlat universiteti
Email: munisbek95@urdu.uz

Ushbu tadqiqotda pikosekund impulsli Nd:YAG lazer (1064 nm, 28 ps) ta’sirida mis folga
sirtida hosil bo‘lgan plazmaning krater shakllanish jarayoniga ta’siri va Rayleigh-Taylor
beqarorligi o‘rganildi. Tajribada 63,1 mkm qalinlikka ega mis folga, lazer nurlanish quvvati 20,2
mW va fokus masofasi 25 sm bo‘lgan linza qo‘llanildi. Mis folga yuzasida hosil bo‘lgan krater
tasviri elektron mikroskop (SEM) yordamida olindi. Rayleigh—Taylor begarorligi (RT) odatda ikki
xil zichlikdagi suyuglik interfeysida og‘irlik kuchi yoki tezlanish ta’sirida yuzaga keladigan
tebranish holati sifatida tushuntiriladi[1]. Lazer ablatsiyasi sharoitida RT issiglik va lazer bosimi
tufayli hosil bo‘lgan plazma va qattiq material interfeysida yuzaga keladi. Bu beqarorlik lazer
ta’sirida mis yuzasida hosil bo‘ladigan tekstura va strukturalarni shakllantiradi[2].

P Laser beam \ Mirror
Nd: YAG laser g
Spectrometer | .
Ocean Optics
HR-4000 Lens
Plasma

Pt
|
1-rasm. Tajriba sxemasi

Mis folga sirtida krater shakllantrish jarayonida hosil bo‘lgan plazmaning emissiyasi nur
tolali optik spektrofotometr (Ocean Optics HR-4000) yordamida gayd qilindi. Plazma
emmisiyasini gayd gilish uchun spektral qurilma namunaga 45° burchak ostida joylashtirildi.
Spektrofotometr plazma spektrini 200 nm dan 1100 nm gacha bo‘lgan diapozondagi ion
o‘tishlarini o‘rganish imkonini beradi. Namuna sirtida hosil qilingan kraterlar morfologiyasini
skanerlovchi elektron mikroskop SEM CX-200 yordamida tahlil gilingan.

Lazer nurlari folga yuzasiga tushganda, mis atomlarining tashqi elektronlari yuqori
energiyali holatga o‘tadi va natijada issiqlik hosil bo‘ladi. Lazer nuri energiyasi folga yuzasida
juda kichik sohada jamlanganligi sababli, metal juda tez eriydi. Qisga impuls tufayli issiglikning
ichkariga tarqalish vaqti juda kam bo‘lib, ko‘proq metal yuzasida to‘planadi. Bu issiq elektronlar
diffuziyasi jarayoni bilan bog‘liq bo‘lib, issiqlikni yuzaga yaqin qatlamda ushlab turadi. Lazer

energiyasi yetarlicha yuqori bo‘lsa, erigan misning bir qismi darhol bug‘lanib ketadi. Yuqori
tezlikda bug‘lanish sodir bo‘lganda plazma rejimi vujudga keladi. Bug‘langan metal yuzadan
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yuqoriga chiqib, havodagi molekulalar bilan o‘zaro ta’sir giladi va sovib kondensatsiyalanadi.
Lazer ablatsiyasi tufayli krater markazida chuqurroq soha hosil bo‘ladi. Markazdan chetroqda
joylashgan hudud (Periferiya)ga yaqin joylarda esa bug‘lanish kuchsizroq bo‘lib, material erib,
yon tomonlarga tarqalgan. Kraterning chetida teksturali strukturalar paydo bo‘lishi, Raleigh-
Taylor instabilliklari yoki materialning tebranish suyuglik dinamikasi natijasi bo‘lishi mumkin.

s
DT — .
45Ky SP=7 “WD=343  x3.0k 2025-02-30

2-rasm. Cu folga yuzasida hosil bo‘lgan krater tasviri

Rayleigh-Taylor (RT) beqarorligi suyuqlik yoki gaz qatlamlari o‘zaro farqli zichliklarga ega
bo‘lib, yuqori zichlikli gatlam past zichlikli gatlam ustida joylashganida yuzaga keladi. Agar
tizimda tortishish kuchi yoki tezlanish mavjud bo‘lsa, zichlik farqi tufayli ikki qatlam o‘rtasidagi
interfeysda buzilishlar kuchayib boradi va bu beqarorlik turbulentlik yoki strukturalarning
shakllanishiga olib keladi.

Lazer ablatsiyasi natijasida erigan metal yuzasida bu instabillik yuzaga kelishi mumkin,
chunki yuqori zichlikdagi erigan metall qatlami past zichlikdagi bug® yoki plazma bilan aloga
giladi, natijada interfeysda to‘lqinlar va murakkab strukturalar hosil bo‘ladi[3].

Rayleigh-Taylor (RT) instabilligi ikki zichlikka ega muhit chegarasida bosim gradienti
bo‘lganda yuzaga keladi. Beqarorlikning asosiy matematik tavsifi:

2 _ Agk
1+(kL)
Bu yerda
w- tebranish chastotasi (o‘zgaruvchanlik tezligi)
A= ﬁ — Atvud soni (ikki zichlik farqini ko‘rsatuvchi parametr)

g- ekvivalent bosim gradenti
k = 2771- to‘lqin soni
L- erigan gatlam galinligi
P1, P2- yuqori va pastki gatlam zichliklari
Ushbu tenglamadan shuni ko‘rishimiz mumkinki, agar p; > p, bo‘lsa, yani yuqoridagi
gatlam zichligi past bo‘lsa beqarorlik kuchayadi. Bu krater chetidagi burmalar va sturukturalarni
hosil qilishga sabab bo‘ladi.
Xulosa
Ushbu ishda lazer nurlanishining mis folga yuzasida Rayleigh—Taylor begarorligini keltirib
chiqarishi eksperimental kuzatishlar bilan bog‘landi. Olingan natijalarga ko‘ra, lazer ablatsiyasi
natijasida yuzaga keladigan bosim gradienti va erigan gatlam dinamikasi Rayleigh-Taylor (RT)
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beqarorligini kuchaytirib, mikro-teksturalar hosil bo‘lishiga sabab bo‘ladi. Bu natijalar lazer
yordamida mikro- va nano-strukturalarni boshqarish, lazerli mikro ishlov berish texnologiyalarini
rivojlantirish hamda yuqori chastotali lazer impulslari ta’sirini chuqurroq o‘rganish uchun muhim
ahamiyat kasb etadi. Kelajakda eksperimental va hisoblash usullarini kombinatsiyalash orgali
aniqlikni oshirish va RT ni yaxshiroq nazorat qilish yo*‘nalishlarida tadqiqotlar olib borish tavsiya
etiladi.
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KFS-12 SPEKTROMETRIDA 400-4000 NM SPEKTRAL ORALIQDA
YARIMO’TKAZGICHLARNING YUTILISH VA LYUMINESSENSIYA
SPEKTRLARINI TADQIQ QILISH

G.G. Kulbayev
Mirzo Ulug’bek nomidagi O zbekiston Milliy Universiteti huzuridagi Yarimo 'tkazgichlar
fizikasi va mikroelektronika ilmiy-tadgiqot instituti

Yarimo’tkazgichlar zamonaviy texnologiyalarning ajralmas qismiga aylangan bo’lib,
optoelektronika, quyosh batareyalari, datchiklar va kvant nuqtalari asosidagi yoritish tizimlarida
keng qo’llanilmoqda. Ushbu materiallarning optik xususiyatlarini o’rganish ularning qo’llanilish
sohalarini kengaytirish va samaradorligini oshirishda muhim ahamiyat kasb etadi. Aynigsa,
yutilish va lyuminessensiya spektrlari yarimo’tkazgichlarning energetik holati va optik
xususiyatlarini aniglashda asosiy vositalardan biri hisoblanadi.

Yarimo’tkazgichlarning optik xususiyatlari ularning elektron tuzilishi, tagiglangan zona
kengligi va yoritilgan muhitdagi energiya o’zgarishlari bilan bog’liq. Optik yutilish hodisasi
materialning elektromagnit nurlanishni o’zlashtirish qobiliyatini ifodalaydi va quyidagi omillar
ta’sirida o’zgarishi mumkin.

o Kiristall panjaraning strukturasi va defektlari
e Materialga qo’shilgan dopantlar
e Harorat va tashqi elektromagnit maydonlar.
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Lyuminessensiya jarayoni esa materialga tushayotgan fotonlarning elektronlarni yuqori
energetik holatlarga o’tkazishi natijasida yuzaga keladi va ushbu elektronlarning asosiy holatga
qaytishi natijasida foton chiqarilishi kuzatiladi. Bu jarayon turli yarimo’tkazgichlarda turli
uzunlikdagi nurlar chigishiga olib keladi. J. I. Pankove (1971) va S. M. Sze (1981) kabi olimlar
ushbu jarayonlarni chuqur o’rganib, yarimo’tkazgichlarning optik javobini ifodalovchi
fundamental formulalarni ishlab chigganlar.

1-rasm: KFS-12 spektrometri

Eksperimental tadgiqot KFS-12 spektrometri yordamida olib boriladi. U 400-4000 nm
diapazonda ishlash qobiliyatiga ega bo’lib, yuqori aniqlikdagi yutilish va lyuminessensiya
spektrlarini o’lchash imkonini beradi. Tadgiqot uchun Si (kremniy), GaAs (galliy arsenid), ZnO
(sink oksid), CdTe (kadmiy tellurid) kabi yarimo’tkazgich materiallari tanlandi. Eksperimental
tadgigot quyidagi ketma-ketlikda amalga oshiriladi:

e Namunalarning sirt qismi maxsus eritmalar yordamida tozalanadi.

e Optik xossalarini yaxshiroq o’lchash uchun lazer nurlari va monoxromator
yordamida yorug’lik manbai sifatida infraqizil va ultrabinafsha nurlar qo’llaniladi.

e Olingan spektrlardan materiallarning tagiglangan zona kengligi giymatlari
aniglanadi va ularning fizik-kimyoviy xususiyatlari baholanadi.

KFS-12 spektrometri yordamida olinishi kutilayotgan tadgigot natijalari shuni
ko’rsatdiki,

e Si materialida yutilish spektri 1100 nm atrofida keskin kamayib, tagiglangan zona
kengligi giymati 1.12 eV ga;

e GaAs uchun bu ko‘rsatkich 870 nm, ZnO uchun esa 3.37 eV;

e CdTe (kadmiy tellurid) materiali uchun yutilish chegarasi 820 nm atrofida bo‘lib,
bu uning 1.45 eV taqiqlangan zona kengligiga ega ekanligini nazariy jihatdan ko’rsatadi.

e Lyuminessensiya natijalari shuni ko’rsatdiki, CdTe ning farglangan intensiv
chiziglari 780 nm atrofida joylashgan bo’lib, bu materialda kuchli fotoluminessensiya
jarayoni sodir bo’lishini anglatadi.

e ZnO yarimo’tkazgichi ultrabinafsha diapazonda kuchli emissiyaga ega bo’lib,
uning nurlanish cho’qqisi 380 nm atrofida kuzatilishi, bu esa ZnO ning keng tagiglangan
zona kengligi (3.37 eV) ga ega ekanligini tasdiglaydi.

e Nazariy tadqiqotlar shuni ko’rsatdiki, harorat va tashqi elektromagnit
maydonlarning o’zgarishi materiallarning optik xususiyatlariga sezilarli ta’sir ko’rsatadi.
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Ayniqgsa, harorat oshishi bilan lyuminessensiya intensivligi pasayishi va yutilish spektrining

biroz siljishi kuzatiladi.

Ushbu ilmiy tadgiqotni olib borishda quyidagi muhim natijalarni KFS-12 spektrometridan
foydalanib, turli yarimo’tkazgichlarning optik spektrlari va ularning fizikaviy xususiyatlarini aniq
baholash imkoniyatini tasdiglaydi. Tadgigot natijalardan quyidagi nazariy xulosalar kelib chigadi:

e Yarimo’tkazgich materiallarining yutilish spektrlari ularning tagiglangan zona
kengligiga to’g’ridan-to’g’ri bog’liq bo’lib, bu materiallarning fotoelektronika va
optoelektronika sohalarida qo’llanilishini belgilaydi.

« Si va GaAs kabi materiallar infragizil va yaqin infragizil diapazonda ishlaydigan
detektorlar va quyosh panellarida samarali ishlashi mumkin.

e ZnO va CdTe ning kuchli Iyuminessensiya xususiyatlari ularning LED
texnologiyasi va nurlanuvchi materiallar sifatida istigbolli ekanligini ko’rsatadi.

o Tashqi omillar (harorat, maydonlar) materiallarning optik javobiga ta’sir ko’rsatishi
aniqlangan bo’lib, bu texnologik jarayonlarda muhim omil sifatida hisobga olinishi lozim.
Kelajakda ushbu tadgiqot asosida quyidagi muhim masalalari o’rganilishi zarur deb

hisoblayman:

« Yangi nanozarrachali materiallarning yutilish va lyuminessensiya spektrlari tadqiq
gilinishi mumkin.

e Harorat va bosim sharoitlarining optik javobga ta’siri chuqurrog modellashtirish va
eksperimental tekshiruvlardan o’tkazilishi lozim.

o KFS-12 spektrometri yordamida murakkab birikmali yarimo’tkazgichlarning optik
parametrlarini aniglash va ularni amaliy sohalarga integratsiya qilish.

Mazkur ilmiy ishdan olindigan natijalar yarimo’tkazgich materiallarining optik
xususiyatlarini  chuqurroq tushunish hamda ularni ilmiy va amaliy jihatdan qo’llash
imkoniyatlarini kengay-tirishga hissa qo‘shadi. Kelajakda ushbu tadqiqot doirasida yangi turdagi
yarimo ‘tkazgich materiallarining optik xususiyatlari chuqurroq o‘rganiladi. KFS-12 spektrometri
yordamida harorat va elektromagnit maydonlarning ta’siri tahlil qilinadi. Olingan natijalar
optoelektronika va nanoelektronika sohalarida qo‘llanilishi mumkin bo’ladi. Bu izlanishlar
zamonaviy texnologiyalar rivojiga muhim hissa qo‘shadi.
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CHIZIQLI PARABOLIK KONSENTRATOR ASOSIDAGI NEODIM KIRITILGAN
KVARS TOLALI LAZERLAR

A.G. Qakhkhorov, Sh.D. Payziyev, A.A. Sherniyozov
O ‘zbekiston Respublikasi Fanlar Akademiyasi lon plazmasi va lazer texnologiyalari
instituti, 100125, Toshkent, O ‘zbekiston
e-mail: abdulla.gafurovich@iplt.uz

Keng spektrli quyosh nurlanishini kogerent tor diapazonli lazer nurlanishiga aylantiradigan
quyosh lazerlari hozirgi kunda tadqiqodchilarning e’tiborini tortmoqda. Quyosh lazerlari uchun
bir necha turdagi kristallardan foydalanib kelishgan. Ammo, so‘nggi paytlarda optik tolalarni faol
muhit sifatida ishlatildi [1] va Nd**-kiritilgan kvars tolali quyosh lazerlari o‘rganila boshlandi.
Tolali quyosh lazerlarning umumiy samaradorligi 8 % gacha oshishi taxmin gilinmoqda [1]. Lekin
tolali quyosh lazerining samaradorligi va chigish quvvati juda past. Shuning uchun, ushbu ishda
tolali lazer parametrlarini baholash va ularning umumiy samaradorlikka ta’sirini o‘rganish
magsadida tolali quyosh lazerlarning Monte Karlo [2-3] foton yo’lini kuzatish metodi yordamida
modeli ishlab chigildi. Uzunligi 200 sm, kengligi 50 sm va fokus masofasi 50 sm bo’lgan chiziqli
parabolik konsentrator olindi (1-rasm). Bu konsentrator yuzasiga jami 900 W quyosh quvvati
tushadi. Aktiv muhit uchun goplama diametri 1 mm, yadro diametri 200 mkm bo‘lgan Nd**-
kiritilgan kvars tola (Kiritilgan konsentratsiya 1.3 10?° at./m® NA=0.18, Furukawa Electric Co.,
Ltd.) konsentrator fokusiga joylashtirildi. Foton yo‘lining sxematik diagrammasi va uning tolada
yutilishi 2-rasmda ko‘rsatilgan. Simulyatsion modelda optik tolada turli xil deffektlar hosil
bo‘lmasligi uchun tolaning egrilik radiusi hisobga olingan.

1-rasm. Lazer tizimining umumiy 2-rasm. Foton yo‘lining sxematik

ko'rinishi. 1- chizigli parabolik konsentrator, diagrammasi va uning tolada yutilishi. 1-

2- quyosh nuri, 3- kvars shisha, 4- tola quyosh nuri, 2-kvars shisha, 3- chap

goplamasi, 5- chap tomoni, 6-tola yadrosi, 7- tomoni 4- tola qoplamasi, 5- yugori tomoni

yugori tomoni, 8- o‘ng tomoni. 6- o‘ng tomoni, 7- tola yadrosida yutilgan
foton, 8- tola yadrosi.

Modelda umumiy tola uzunligi tolalar gatori va ustuni ko’rinishida olindi va lazer chiqish
quvvatining tola uzunligiga bog‘ligligi o‘rganildi. 193 m optimal tola uzunligi uchun lazer chiqish
quvvati aniglandi (3-rasm). Bu 18 gatordan va 5 ustundan iborat bo‘lib, 90 ta halqadan tashkil
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topgan. Yaratilgan model yordamida aktiv muhitda yutilish samaradorligi, lazer chigish quvvati
va quvvat tagsimoti hisoblandi.

-
w
T

-
N
T

Laser output power (W)

-

50 100 150 200 250 300 350 400
Nine core silica fiber length (m)

3-rasm. Lazer chiqish quvvatining optik tola uzunligiga bog‘ligligi.

Xulosa shuki, chizigli parabolik konsentrator orgali quyosh bilan damlanadigan Nd*-
kiritilgan kvars tolali lazerlar modelini ishlab chiqildi. Aktiv muhitning yutilish samaradorligi
16.67%, yutilgan fotonlarning quvvati 150 W ga teng bo’ldi. Lazer chigish quvvati 15.65 W,
quyosh nuridan lazer nurlanishiga o‘tkazish samaradorligi 1.74 % ni tashkil etishi model
yordamida aniglandi.
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YENGIL GAZ ATOMLARI KIRITILGAN Zr [H,N] PLAZMA KO‘P ZARYADLI
IONLARINING MASSA SPEKTRLARI

A.l. Japagov”, M.E. Vapayev, 1.Y. Davletov
Urganch davlat universiteti. 220100. Urganch sh. X.Olimjon, 14 uy.
*azamat@urdu.uz

Hozirgi kunda ikki elementli lazer plazmasini hosil bo‘lishi va kengayish bosqichlarida sodir
bo‘ladigan ko‘p zaryadli ionlarning ionlashuvi, rekombinatsiyasi va tezlashuvining fizik
jarayonlarini nishonning tarkibiga bog‘ligligini o‘rganish juda dolzarb masalalardan hisoblanadi.
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Bunday tadqiqotlarga bo‘lgan ehtiyoj, ko‘p zaryadli ionlarning hosil bo‘lishi va inertsial
kengayishining ushbu fizik jarayonlarining samaradorligi ko‘p zaryadli ionlarning chiqishi,
zaryadi, energiyasi va fazoviy tagsimotini aniglaydi. Tadgigotda olingan natijalar ikki elementli
lazer plazmasida ion oqimining hosil bo‘lish jarayonlarini tushuntirish imkoniyatini beradi[ 1].

Ushbu ishda lazer nurlanishi ta’sirida plazma ko‘p zaryadli ionlarini hosil bo‘lishiga gattiq
agregat holatdagi Zr nishoniga maxsus kiritilgan atomlar yoki boshgarilmaydigan aralashmalarda
mavjud bo‘lgan yengil gaz (H,N) atomlarining ta’siri tadqiq qilingan. Zerkoniy sirtidan hosil
bo‘lgan plazma ionlarining kontsentratsiyasi 10-4 massa % ni vodorod atomlari bo‘lgan plazma
ionlarining massa spektrlari eksperimental ravishda ko‘p elementli Zr[H,N] nishon uchun lazer
nurlanishining quvvat zichligiga bog‘liq holda o‘rganildi[2-5].

Bundan tashqgari, bir elementli plazma tarkibidagi ionlarning nisbiy chigishi bilan
solishtirganda og‘ir element ionlarining dN/dE ni kamaytirish qanchalik muhim bo‘lsa, ionlarning
zaryad karraligi shunchalik katta bo‘ladi. Biroq, ko‘p elementli plazma holatida berilgan Z ga ega
bo‘lgan ionlarning umumiy unumi har doim katta bo‘ladi. Bu qonuniyat mis ionlar dastasida hosil
bo‘lgan H ionlariga ham xosdir. Shubhasiz, bu birinchidan, undagi inersial H ning konsentratsiyasi
kamroq, ikkinchidan, gaz kiritilgan Zr tarkibida ikkita yengil oralig gazlar (H,N) mavjudligi bilan
bog‘liq. Nishon sifatida Zr[N,H] dan foydalanilganda, ulardagi yengil gazlar kontsentratsiyasi 10-
3-10-1 % og‘irligini tashkil etadi.

Shuni ta’kidlash kerakki, ko‘p komponentli plazmaning massa spektrlarida butun
o‘rganilgan lazer nurlanishining q = 109 -1011 Vt/sm2 quvvat zichliklari diapazonida H va N ning
ion spektr chiziglarining cho‘qqilari bir-biri bilan yoki boshqa elementlarning ion cho‘qqilari bilan
bir-biriga mos kelmaydi. Bunda Zr[N,H] ko‘p elementli nishonidan q~1011 Vt/sm2 da hosil
bo‘lgan plazma ionlarining massa spektrida yengil gaz N ionlari alohida Zr ion spektr chiziglari
bilan mos tushmagan (1-rasm).

Zr,+5

. +3
IIA/ Z N,“f‘ Zf-“é /Zf' f"’..fz Zr”
\ [

1-rasm. Zr[N,H] ko‘p elementli nishonidan q~1011Vt/sm2 da hosil bo‘lgan plazma
ionlarining massa spektri, bunda bir zaryadlangan ionlarning energiyasi 200 eV.

Yengil gaz N azot ionlari Zr ga nisbatan yengil bo‘lganligi sababli yuqori tezlikda
analizatorga birinchi bo‘lib yetib keladi va o°zining alohida ion spektr chiziglarini namoyon qiladi.
Zr ionlarining plazmada H va N ionlari bilan birga kengayib borayotgan energetik spektrlarini
o‘rganish va olingan natijalarni bir elementli plazmadagi bu ionlarning bir xil xarakteristikalari
bilan solishtirish shuni ko‘rsatdiki, q lazer nurlanishining barcha qiymatlari uchun Z = 1-5 bo‘lgan
Zr ionlarining energiya tagsimoti diapazoni bir elementli plazmasida Z berilgan Zr ionlarining
energetik spektrlarining kengligidan kattaroqdir.
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Xulosa qilib aytadigan bo‘lsak Zr[H,N] dan hosil bo‘lgan Zr ionlari uchun lazer
nurlanishining yuqoridagi q giymatlarida ushbu elementlar ionlarining Zmax va mos ravishda +4
va +5 ekanligi aniglandi.
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MONITORING OPTICAL ILLUMINATION OF BIOLOGICAL TISSUES

M.K. Khusanova
Alfraganus University NOOT

The study of light radiation in the visible and near-infrared wavelengths is of great
importance in physics, technology, and medicine. Light in this wavelength range penetrates
biological tissues well and interacts with various structural and dynamic components of tissues,
providing information about the structural and dynamic changes that occur in tissues during
various diseases. In technology, rays of this wavelength are used to generate electricity and
transmit information from one point to another.

In physics, phenomena such as absorption, diffraction, interference, fluorescence, as well as
elasticity, quasi-elastic and molecular scattering are observed in biological environments and are
sources of information about pathological processes.

Looking back at the research that has been done, light has been used to observe the state of
biological tissues and cells to diagnose diseases. For the first time in 1831, the passage or refraction
of light emitted from a source through the head of a patient with hydrocephalus provided
information about the presence or absence of the disease.
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Figure 1. Spectrophotometer SF 46- device

Later, in 1843, the possibility of transillumination of biological tissues was noted by Korling,
and in 1929, Cutler used transillumination to observe pathological changes in the mammary
glands. Millikan was the first to propose the use of two-wavelength optical spectroscopy to account
for light scattering, and he successfully performed metabolic analyses in humans. This led to the
creation of modern devices that diagnose human health based on data on the rays transmitted
through various environments.

In 1911, Hasselbalch conducted research on the transmission of ultraviolet radiation through
the skin. The study of the propagation characteristics of ultraviolet radiation in the environment is

also widely studied in the fields of physics and engineering.
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Figure 2. Spectral representation of biological tissue

Conclusion: Based on the above, optical illumination of biological tissues was performed
using the Spectrophotometer SF 46- device shown in Figure 1. In this case, it was observed that
the tissues became transparent when examined for glycine absorption compared to their initial
state. Research conducted simultaneously from a biological and physical perspective is currently
yielding fruitful results.
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AI-BASED BEAM TRACKING IN 5G AND BEYOND NETWORKS

D. Qurbonov
Tashkent State Technical University named after Islam Karimov, Tashkent, Uzbekistan.

ABSTRACT: The rapid deployment of 5G networks and the transition to Beyond 5G (B5G)
and 6G technologies have created new challenges in beam tracking and beamforming. High-
frequency millimeter-wave (mmWave) and terahertz (THz) communication suffer from signal
attenuation, environmental interference, and mobility issues. Artificial Intelligence (Al)-based
beam tracking has emerged as a promising solution to optimize wireless communication, reduce
signal misalignment, and enhance connectivity. This paper explores Al-driven beam tracking
techniques, their impact on network efficiency, and potential future developments in B5G and 6G
networks.

INTRODUCTION: Beam tracking is essential in modern high-frequency wireless networks,
ensuring reliable and stable communication for mobile users. Traditional beamforming relies on
fixed algorithms, which lack adaptability in dynamic environments. Al-based solutions leverage
machine learning (ML) and deep learning (DL) to predict beam movements, adjust transmission
dynamically, and minimize latency. This research focuses on the role of Al in optimizing beam
tracking for 5G and future networks.

Fig. 1. Al-based beam tracking process in 5G and Beyond Networks. The diagram
illustrates user mobility and its impact on beam orientation adjustments at both the user
equipment (UE) and the access point (AP), ensuring optimal signal alignment.

1. High Path Loss: mmWave and THz signals experience significant attenuation over long
distances, requiring precise beam alignment.
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2. Mobility Issues: Moving users, vehicles, and drones cause frequent signal disruptions,
necessitating real-time tracking adjustments.

3. Environmental Interference: Weather conditions, obstacles, and multipath fading affect
signal strength and reliability.

1. Machine Learning (ML) Algorithms: Supervised and reinforcement learning techniques
predict optimal beam alignment based on real-time data.

2. Deep Learning (DL) Networks: Neural networks process vast datasets to enhance beam
prediction and dynamic tracking.

3. Reinforcement Learning (RL) Approaches: Al models learn from network feedback,
continuously improving beamforming efficiency.

The integration of Al with edge computing and quantum machine learning could
revolutionize beam tracking in 6G networks. Future research should focus on developing energy-
efficient Al models, improving dataset quality, and enhancing real-time adaptability to extreme
network conditions.

Al-driven beam tracking is a transformative approach for optimizing wireless networks,
ensuring stable communication in 5G and beyond. By addressing mobility, environmental, and
path loss challenges, Al significantly enhances beamforming efficiency and network reliability.
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p-n O‘TISHLI QUYOSH FOTOELEMENTNING SAMARADORLIGIGA
QIZIGAN ZARYAD TASHUVCHILARNING TA’SIRI

G.Gulyamov, G.N.Majidova”, M.A. Xoligova
Namangan davlat texnika universiteti,
O'zbekiston, 160103, Namangan, Islom Karimov ko ‘cha 12 uy,
m.gulnoza.1985@gmail.com

Hozirda p-n o'tishli quyosh fotoelementlarining o‘ta yuqori chastotali mikroto‘lqinlar
ta’sirida samaradorligini oshirish bo‘yicha dunyoda olib borilayotgan tadqiqotlar yangi
imkoniyatlar va texnologiyalarni kashf qilishga qaratilgan. O‘ta yuqori chastotali mikroto‘lqinlar
guyosh fotoelementlarining samaradorligini oshirishda yangi yondashuvlar va texnikalarni taklif
giladi.

O‘ta yuqori chastotali mikroto‘lqinlarning fotovoltaik xususiyatlarga ta’siri quyosh
fotoelementlarining optik absorpsiya va elektron harakatini ta’sir etish imkonini beradi.
Tadqiqotchilar bu to‘lginlar yordamida fotoelementlarning energiya yutilishini va samaradorligini
oshirish uchun yangi texnologiyalar ishlab chigishmoqgda.

Tadqgiqotchilar o‘ta yuqori chastotali mikroto‘lginlarning fotovoltaik qurilmalarga ta’sirini
sinchiklab o‘rganishmoqda. O‘ta yuqori chastotali mikroto‘lginlar yordamida p-n o'tishlarining
optik va elektr xususiyatlarini o‘zgartirish mumkin. Quyosh fotoelementlari yanada yuqori
samaradorlikka erishishi bugungi kunda juda dolzarb hisoblanadi.

O‘ta yuqori chastotali mikroto‘lginlar ta’sirida p-n o'tishli quyosh fotoelementlarining
samaradorligini oshirish bo‘yicha tadqiqotlar fotovoltaik texnologiyalarni yangi bosqichga olib
chigishda katta ahamiyatga ega. Mikroto‘lqinlar yordamida energiya o‘tkazish, fotoelektrik effekti
kuchaytirish, va yangi materiallar bilan ishlash, quyosh energiyasidan foydalanish samaradorligini
sezilarli darajada oshirishi mumkin. Bu sohada olib borilayotgan ishlanmalar ilgari surilgan
texnologiyalarni yanada samarali gilish imkoniyatlarini yaratadi.

Biz esa ushbu ishimizda p-n o‘tishli quyosh fotoelementining foydali ish koeffitsientiga
qizigan zaryad tashuvchilarning ta’sirini o’rganib chiqdik

p-n o‘tishli quyosh fotoelementining foydali ish koeffitsientini (1) ifoda orgali hisoblaymiz.

J-Uu Ju

T="p TP (1)
Bu yerda P - fotoelementda yutilayotgan quyosh energiyasining quvvati, J, —maksimal

quvvatga to‘g‘ri keluvchi tok kuchi (1) ifodaga ham mavjud tajribalarda olingan sonli giymatlarni
qo‘yib grafiklarni olganimizda, FIK ni qizigan elektronning temperaturasiga bog‘liqligi turli
holatda ko‘rinishi hosil bo’1di (1-rasm).
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1 -rasm. FIK va qizigan elektronlar harorati orasidagi bog‘lanish grafigi

Grafikdan ko’rinadiki panjara haroratini oshirish yo‘li bilan foydali ish koeffitsientini
kamaytirish, aksincha haroratni kamaytirish esa FIK oshirish mumkin ekan.

Harorat ko‘tarilganda rekombinatsiya toki ortadi, to‘yinish toki ortadi. To‘yinish tokining
ortishi dioddagi to‘g‘ri tokni ortishiga va oqibatda volt- amper xarakteristikani musbat
kuchlanishlar uchun yuqoriga ko‘tarilishiga sabab bo‘ladi.

Elektron kovak gazining qizishi ham kristall panjara haroratini ko‘tarilishi rekombinatsiya
toklari ortishiga va buning oqibatida to‘ldirish koeffitsientini kamayishiga olib keladi. Bu oz
navbatida quyosh fotoelementining foydali ish koeffitsienti kamayishiga sabab bo‘la oladi.

p-n o‘tishli dioddagi rekombinatsiya toklarining ortishiga olib keluvchi har ganday jarayon
foydali ish koeffitsientini kamayishiga sabab bo‘la oladi.

p-n o‘tishli quyosh elementi effektivligining kamayishini fizik mohiyati qo‘yidagicha:
elektron va kovaklar giziganda rekombinatsiya toklari ortadi. Rekombinatsiya tokining ishorasi
fototokning ishorasiga teskari. Fototok yorug‘lik yordamida generatsiya tokini ortiradi.
Generatsiya toki bilan rekombinatsiya toklari garama-garshi bo‘lganligi sababli elektron va
kovaklarning gizishlari natijaviy tokni kamaytiradi. Ogibatda quyosh fotoelementining foydali ish
koeffitsienti kamayadi.
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FOTOELEKTRIK MODULGA SALBIY TASIRLARIDAN OQILONA FOYDALANISH

VA BOSHQARISH TEXNOLOGIYASI

K.A. Djumamuratov **, O.F. Tukfatullin 1, S.A. Daminov !, B.N. Butunbaev 2

M. Ulug'bek nomidagi O'zMU huzuridagi yarimo'tkazgichlar fizikasi va mikroelektronika ITI,

O'zbekiston 100057, Toshkent sh., Jneu Anmaszap, 20
20'zR FA Fizika-texnika instituti "Fizika — Quyosh" 1ICHB,
O'zbekiston 100084, Toshkent sh., Chingiza Aymatov, 2B
“djumamuratovkomekbay @gmail.com

Elektr energiyasi va issiqlik energiyasi ishlab chigarishda chigindilarni kamaytirishga hissa

qo’'shish uchun ba’zi mamlakatlar tabiiy yoqilg'idan foydalanishni kamaytirish majburiyatini
oldilar, shuning uchun yanada samarali texnologiyalar va quyosh energiyasi kabi gayta tiklanuvchi
manbalardan foydalanish yo'lga go'yilmogda. Quyosh energiyasidan fotoelektrik modullar va
issiglik kollektorlar orgali, elektr yoki issiglik energiyasini ishlab chigarilmoqda [1]. Ushbu
qurilmalar energiya sarfini kamaytirish, elektr energiyasi, maishiy issigq suv va isitish zarurati
bo'lgan joylarini ta’minlash uchun binolarga o' rnatilishi mumkin.

Mujassamlangan fotoissiglik aylantirgich (FIA) — bu quyosh nuri energiyasini elektr

energiyasiga aylantirish, uni saglash, ishlab chigarilgan energiyani invertatsiya qgilish yoki istemol
uchun uzatishgacha bo’lgan bir-biriga bog'langan elektron qurilmalar ketma-ketligini o'z ichiga
olgan energiya tizimi.
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So'ngi paytlari olimlar tomonidan quyosh fotoelektrik modullarining samaradorligin
oshirish, tan-narxini kamaytirish, hamda ularning chiqgish energetik parametrlariga tashqi
omillarning tasirlarini o'rganish katta axamiyat kasb etmoqda [2]. Ma’lumot o’rnida quyosh
fotoelektrik modularini issiq kontientlarda sinovdan o tkazganda, harorat oshishi natijasida ular
tomonidan ishlab chiqgariladigan quvvatning pasayishini kamaytirish va sovutish natijasida
energiya samaradorligin oshirish, hamda qurug iglim sharoitlarida samarali ishlay oladigan
fotoelektrik tizimlarning yangi konstruktsiyalarini ishlab chigish olimlar oldida turgan asosiy
vazifalardan hisoblanadi. Shu nuqgtai nazardan elektr va past quvvatli issiglik energiyasini ishlab
chigarish uchun kombinatsiyalashgan (mujassamlangan) tizimini ishlab chiqildi va sinovlardan
o’tkazilmoqda.

Atrof-muhit sharoitlari FEM parametrlari va xususiyatlariga ta'sirini etarli darajada baholash
uchun, birinchi navbatda, uzoq vaqt davomida FEMlarning tarkibiy qgismi bo'lgan quyosh
elementlarining (QE) isish darajasi to'g'risida ishonchli ma'lumotlarga ega bo'lish zarur [3].
Masalan, kunning kunduzgi gismi davomida FEMlarning isishi va sovushi dinamikasini aniglash.
Ushbu ma’lumotlar, nafaqat QElarining ganchalik isishini aniqlashga yordam beradi, balki
mujassamlangan fotoissiglik aylantirgich (FIA)da quyosh energiyaning bir holat boshga bir
holatga o’tish jarayonidagi issiglikni yo'gotish sabablarini aniglash imkonini beradi.

Tajribamiz 100 Vtli fotoelektrik modulni har dagigada volt-amper va harorat
xarakteristikalari soat 10:00 dan 17:22 gacha bo lgan oraliqda kuzatildi (1-rasm). Tadgigotimizda,
kun davomida eng yuqori ko’rsatgichga soat 12:20da, eng yuqori quvvat 73,6 Vt atrofida bo’ldi,
kun davomida o’rtacha quvvat 60,46 Vt ni tashkil etdi. Eng yuqori quvvat soat 12:00 dan 13:00
gach bolgan oraligda kuzatildi.
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1-rasm. FEM va AB larning volt-amper va harorat xarakteristikalari
[2025 yil 13-mart]

FEM harorati va FIAdagi havo haroratini bir vagtning o'zida o'lchash magsadida, haroratni
yangi avlod o'Ichash tizimining ko'p kanalli (o'n to'rt kanal) qurilmasidan foydananildi. Qurilma -
55 dan +125 °C gacha bo'lgan harorat oralig'ida keng kuzatuvni ta'minlaydi. Datchiklar sifatida
zanglamaydigan po'latdan yasalgan germetik korpusdagi DS18B20 ragamli harorat datchiklari
ishlatilgan.
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FEMdagi harorat tagsimlanishini aniglash magsadida orga yuzasiga 3 ta harorat datchigi va
FIA qurulmasi oldi yuzasiga 9 ta ya’niy yuqori qismi 3 ta, markaziy qismiga 2 ta hamda quyi
qismiga 4 ta harorat datchigi o’rnatildi. Olingan natijalar 2 — rasmda ko’rsatilgan.
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3- rasm. FEMning 3 nuqgtali va FIA ning 9 nugtali harorat xarakteristikasi
[2025 yil 13-mart]: a — FEMning 3 ta nuqgtadagi harorati; b — FIAdagi yugori 3 ta nugtadagi
havo harorati; d — FIAdagi markaziy 2 ta nuqtadagi havo harorati, e — FIAdagi quyi 4 ta
nugtadagi havo haroratlari.

Kun davomida FEMning o'rtacha harorati 46,64 °C atrofida, soat 13:35 da eng yuqori harorat
taxminan 56 °C kuzatildi. FIA qurulmasining yugori va quyi gismlaridagi haroratlar fargi 10 °C
ga farq qilganini ko rsatdi, bunda FEM haroratining yuqori qismiga issiq havo oqimi ko’tarilib

harorat oshishi natijasida modul tomonidan ishlab chigariladigan quvvatning pasayishiga olib
keldi.

Foydalanilgan adabiyotlar
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Ru ASOSIDAGI SEZGIR YUPQA QATLAMLI QUYOSH ELEMENTLARI
FOTOANODI UCHUN FOTOELEKTRIK KATTALIKLAR

Y.N. Sharibayev!, Q.A. Ergashov?, B. S. Fazliddinov?”
!Namangan muhandislik-texnologiya instituti,
2Namangan davlat iniversiteti.
“saloxiddinfazliddinov9@gmail.com

Ushbu tadgiqotda, yuqori chastotalarda (17-108 kHz) mexanik tebranishlarning TiO> (titan
ikki oksidi) relefini o'zgartirishga ta'siri o'rganilgan. TiO2 ning fotosensitivlik va elektr
o'tkazuvchanlik xususiyatlarining oshishi, ushbu tizimlarning quyosh energiyasini elektr
energiyasiga aylantirish jarayonidagi samaradorligini yaxshilashga garatilgan. Tadgiqgot orqali
mexanik tebranishlarning TiO2 ning ichki tuzilishi va elektron o'tkazuvchanligiga ta'siri
aniglangan bo'lib, bu natijalar kelajakdagi yugori samaradorlikka ega fotoanodli tizimlar yaratish
uchun yangi imkoniyatlar ochishi kutilmoqda. Tajriba natijalari quyosh energetika sohasida
innovatsion yechimlar ishlab chigishda muhim ahamiyatga ega.

Titanium dioksid (TiO2), yupga gatlamli quyosh elementlari, fotoelektrik xususiyatlar,
quyosh energiyasi, nanostrukturalar, energiya konversiyasi, materiallar texnologiyasi.

Quyosh energiyasi jahon bo'ylab energiya manbai sifatida o'zining tejamkorligi, bargarorligi
va ekologik tozaligi bilan ajralib turadi. Quyosh energisini jamlash va uni elektr energiyasiga
aylantirish jarayonida fotoanodli tizimlar muhim ahamiyatga ega. Ushbu tizimlar, odatda,
fotoanod va elektrolitlar o'rtasida elektronlarni o'tkazish jarayonini amalga oshiradi. Bunday
tizimlarda TiO2 (titanium oksidi) kabi yorug’likga nisbatan sezgir moddalar rol o'ynaydi, chunki
u quyosh nurini samarali to'playdi va uni elektr energiyasiga aylantirishda sabab bo’ladi. yupqa
yarimo‘tkazgich gatlam-TiO2 va Ru (Il) aralashma tarkibli quyosh ementlarini rivojlantirish
uchun turli chastotali tebranishlarni qo’llab ijobiy natijalarni qidirish lozimdir.

Magsadga muofiq namuna tayyorlash uchun zarur materiallar va tajriba jihozlari FTO
(Fluor-doped Tin Oxide) va ITO (Indium Tin Oxide): lIkkala material ham yuqori elektr
o'tkazuvchanlikka ega va quyosh elementlari uchun mos keladi[1]. TiO.: Asosiy fotosensitizer
sifatida ishlatiladi. Etanol: TiO> dispers gatlam tayyorlashda suyultiruvchi sifatida foydalaniladi.
Mufel pech: TiO gatlamini tayyorlash va quritish magsadida ishlatiladi[2]. Chastotani generatori:
Yugqori chastotali mexanik tebranishlar yaratish uchun foydalaniladi. Spirtlampasi: o’ta yuqori
haroratli ishlov berish jarayonlarida foydalaniladi.

Bu tadgiqgot ishimizda yuqori chastotalar, ya'ni 17-108 kHz oralig chastotalarga ega mexanik
tebranishlarning TiO2 relefini o'zgartirish imkoniyati ko'rib chiqildi. Mexanik tebranishlar
materialning aylanish va deformatsiya kabi jarayonlarda energiya almashinuvi va elektron
o'tkazuvchanligini o'zgartirishda muhim rol o'ynaydi[3]. TiO2 ning elektr xususiyatlari va
yoritilishdan keyingi holati tuzilgan mexanik shakllanishlar bilan bog'lig bo'lgan xususiyatlardir.
Shuning uchun, mexanik tebranishlar yordamida TiO> ning relefi va elektr xususiyatlarini
o'zgartirish natijasida yuksakan samaradorlikka erishish imkoniyati bor.

Mexanik tebranishlar ta’siri ostida fotogeneratsiya qatlamini vijudga keltirishning nazariy
asoslarini quyidagicha tushuntirish mumkin: TiO2 ning elektrrik xususiyatlari: tita ikki oksidi
TiO2, ko'p qirrali material sifatida kimyoviy barqgarorligi va ekologik havfsizligi bilan
mashhurdir[4]. TiO> moddasi u o'ziga xos elektron gobiglar tuzilmasiga ega bo'lib, u UV

215


mailto:*saloxiddinfazliddinov9@gmail.com

IV IYbBA. MYKOBWJ DHEPTUSI MAHBAJIAPHA

diapazonida undan yugori energiya sohalarida ko'proqg elektronlar chigarishi adabiyotlardan
ma’lumdir. Bu xususiyatlar tezkor energetik holat o’zgarishlarini amalga oshirish imkonini beradi.

1-rasm. Ultratovush intervali uchun to’lqin manbai generatori va dinamikasi

Yugori chastotalardan kelib chiggan mexanik tebranishlar TiO2 ning kristall tuzilishini
o'zgartirishi va elektr o'tkazuvchanligini yaxshilashi mumkin. Mexanik tebranishlar energiyaning
yuklanishi va elektronlarni ko'tarish jarayonlarida faollikni oshirishi mumkin, bu esa umumiy
fotosensitivlikni oshiradi[5].

Ishni bajarish quyidagi ketmaketlikda olib boriladi. Dastlab FTO va ITO substratlari
tayyorlanadi va tozalanadi. TiO. dispersiyasi etanolda tayyorlanadi va FTO/ITO substratlariga
go'llaniladi. Substratlar mufel pechida qattiglashtirish jarayonidan o'tkaziladi. Mexanik
tebranishlar chastotasi 108 kHz ga o'rnatiladi.

17 kHz dan 108 kHz gacha bo'lgan chastotalar bir gator muhim xususiyatlarga ta'sir
ko'rsatishi mumkin. Yugori chastota mexanik tebranishlar materialning ichki tuzilmasiga yoki
kristall panjarasiga tebranadigan kuchlarni beradi[6]. Bu esa, energiyani to'plash jarayonida TiO>
ning elektrokimyoviy xususiyatlarini yanada yaxshilash imkoniyatini oshiradi. Masalan, mexanik
tebranishlar yordamida TiO2 ning passiv holatdan faol ga o'zgarishi, bu esa fotosezgirlikni ortirish
jarayonlariga o'tishi uchun imkon berishi mumkin.

2-rasm. 17-108kHZ diapazonli to’lqin manbai va metal difazorga ega dinamik
qurilma
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Shu bilan birga, relef ko’rinishlarni o'zgartirish bilan birga Ta'sir giladigan mexanik
tebranishlar materialning ichki holatini, shu jumladan elektr o'tkazuvchanligini, ion
mexanizmlarini va mexanik kattaliklarini o'zgartiradi. Bu jarayonlar TiO2 ning o'zgarishiga va
o'zaro boshqa moddalar bilan ta'sirlardagi kattaliklar o’zgarishiga olib keladi va kelajakda quyosh
elementlari samaradorligini oshirish uchun muhim hisoblanadi.

Ushbu tadgiqotda mexanik tebranishlarning TiO. transformatsiyasi ustida ta'siri va uning
quyosh energiyasi yuqgori samaradorlikdagi elementlarga ta'siri diggat bilan o'rganiladi. Yana,
tajriba jarayoniga kirishib, yugori chastotali mexanik tebranishlarning giyosiy tajribalarini yaratish
va o'lchovlar olib borishni taklif etamiz[7].

Olingan TiO2 gatlamining elektr xususiyatlari, faoliyat va samaradorlik ko'rsatkichlari
tekshiriladi.

Yana, fotosenzitivlik va energiya konversiyasi ko'rsatkichlari o'lchanadi. Olingan
natijalardan foydalanib TiO gatlamining mexanik tebranishlarga ganday ta'sir ko'rsatishiga e'tibor
garatildi. Yuqori chastotalar ta'siri ostida TiO2 ning elektr o'tkazuvchanligi va magbul elektr
xususiyatlari o'zgarishi kuzatiladi.
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INFLUENCE OF 1 MEV ELECTRON IRRADIATION ON OUTPUT PARAMETERS
OF THE p-TYPE SILICON HETEROJUNCTION SOLAR CELLS

O.K. Ataboev!”, A.S. Titov?
1Semiconductor Physics and Microelectronics Research Institute, Tashkent, Uzbekistan
20,Uzbekistan, 100057, Tashkent, st. Yangi Almazar,
2R&D Center of thin film technologies in Energetics,
28, Polytechnicheskaya street, Saint-Petersburg, 194064, Russia.
“omonboy12@mail.ru

Recently, the demand for renewable energy sources is increasing. The reason for this is its
environmental friendliness, ease of use. Currently, silicon solar cell is the most common and most
used cells among solar cells. Its share in the photovoltaics market is over 95%, and mono-
crystalline technology still became the dominant technology in c-Si production [1].

Nowadays, scientists around the world have been paying considerable attention to the use of
solar photovoltaic modules in space to provide electrical power for artificial spacecraft that
primarily operate in low Earth orbit [2]. We know, the most widely used materials for space-based
energy systems are multi-junction solar cells (SCs) based on gallium arsenide (GaAs). However,
their production cost is significantly higher than that of silicon-based SCs, and the manufacturing
technology for GaAs-based SCs is far more complex, involving multiple stages [3]. For this
reason, silicon-based SCs are regaining attractiveness for low-orbit spacecraft (500-2000 km) due
to their high conversion efficiency. Given the above, investigating the impact of charged particles
(electrons) on the output parameters of heterojunction (HJT) solar cells has become one of the
urgent tasks.

This study examines the influence of 1 MeV electron irradiation on the output parameters of
p-type silicon heterojunction solar cells, including open-circuit voltage (Voc), short-circuit current
density (Jsc), fill factor (FF), and overall power conversion efficiency (PCE) in the range of fluence
5-10% - 1-10% e/cm?.

To conduct the research, Si HJT SCs (Fig. 1) were created on single-crystal p-type Si
substrates (boron-doped) grown by the Czochralski method, with an acceptor concentration of
N¢>10'® cm3, a thickness of ~130 um, crystallographic orientation (100) and with an initial charge
carriers lifetime of 10 >0.9 ms. In the single-crystal Si substrate, the oxygen concentration was
~9-10'® cm3, the carbon concentration was ~7 x 10*® cm™, and the dislocation density was ~600
cm?, respectively. To fabricate the HJT SCs, thin (=5 nm) intrinsic (i-type) conductivity
amorphous hydrogenated silicon (a-Si:H) layers were deposited on the front and rear surfaces of
the single-crystal p-type Si substrate using RF PECVD (Radio Frequency Plasma-Enhanced
Chemical Vapor Deposition) technique. Subsequently, heavily doped n*-type a-Si:H and p*-type
a-Si:H conductive layers (~10-15 nm thick) were applied via the same method to form a p-n
junction on the front side and built-in electric fields on the rear side. Next, Transparent and
conductive Sn-doped In203 (ITO) layers were deposited on rear and front sides of photosensitive
structure using radio- frequency magnetron ion sputtering, which also played a role of an anti-
reflection coating. To collect photogenerated charge carriers from the front and rear surfaces of
the heterostructure, silver (Ag) contacts were applied by screen printing at low temperature with
subsequent curing. A schematic view of the bifacial Ag — ITO — rn*-a-Si:H — i-a-Si:H — p-c-Si — i-
a-Si:H — p*-a-Si:H — ITO — Ag HJT SC is shown in Fig. 1.
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Fig. 2 shows the photo J-V curves of Si HIT SCs before and after electron irradiation with
an energy of 1 MeV in the range of fluence 5-10'® — 1-10 e/cm?. The photo J-V curves of Si HIT
SCs were studied using the solar radiation simulator SCIENCETECH UM-UHE-NL Solar

Simulator using a Keithley SM2460 Source Meter, at the AMO (136.7 mW/cm?) solar spectrum at
room temperature.
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Fig. 1. A schematic view of the Fig. 2. Photo J-V curves of Si HJT SC
bifacial p-type Si HIJT SC. before and after electron irradiation with an
energy of 1 MeV at AMO solar spectrum. @,
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As can be seen from Fig. 2, the photo J-V characteristics depend on the radiation dose, and
the output parameters — such as short-circuit current density (Jsc), open-circuit voltage (Voc), output
maximum power and photoconversion efficiency — slightly degrade after electron irradiation.

At an irradiation fluence of 5x10' cm™2, the open-circuit voltage decreases by 2.67% from
0.6 V t0 0.584 V, and the short-circuit current declines by approximately 3.3% from 44.9 mA/cm?
to 43.4 mA/cm?. Further increasing the fluence to 1x10' cm™ results in a 3.67% degradation of
the short-circuit current and an 1.7% reduction in the open-circuit voltage. When the fluence is
raised to 1x10' cm™, the short-circuit current decreases by an additional 4.6%, and the open-
circuit voltage diminishes by 2.1% compared to the previous fluence level (5x10* cm™2).

From the conducted experiments, it can be seen that the short-circuit current is significantly
more sensitive to irradiation dose than the open-circuit voltage, decreasing more sharply as the
dose increases. This indicates that electron irradiation primarily introduces radiation-induced
defects in the bulk of monocrystalline silicon.

It is known that the short-circuit current depends on the diffusion length of minority charge
carriers (L), which in turn is determined by minority charge carriers’ lifetime. As the lifetime of
minority charge carriers decreases following electron irradiation, the diffusion length L is reduced

[4].
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Fig. 3. Dependence of the minority charge carriers’ (electrons)
lifetime on the electron fluence.

Fig. 3 shows the dependence of the minority charge carriers’ (electrons) lifetime on the
electron fluence. It can be seen from Fig. 3 that with an increase in the value of the irradiation
fluence from 0 to 1-10%° cm™, the minority charge carriers’ (electrons) lifetime value responsible
for the deterioration of the photovoltaic characteristics of silicon HIT SCs decreases by 47%, from
~ 125 us to ~ 65.5 ps.
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PASPABOTKA JATYUKOB HA OCHOBE ®OTOANOJ0B A1 CUCTEMbI
CJIEXKEHMSA 3A COJTHIEM

C.A. lamunos”, K.A. Jlixkymamyparos, C.1I. MyxuTaunos
HUU ¢pusuxu norynposoonuxos u muxposnekmponuxku npu HY'Y3z um. M. Ynyeoexa,
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ConHeyHasi »HEpreTMka 3aHMMAaeT BaXXHOE MECTO B CTPYKTYpe BO300OHOBISIEMBIX
WUCTOYHUKOB DHEPIHH, OJHAKO 3((EKTUBHOCTh COTHEUHBIX MaHENIed BO MHOTOM 3aBHCHUT OT UX
OPUEHTALIMM OTHOCHUTENBHO COJIHIA. J[JI1 MaKCUMHU3allUK MOTJIONUIEHUS COJIHEYHOTO H3JITYyYeHUS
MPUMEHSIOTCSI CUCTEMBI CIICKEHHUSI 32 COJIHIIEM (COJIHEUHBIE TPEKEPHI), KIIOUEBBIM JIEMEHTOM
KOTOPBIX SIBIISIOTCA JaTYMKU TOJIOKEHHUs coiHla. B mociennue roasl ocoboe BHUMaHUE
ylaensieTcsl JaTuukaM Ha OCHOBE (POTOAMOAOB Ojaromaps UX MPOCTOTE, HAZECKHOCTH U HU3KOU
CTOUMOCTH.

@oToauoABl TMPEACTABISAIOT COOOW MONYIPOBOAHUKOBBIE MPUOOPHI, MpPeodpasyrollue
CBETOBYIO JHEPTHIO B JJIGKTPUYECCKHI CHTHaN 3a cueT (oToraibBaHmueckoro s¢dekra. Ux
YyBCTBHTEIHHOCTh K CBETYy B BHJIMMOM M OJIM)KHEM WH(QPAKPACHOM JHAla30HE JelacT HX
uaeaNbHBIMH [ 1] 7151 AETEKIIUU COTHEYHOTO n3ayueHus. [IpuHiun paboThl 1aTyuKka CIeKeHHS 3a
COJTHIIEM 0a3upyeTcsl Ha CPAaBHEHUW CUTHAJIOB OT HECKOJIBKUX (DOTOIMOIOB, PACTIOIOKEHHBIX TT0]]
pa3HbIMH yIJIaMU OTHOCUTEIFHO UCTOYHHKA CBeTa. Pa3HUIIa B MHTEHCUBHOCTH CBETA, Ma/IAI0IIET0
Ha KaXbIil OTOANO, TO3BOJISET ONPEACIUTH HAPaBICHUE COJIHIIA C BBICOKOH TOYHOCTHIO.

TunuyHas KOHCTPYKIMS BKJIIOYAET 4YeThipe (OTOAMOAA, PAa3MEMIEHHBIX HA TUIOCKOCTSIX
YeThIPEXTPAaHHOM MUPaMHIBI U pabOTAIOT B PEKUME KOPOTKOTO 3aMbIKaHus. VX GoTOTOKHM 3aTeM
npeo0pa3yroTcs B HAMPSHKEHUS, KOTOPBIE MCIIOIB3YIOTCS KOHTPOJIEPOM DJIEKTPONPUBOIOB IJIS
OTpeNIeTICHUs] HANpaBJICHUS M BEIUYMHBI TOBOPOTa (POTOANEKTpUUECKOro Momyis. Jlis
MOsICHEHUS (PYHKITMOHUPOBAHUS TATYUKA CICKEHUS CITYKUT PUCYHOK 1.

OnTudecKan-oCck-aAatdmKaYy]
HanpaeneHue-NoToKa- I/
CONMHEYHOro-1u3nydeHuay|

)DOBDEHHHH-I‘IOHVCd)EDEIﬂ

doTogmoa dhotogmnoan

Mupamuaa

OCHOBaHWe | — Nnata-npeobpasosareneil-
¢ OTOTOKOB-B-HanpaxeHunay

Pucynox 1. ,Zlamtmk CJlleXcenus 3a CoOJInuem.
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Ha nannom pucynke u3o0paxena napa (poToInu010B, peAHA3HAYCHHAs IS OIPeeIICHUS
OTKJIOHEHMS HaIPaBJIEHUS IIOTOKA COJIHEYHOI'O U3JIyUYEHUs OT ONTUYECKON OCH J1aTUMKa B OJHOM
MJIOCKOCTH (HaIpuMep, B TOPU3OHTAIBHOM). [I1st oripeiesiennst OTKJIIOHEHUS B IPYroM MIOCKOCTH
CIIY’)KMT BTOpas mapa (OTOJUOJIOB, PACIOJIOKEHHBIX HA ABYX JPYIHMX CTOPOHAX MHPAMUJBbI,
KOTOpBIE Pa3BEPHYThl BOKPYI ONTHYECKOW OCH JaTyuka Ha 90° OTHOCHUTENIBHO CTOPOH IEpPBOM
napel oronuonoB. Takum oOpa3oM, oaHa mapa (OTOIMOMOB CIYXKHUT JUIS IIOBOPOTa
(bOTORNIEKTPUYECKOTO MOJYJSl BIPABO-BJIEBO, a JApyras - JUisi IOBOPOTa MOJYJS BBEpX-BHU3.
VYka3aHHasi KOMIIOHOBKa 3JIEMEHTOB JaTyhKa 00ecreunBaeT yribl 0030pa B TOPU3OHTAIBHON U
BEPTUKAJIBHON IUIOCKOCTAX B jAuamna3zoHe Oosee yem +£90°, yTo 0COOEHHO Ba)XKHO B pPEXHUME
ABTOMATUYECKOT0 HABEJICHUS HA COJIHIIE.

dotoToku (HoToANO0N0B, IpeoOpa3oBaHHBIC B HANpPSHKEHUS Ha IUIaTe mpeodpa3zoBarenei,
BXOJISIIEH B COCTAaB JaTYMKA, B aHAJIOTOBOH (popMe OCTYNAIOT B KOHTPOJUIEP AJIEKTPOIIPUBOIOB
(cM. puc. 2). 3nech oHHM mnpeobpa3yroTcs B 1udpoByo GhopMy, a UX AalbHeimnas oOpaboTka
MPOU3BOIUTCS MPOTrPaMMO BCTPOEHHOT0 MUKpOKOHTpoiepa (MCU).

JlaTuMK cnemxeHun

DOTO3NEKTPHUYECKMIA
Moaynb

Y

MCTOUYHMK
NWUTaHKWA

KoHTponnep <
INEKTPONPUBOAOB

JnekTponpueog ocu 'Y JneKkTponpueod ocu X

Pucynok 2. Cocmae 06yxocesoii cucmemvl NO3UUUOHUPOBAHUA
domornekmpuueckux mooynei.

W3mepeHne ypoBHEW CUTHAJIOB C IaTYMKA CIICKEHUS MO3BOJISET OLEHUTH INIOTHOCTH TIOTOKA
COJIHEYHOT'O M3JIY4eHHs (OCBELIEHHOCTh), MAaJarollero Ha MOBEPXHOCTb (HOTOIIEKTPUUYECKOTO
MOJyJIsl. YUeT 3TOTO MmapaMeTpa Mo3BOJISIET, B 3SHAYUTEIIHLHON CTETICHH, YCTPAHUTH €0 BIUSHHE Ha
YIJIOBYI0 ~ TOYHOCTh  NO3MLMOHMpOBaHWs. Kpome TOro, mosiBisercss BO3MOXKHOCTb
ABTOMATHUYECKOTO TIEPEKIIOUEHHUS PEKUMOB pPabOThl CUCTEMBI. Tak, MpU HU3KOW OCBEIIEHHOCTH
cucTeMa NepexXoUT B PEKUM OXKUJIaHUS C HU3KUM COOCTBEHHBIM MOTPEOICHUEM, YTO OCOOEHHO
Ba)XHO IPU €€ MUTAHUU OT akKyMmyJsiTopa. [IoBbIIIIEHHE OCBEUIEHHOCTH MEPEBOAUT CUCTEMY B
PEeKUM HaBeJleHHsI (ITOMCK COJTHIIA) C MTOCIEAYIOIINM MIEPEX00M B PEXKUM cliexkeHus. Kpurepun
MEepPEX0JI0B M3 OJIHOTO peXMMa B Apyrou ompenenstorcs nporpammordr MCU u Moryt OBITh
WU3MEHEHBI TSI KOHKPETHOTO IPUMEHEHHST CUCTEMBI.

Kondurypauust cuctempl octaercss HeM3MEHHOW mpu paboTe ¢ (POTOIEKTPUUECKUMHU
MOJYJISIMM pa3sHOW MOIIHOCTH, Ta0apuToB U Macchl. V3MeHeHa noikHa OBITH TOJIBKO
MEXaHUYEeCKasi 4aCTh U €€ IEKTPOIIPHUBO/IBI.
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NATRIY-ION AKKUMULAYATORI UCHUN QATTIQ UGLEROD
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So’nggi paytlarda Na elementining keng tarqalganligi va uni olishning nisbatan osonligi
natriy-ion akkumulayatorlarini (NIA) ishlab chiqarishga bo’lgan talabni keskin oshirmoqda.
Shunga garamay, Na* ni samarali saglash uchun mugobil anod materialini ishlab chigish hanuz
dolzarb masala bo‘lib turibdi [1]. Ushbu muammoni hal gilishda anod materiallari sifatida
olinayotgan gattiq uglerod (QU) strukturasini tanlab shakillantirish, xususan undagi g‘ovaklar va
grafitik gatlamlarni selektiv boshgarish muhim ahamiyat kasb etmoqda.

Ushbu ishda QU ni atomar darajadagi strukturasini shakillantirish va o‘rganish uchun
molekulyar dinamika (MD) usulidan foydalanib, jarayonlarni modellashtirish LAMMPS dasturiy
paketi yordamida amalga oshirildi. Strukturadagi C-C atomlari orasidagi bog‘lanishlarni to’g’ri
tasvirlash uchun ReaxFF potensialida Srinivasan tomonidan taklif etilgan parametrlar to‘plami
qo‘lanildi [2].

t=180ps

1-rasm. QU dagi g’ovak (sariq va yashil) va grafit gatlamlarining (pushti)
shakllanishi.
MD modellashtirishlarda shakllangan QU strukturasida 32000 dan ortig C atomlari mavjud
bo’lib, modelning zichligi 1.5 g/sm® ekanligi aniglandi. Bu giymat adabiyotlarda keltirilgan
eksperimental gattiq uglerodni zichligiga mos keladi [3]. Dastlab ma’lum bir haroratga ko’tarilgan
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QU strukturasida sovutilish natijasida (sovutish tezligi 400 K/ps) g’ovak va grafitik qatlamlar hosil
bo’la boshlaydi (1-rasm). Sovutish jarayonining tezligi QU dagi g‘ovaklar o‘lchami, grafitik
gatlamlar va nugsonlarni boshgarishda muhim rol o‘ynashi aniqlandi. Natijalar shunga dalolat
giladiki, Na* ionlarini QU strukturada samarali saqlash uchun muhim bo’lgan g‘ovaklar va
qatlamlar hosil bo’lishini harorat tezligini o’zgartirish orqali boshgarish mumkin. Ushbu tadgiqot
soha vakillariga NIA uchun QU ga asoslangan anod materialini selektiv olish imkoniyatlari
bo’yicha tavsiyalar beradi.
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AKKUMULYATOR STANSIYALARINI QO‘LLASH ORQALI FARG‘ONA
VODIYSINI ELEKTR ENERGIYA ISTE°MOLINI MUVOZANATLASH

J.F. O‘lmasov
Farg'ona davlat texnika universiteti,
O'zbekiston, 150107, Farg'ona shahar, Farg'ona ko'chasi 86
“olmasovj97 @gmail.com

Quyosh energiyasidan samarali foydalanish zamonaviy energetika tizimlarida katta
ahamiyat kasb etadi. Xususan, bugungi kunda Farg‘ona viloyatida baland binolar soni ortib
bormoqda. Viloyatning issiqlik va elektr energiyasiga bo‘lgan ehtiyojini qondirish magsadida
ko‘plab amaliy loyihalar amalga oshirilmoqda. Shuningdek, eksperimental tarzda nazariy
konsepsiyalar amaliyotda sinovdan o‘tkazilmoqda.

O‘zbekistonda aholi soni va elektr energiyasi iste’moli tez sur’atlar bilan o‘smoqda. Ayni
paytda, mavjud elektr energiyasi ishlab chigarish manbalari asosan issiglik elektr stansiyalariga
bog‘liq bo‘lib, qayta tiklanuvchi energiya manbalarining ulushi past darajada qolmoqda. Bunday
sharoitda elektr energiyasi ta’minotining barqarorligini ta’minlash va samaradorligini oshirish
magsadida akkumulyator stansiyalarini (Battery Energy Storage Systems — BESS) joriy qilish
muhim ahamiyat kasb etadi.

O‘zbekiston Respublikasining 2035 yilgacha bo‘lgan energetika rivojlanish strategiyasi
Prezidentimiz Shavkat Mirziyoyev energetika sohasi bo‘yicha yangi rejalariga asosan 2030-yilga
borib O‘zbekistonda qayta tiklanuvchi energiya manbalarining jami iste’moldagi ulushi 54 foizga
yetkazilishini kutilmoqda.

224



IV IIYbBA. MYKOBWJI SHEPTUSI MAHBAJIAPU

[Aho‘ sonining ko'payishi ;}ZJ\ ( \ ,—[% Sanoat rivojanish]

r l N ~
1 rasm. Energiya iste’moli o‘sishining omillari va ta’sirlari

2030 — yilgacha umumiy giymati 3,5 mird. Dollar va quvvati 3 GW dan ortiq bo‘lgan 24 ta
yirik energiya saqlash stansiyalari quriladi. Hozirgi kunda Farg‘ona , Andijon va Namangan
viloyatlarida energiya saglash stansiyalari ishga tushurilmogda. 2025 — yilda 1,8 GW li energiya
saglash stansiyalari ishga tushirilishi kutilmoqda.

2015-yilda O‘zbekistonda 55,5 milliard kVt-soat elektr energiya ishlab chigarilgan bo‘lib,
har bir aholi jon boshiga 1742 kVt-soat to‘g‘ri kelgan. 2016-yilda ushbu ko‘rsatkich 59,0 milliard
kVt-soatga yetib, jon boshiga 1844 kVt-soatni tashkil gilgan. 2017-yilda esa ishlab chigarish 60,7
milliard kVt-soatga ko‘tarilib, aholi jon boshiga 1888 kVt-soat elektr energiya to‘g‘ri kelgan.
2018-yilda mamlakat bo‘yicha umumiy ishlab chigarish 62,8 milliard kVt-soatga yetgan va jon
boshiga 1944 kVt-soatni tashkil gilgan. 2019-yilda esa ishlab chiqgarilgan energiya hajmi 63,6
milliard kVt-soatni, aholi jon boshiga 1960 kVt-soatni tashkil gilgan.

2020-yilda umumiy ishlab chigarish hajmi 66,4 milliard kVt-soatga oshib, har bir aholi jon
boshiga 2037 kVt-soat elektr energiya ajratilgan. 2021-yilda esa bu ragam mos ravishda 71,3
milliard kVt-soat va 2177 kVt-soatni tashkil etgan. 2022-yilda ishlab chigarilgan energiya hajmi
74,3 milliard kVt-soatga yetib, aholi jon boshiga 2258 kVt-soat to‘g‘ri kelgan. 2023-yilda esa bu
ko‘rsatkich 78,0 milliard kVt-soatni tashkil etib, har bir fugaro uchun 2364 kVt-soat elektr
energiya yetkazib berilgan. 2024-yilda ishlab chigarilgan energiya hajmi 81,29 milliard kVt-soatga
oshgan va jon boshiga 2452 kVt-soat to‘g‘ri kelgan. 2025-yilda esa ushbu ko‘rsatkich 84,4 milliard
kVt-soatgacha yetishi kutilmoqda, bu esa har bir fugaro uchun 2538 kVt-soatni tashkil giladi.

2015-yildan 2025-yilgacha jon boshiga elektr energiya ta’minoti 1742 kVt-soat dan 2538
kVt-soat gacha oshgan. Yiliga o‘rtacha 60-120 kVt-soat ortib bormoqda.

2025-yilda har bir aholi jon boshiga 2538 kVt-soat elektr energiya to‘g‘ri kelishi kutilmoqda.
Bu tahlillar O°zbekistonda elektr energiya ishlab chiqarishning barqaror rivojlanayotganini va
aholi jon boshiga ta’minotning doimiy oshib borayotganini ko‘rsatadi. Shu bilan birga, energiya
tizimining barqarorligini ta’minlash va yuqori yuklama paytida uzluksizlikni saqlash uchun
akkumulyator stansiyalarini joriy etish muhim ahamiyat kasb etadi. Kelajakda ushbu
texnologiyaning keng qo‘llanilishi va qayta tiklanuvchi energiya manbalarining ulushi ortishi
kutilmoqda.
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2 rasm. Grafikda 10 yil davomida ishlab chigarilgan elektr energiyasining
aholi jon boshiga iste’moli

BESS joriy etish orgali elektr tarmog‘iga ta’siridagi afzalikllari:

1.  Energetik mustagillikni oshirish — Akkumulyator stansiyalari gayta tiklanuvchi energiya
manbalaridan ishlab chiqgarilgan elektr energiyasini saglash va zarur paytda tarmoqga
yetkazib berish imkonini beradi. Bu esa energetik mustaqillikni ta’minlash bilan birga,
import gilingan yoqilg‘iga bo‘lgan qaramlikni kamaytiradi.

2.  Tizim barqarorligini ta’minlash — Akkumulyator stansiyalari elektr energiyasi ishlab
chigarish va iste’mol qilish o‘rtasidagi tafovutni muvozanatlashtirib, tarmoqdagi kuchlanish
va quvvat yo‘qotishlarni kamaytiradi. Natijada elektr ta’minoti yanada ishonchli bo‘lib,
uzilishlarning oldi olinadi.

3. Energiya samaradorligini oshirish — Ortigcha ishlab chiqgarilgan elektr energiyasini
saqlash va uni talab yuqori bo‘lgan davrda ishlatish orgali energiya tizimining samaradorligi
oshiriladi. Bu esa elektr tarmoglarining yuklanishini kamaytirib, tizimning ishlash muddatini
uzaytiradi.

Markaziy osiyoda yagona bo‘lgan Farg‘ona viloyatining O°zbekiston tumanidagi
o‘zlashtirilmagan qir adirlikda elektr energiyasini saglash tizimi qurib bitkazildi. Xitoylik
sarmoyadorlar tomonidan loyihaga 144 million AQSH dollari migdorida investitsiya kiritildi,
buning uchun O‘zbekiston Respublikasi Prezidenti barcha shart-sharoitlarni yaratib berdi. Mazkur
loyiha xalq farovonligiga, xalqimizning roziligiga erishish yo‘lidagi xayrli ishlarga xizmat qiladi

BESS loyihasida 12 gektar maydonga 193 ta har biri (28 tonna) 2 MVt dan iborat elektr
energiyasini to‘playdigan batareyalar, 193 ta Invertor — 0°zgarmas tokni o‘zgaruvchan 220 V ga
moslovchi qurilma, 24 ta har biri ( 33 tonna) 35 KV li transformator va 2 ta har biri 193 tonnali
asosiy transformatorlar o‘rnatildi.

Elektr manbaini targatish stansiyasidan BESS hududigacha 11 km. masofada yugori
kuchlanishli elektr uzatish liniyasini 39 ta temir tayanchlar o‘rnatib tortib kelindi. BESS
hududidagi qurilmalarga tabiat hodisalari zarar bermasligi uchun loyihada ko‘rsatilgandek
chagmoq urishiga qarshi har biri yerdan 32 metrli balandlikda bo‘lgan 8 ta yashin qaytargichlar
o‘rnatildi. 200 dona 3 metrli po‘lat yerlatgich elektrodlari orqali yer ostiga o‘rnatildi.
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3 rasm “BESS” ning infratuzilma ko‘rinishi

Foydalanilgan adabiyotlar:

1. Allayev K.R. O‘zbekiston Respublikasida muqobil energiya manbalari samaradorligi
potensiali. Energiya va resurs tejash muammolari // Ne 4, 2015. Toshkent.

2. Smart optimization in battery energy storage systems: An overview Hui Song a,*, Chen
Liu a, Ali Moradi Amani a, Mingchen Gu a, Mahdi Jalili a, Lasantha Meegahapola a, Xinghuo
Yu a, George Dickeson

3. Grid-connected battery energy storage system: a review on application and integration
Chunyang Zhao *, Peter Bach Andersen, Chresten Traeholt, Seyedmostata Hashemi

CUMYJISIIUAA PABOTBI ®OTORJEKTPHUECKON YCTAHOBKHA
UHTET'PUPOBAHHOM HA ®ACAJL 3JIAHUSA

3.1.KypaeBa’, U.A.FOnnomes, U.P.XKypaes
Tawkenmckuil 2ocyoapcmeenuviti mexHuveckutl ynusepcumem um. M. Kapumoasa,
Vsoexucman, 100095, 2. Tawkenm,. yn. Yuueepcumemckas, 2
“nauka-jir@mail.ru

[Tocranosnenuem Ilpesnnenrta pecnyonuku Y3oekucran I1I1-100 ot 11 mapra 2025 roga
“O Mepax Mo KapAWHATbHOMY pedopMUpoBaHHIO chepbl 00ecledeHHs] TEIIOBOW SHeprueit
KHUJIBIX JOMOB, 3/JaHUH U COOPY)KEHUH, a Tak)Ke MOBBIIIEHUIO HEProdhdeKTuBHOCTH 3MaHMHA”
HaMEUYEeHbI 33Ja4u M0 Pa3MELIEHUIO B JOMaX YCTaHOBOK BO30OHOBIISIEMBIX HCTOYHUKOB SHEPTHUH,
COJIHEYHBIC TTaHeleH, TeTMOKOUIEKTOPOB M JAPYTHX BHIOB YHEProdhGEeKTUBHBIX TexHoIorui [1].
C 1 wrons 2025 roma B ['ox oxpaHBl OKpYXKaroOIIeH cpeapl W “3€JIeHON SKOHOMHUKH B
HOBOCTPOMKAX U PEKOHCTPYHUPYEMBIX JOMax TaKKe HaMeueH 0053aTelbHBINA MOPAIOK YCTAHOBKU
COJIHEYBIX MaHeJed | BojoHarpeBatesiell [2]. B pamkax BBIMOJHEHUS HAMEYEHHBIX 3a/ad IO
nepexoay K pecypcocOeperaroieii Moieia YJKOHOMUKH CTAHOBUTCS aKTyaJIbHBIM HCIIOJIb30BAaHHE
COJIHEYHBIX MaHeJIel 1 MOJIYJIeH MePCIeKTUBHBIX TeXHONIOTHH [3].
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[IpousBoautensHOCTs U 3((HEKTUBHOCTH PabOThI  COTHEUYHBIX  (POTOIIEKTPUUECKUX
MOJyJIel 3aBHCUT OT YCJIOBHH OKpYKAIOIIEW Cpelbl, OT JBM)KEHHUS COJHIA, Teorpaduyeckoit
HMIUPOTHl MECTHOCTH, YIJla HAKJIOHA M OPUEHTAIUN MOJYJIEH, OT KOHCTPYKTHUBHBIX ITapaMeTpoB,
TEXHOJIOTUH U3TOTOBJICHUS MOIYJIEH U OT psaa Ipyrux (hakTopos..

Hns npoexktupoBanus (orosnektpudeckux craHmuid (POC) m  POTOIIEKTPHIESCKUX
YCTaHOBOK Ba)KHO MPOBOJAUTH MPEABAPUTEIHHOE TPOTHO3UPOBAHUE IHEPIETUUECKUX MTOKa3aTesen
Ha OJTane MpoeKkTupoBaHus. JlaHHble 3amaum ynpomiaroTcss Onarogapss pa3paOOTaHHBIM
HCCJIEIOBATESIMU Pa3HbIX CTpaH MPOrpaMMHBIM oOecriedeHusiM. B Hacrosiiiee BpeMs IMIMPOKO
MOJIB3YIOTCS CIEAYIOIINE CEMb MOMYIAPHBIX MPOrPaMMHBIX MakeToB, Takux kak HOMER PRO,
PV F-Chart, SAM NREL (CIIIA), PVSyst (Illsetinapus), pvPlanner (CnoBakus), Solar
Pro(Slmonust), RETscreen (Kanama) [4]. Cumyssiiust paboThl (HOTOIIEKTPUUSCKUX YCTaHOBOK
(®DY) mo3BOJSIET MOJYYUTh MPOTHO3HBIC JaHHBIC JHEPIETHUYCCKUX MApaMeTpOB Ha dTare
MPOEKTUPOBAHUS yCTaHOBOK. B mporpammuom makere PV Syst.V7.4.8 nns reorpaduueckux
ycnoBuit r.TamkeHTa mpoBeAéM CHUMYISIMIO pacdyeTa JHepreTudyeckux mapametpoB OOV ¢
YCTaHOBJIEHHOW MOIIHOCTHIO 1 KBT, coennHeHHOI B JIOKalIbHYIO SJEKTPHUYECKYIO0 ceTb. [lpu
MPOEKTUPOBAHUHU U pacueTe napamerpoB @OV ig pa3HbIX reorpaduueckux yCIOBUH MECTHOCTH,
ynoOHee HCHoab30BaTh KiauMatuueckue Oaspl ganHeix METEONORM, NASA, Surface
meteorology and Solar Energy, SARAH u psin npyrux [5]. TTo meTeomanusiM caiita Meteonorm
8.1 ceBepHas muUpoTa JaHHOM MecTHOCTH cocTaBisieT 41,26°N, Boctounas nonrora 69,22°E,
BBICOTA HaJ ypoBHeM Mops 426 M, ansbeno - 0,20. /g unterpanuu moxyneir @OV Ha dacan
3/IaHUSl PACCMOTPUM BapHUaHT BEPTHKAIBHOI'O MOHTaXa moA yriioM 90° Kk TOpU30HTY B 0XKHOU
opuentanuu. Pacyersl mpousBoaunuck i POV Ha OCHOBE TOHKOIUIGHOYHBIX MOJYyIEH
TeJUTypUJa KaJMusi B KOJMYECTBE JIECSATH €AMHHUL, COEIMHEHHBIX MOCJIEJOBaTENIbHO, OOIIeH
momHocThto 1 kBT. IlpoBemen pacuer ko3¢¢uiMeHTa MNPOU3BOAUTEIBHOCTH M APYIHX
napameTpoB @OV B 3aBUCUMOCTH OT (PaKTOpPOB OKpykawmie cpeasl. Ha puc.l mpuenena
nuHamuka —usMeHeHust PR-xoadduumenta mnpousBoaurensHocth  POY  Ha  OCHOBE
TOHKOIUIEHOYHBIX MOJYJIEH TeUTypHIa KaJIMUsl IPY padoOTe B TEUECHHUE IO/,

Performance Ratle PR

iz T T T T T T
Bl o Pascomas Raka (71 v 0B -

Hgua I'H

AW e RgE Ape By AN b A  Sap OO M [ed

Puc.1.lunamMuka usMeHeHus1 KO3(pPUIHEHTA NPONU3BOAUTETbHOCTH
Pesynberate cumynsnuu padorel @OV npusenem B Tabiuie 1, naHHBIE O TeMIlEpaType

OKpY’Karollel cpe/ibl, COTHEUHOM pagualii 1 COOTBETCTBEHHO BbIpaOOTaHHasl SHEPTUsl MacCHBa
MoJlyJiell yCTaHOBKH IO MecslaM Troja.
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Tabnuya 1

OcHoeHble pe3ynbmamal IHepZeMuiecKux napamempos CAMYJasiunu paoomot I3y
Months | GlobHor | DiffHor | T_Amb | Globinc | GlobEff | EArray | E_Grid PR
kWh/m? | kWh/m? °C kWh/m? | kWh/m? | kWh KWh ratio

January 50,4 30,3 2,52 76,1 74,7 72,4 69,5 0,913

February 67,5 36,05 4,28 84 81,9 78,7 75,62 0,9
March 108,3 58,34 11,23 94,6 89,6 84,8 81,21 0,859
April 135,9 71,51 16,51 88,5 81,6 76,1 72,33 0,817

May 184,7 91,03 23,03 88,6 78,9 72,5 68,41 0,772
June 207,8 82,55 27,69 83,4 72,6 65,5 61,42 0,737
July 222,4 72,25 30,09 93,9 81,5 73 68,86 0,733
August 193,7 71,35 28,31 1114 100,3 90,5 86,38 0,775
September | 146,1 52,45 22,06 121,3 113,3 103,8 99,91 0,824
October 94,4 51,58 15,08 101,8 98,3 91,9 88,38 0,868
November 57,4 29,61 8,16 86,9 85,2 81,1 78 0,898
December 43 24,34 3,11 70,8 69,7 67,1 64,2 0,907
Year 15115 | 671,35 | 16,07 | 1101,3 | 1027,6 | 957,4 | 914,22 0,83

PacuerHble naHHBIE MOKA3bIBAIOT, YTO NPU BEPTUKAJIBLHOM PACIONIOXKEHUM MOAYJIEH IOJ
yriaoM HakjioHa 90° 3a cueT HU3KOro yrjia HakJIOHa COJHIIA K TOPU30HTY B 3UMHHUI MepuoJ
KO3(QUIMEHT NMPOU3BOAUTEIBHOCTH MO MCHOJIb30BAHUIO COJHEUHOW pajualy BbIIIE, YeM B
JIpYTHE CEe30HBI roja.

B pacderax yuuThBIBaIMCh NOTEPU B MOIYJIAX, COCAUHEHMSIX, NHBEPTOPE, OMUYECKHE U
JPYTUe CHCTEMHbIC AIIEKTPHIECKHe oTepu (puc.2).

Loss diagram for "New simulation variant 90" - year

1512 kWh/m?

Global horizontal irradiation
-27.1% Global incident in coll. plane
IAM factor on global
1P28 kWh/m? * 7 m? coll. Effective irradiation on collectors
efficiency at STC = 13.88% PV conversion
1027 kWh Array nominal energy (at STC effic.)
-1.7% PV loss due to irradiance level
-3.1% PV loss due to temperature
+0.6% Module quality loss
-2.0% Mismatch loss, modules and strings
-0.7% Ohmic wiring loss
957 kWh Array virtual energy at MPP
-4.5% Inverter Loss during operation (efficiency
N 0.0% Inverter Loss over nominal inv. power
N 0.0% Inverter Loss due to max. input current
N 0.0% Inverter Loss over nominal inv. voltage
N 0.0% Inverter Loss due to power threshold
N 0.0% Inverter Loss due to voltage threshold
914 kWh Available Energy at Inverter Output
914 kWh Energy injected into grid

—

Puc.2. lInarpamma noreps B cucreme @Y
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AHanu3 moTeph Mo AUarpaMMe MOKa3bIBaeT, 9TO HAaN0OJIee 3HAYUMBIMH TTOTEPSIMU SIBIISICTCS
MOTEPU C MHCOJSLUEH COJIHEYHOM paJualiiu, BIUSHUS TEMIIEpaTypbl, IOTEpU B MHBEPTOpE, a
TaK)X€ B DJIEKTPUUYECKUX COCTUHEHUSIX U MOJYJISX.

Takum 00pa3om, IporpaMMHBIN MAKET ABISETCS YIOOHBIM HHCTPYMEHTOM JJISl CUMYJISIIUN
pacuera HHEPreTHYECKUX IapamMeTpoB (HOTOIIEKTPUUECKUX MOJIYyJIeH U YCTAaHOBOK IHpHU
9KCILTyaTalluu B Pa3HbIX PETHOHAX PECIYOIIUKH.

Jlureparypsnl

3. Tlocranosnenuem IIpesunenta pecnyonuku Y36ekucran [111-100 ot 11 mapta 2025 rona “O
Mepax MO KapIUHAIBHOMY pehOpPMHUPOBAHHUIO CEepbl OOECIeUeHUs TEIUIOBON JHepruen
KHUJIBIX JIOMOB, 3JaHUN M COOPY)KEHHH, a TaKKe MOBBIILECHUIO 3HEProd(h(HeKTuBHOCTH
3JaHMi”.

4. https://www.gazeta.uz/ru/2025/03/15/heat-supply-reform/

https://www.gazeta.uz/ru/2025/01/28/energy.

6. https://www.dsneg.com/info/7-most-popular-solar-pv-system-design-and-simulation

software.
7. Abae H.H., Heican6aesa A.C., Aouesa JI.K. Knmumatuyeckue 0a3bl JaHHBIX KaK HCTOUHHKHU

o

aKTHHOMeTpH‘IeCKOﬁ I/IH(bOpMaIII/II/I AJI1 U3YUYCHUA U HUCIIOJb30BaHUA COJIHCYHBIX PECYpPCOB
Kazaxcrana // Bectuuk. Journal of Geography and Environmental Management. Ne4 (47)
2017.

QUYOSH ENERGIYASI BILAN ISHLAYDIGAN YORITISH TIZIMLARINI
LOYIHALASH
M.Z. Axmadjonov
Fargona davlat texnika universiteti,
Uzbekiston, 150107, Farg'ona Shahar, Farg'ona Ko'chasi 86-Uy.,
“axmadjonovodilbek21@gmail.com

Ushbu maqgolada quyosh energiyasidan samarali foydalanish orgali yoritish tizimlarini
yaratish, ulardan to'g'ri foydalanish va loyihalash ishlari — bu energiya samaradorligini oshirish
va ekologik toza energiya manbalaridan foydalanish magsadida amalga oshiriladigan muhim
jarayon. Ushbu jarayon quyosh energiyasini elektr energiyasiga aylantiruvchi quyosh panellari
(fotovoltaik tizimlar) o‘rnatishni, ularga kerakli infratuzilmani loyihalashni va o‘rnatishni o‘z
ichiga oladi.

Hozirgi vaqtda shahar, gishlog va boshga markazlarda turli quyosh energiyasi bilan
ishlaydigan yoritish tizimlarini o’rnatish davr talabiga aylanib bormoqda. Ammo respublikamiz
hududida bunday quyosh energiyasi bilan ishlaydigan yoritish tizimini ishlab chigaruvchi korxona
mavjud emas. Shu nuqtayi nazardan katta o’lchamli quyosh energiyasi bilan ishlaydigan yoritish
tizimi qurilmasini loyihalash va ishlab chiqarish import o’rnini bosuvchi dolzarb masaladir. Bu
yerda loyihalanadigan qurilmaning funksional imkoniyatlari loyihani bajarish uchun berilgan
topshiriqga asosan aniglanadi.

Berilgan topshirigga asosan — qurilma quyidagi funksional imkoniyatlarga ega bo’lishi
kerak:
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- Quyosh energiyasi bilan ishlaydigan yoritish tizimi uchun quyosh paneli;
- Quyosh energiyasi bilan ishlaydigan yoritish tizimining quvvati yetarli darajada katta
bo’lishi kerak;

Ushbu Quyosh energiyasi bilan ishlaydigan yoritish tizimi akkumulyator, invertor,
ta’minlash manbasi va enegiya — tejamkor lampalardan loyihalanishi lozim;

Avtonom energiya manbasida ishlash imkoniyati bo’lishi kerak;

Quyosh energiyasi bilan ishlaydigan yoritish tiziminni loyihalash uchun texnik shartlar.

Loyihalanadigan qurilmaning texnik parametrlari ixtiyoriy ravishda belgilanadi.
Loyihalash lozim bo’lgan qurilma quyidagi texnik parametrlarga ega bo’lsin:

- Quyosh kollektori 12 V kuchlanish berish imkoniyati bo’lsin;

- Qurilma akkumulyatori 12 V kuchlanish va 75 A/s energiya quvvatli bo’lsin;

- Ushbu quyosh energiyasi bilan ishlaydigan yoritish tizimi zamonaviy elementlar bazasida
loyihalanishi lozim.

Qo’yilgan masalaning yechimi uchun zarur bo’lgan dasturiy vositalar tahlili. Bugungi
kunda juda ko’plab avtomatlashtirilgan loyihalash tizimlari uchun dasturiy vositalar amalda
go’llanilmogda. MAPLAB, MatCAD, MultiSim, OrCAD, PCAD va AutoCAD, WorcBench
(amaliy dasturlarning xalgaro nomlanishi) kabilar. Bu dasturlar elektron qurilmalarni loyihalash
bosqichlarining bir qisminigina, ya’ni, qurilmaning tarkibiy sxemasini tayyorlash yoki geometrik
modellash gisminigina 0’z ichiga oladilar. PROTEUS VSM dasturiy majmuasi esa, yuqorida
eslatib o’tilgan barcha dasturlar vazifasini hamda ularga qo’shimcha mikroprotsessor va
mikrokontrollerlarni dasturlash texnologiyasini ham o’z ichiga oladi.

Qurilmaning blok sxemasini loyihalash. 1-chizmada loyihalanayotgan qurilmaning blok
sxemasi keltirilgan.

%‘g:;sl? » Akkumulyator > Invertor
. [
Svetodiodli Stabillash-
yoritish tizimi tiruvchi blok

1-chizma. Quyosh energiyasi bilan ishlaydigan yoritish tizimining blok sxemasi

2-chizma. Invertor blogi. 1 — Kirish gismi, T1, T3, T4, T5 — n-p-n o’tishli
tranzistorlar, T2, T6 — p-n-p o’tishli tranzistorlar, R1 — garshilik
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Stabillashtiruvchi blok. Yuqoridagi talablarga asosan, loyihalanayotgan quyosh energiyasi
bilan ishlaydigan yoritish tizimi qurilmasi ta’minoti uchun 12 V kuchlanish berish lozim. Ta’minot
manbayi quvvatini qurilmaning tarkibiy sxemasi loyihalangach aniqlash mumkin.

Doimiy 12 V kuchlanish beruvchi ushbu ta’minot manbayi akkumulyatorni zaryadlovchi
qurilma orqali ta’minlanadi. Bu qurilma uchun 1 ta kuchlanish stablizatori: 7812
mikrosxemalaridan foydalaniladi. Bu mikrosxemalar mos ravishda 12 V doimiy kuchlanish va
maksimal 1 A tok berishga mo’ljallangan. Harorat rejimini saqlash uchun ularni radiatorga qotirish
ko’zda tutilgan. 3-chizmada bu mikrosxemalarning sxematik belgilanishi ISIS dasturi ishchi
oynasida keltirilgan.

— VI VO

GND

o
3-chizma. Kuchlanish stablizatori 7812 — mikrosxemasi belgilanishi

Quyosh panellarini o‘rnatish va loyihalash ishlari ekologik toza energiya manbalaridan
foydalanish orqali energiya samaradorligini oshirishga garatilgan muhim jarayonlardir. Umuman
olganda, quyosh panellarini o‘rnatish va loyihalash ishlari nafagat energiya mustaqilligini
ta'minlash, balki bargaror rivojlanishni qo‘llab-quvvatlashda ham muhim rol o‘ynaydi. Bu
jarayonlar orqgali kelajak avlodlar uchun toza va bargaror energiya manbalarini yaratish imkoniyati
yaratiladi.

Foydalanilgan adabiyotlar.

1. Jeger-Waldau, A. PV Status Report 2012 / A. Jeger-Waldau // Lux-embourg: Publications
Office of the European Union. 2012. 45 p.

2. Physical-technical institute, Academy of Sciences of Uzbekistan, J. Akhatov, K. Akhmadov,
N. Juraboyev, and Physical-technical institute, Academy of Sciences of Uzbekistan, “Thermal
performance enhancement in the receiver part of solar parabolic trough collectors,” UNEC J.
Eng. Appl. Sci., vol. 3, no. 2, pp. 5-13, Dec. 2023, doi: 10.61640/ujeas.2023.1201.

3. OO030p UHTEIEKTyaIbHBIX JAaTYMKOB HCIOIB3YeMble B CHCTEMaX allbTePHATUBHOMN
sHepreTuku A6aypanmoB A. A. AxmamxoHoB M.3. "OkoHomuka u cortmyM" Ne5(108) 2023,
531-534

4, HOTepI/I MOIIIHOCTH B Ka0eIbHBIX JIMHUAX, TUTAOIINX HeJIMHEHHEIE HarpyskKku. AXM&)I)KOHOB
M.3. AnmxonoB Y. X. "Okonomuka u coruym” 121 (6), 897-900
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VODOROD GAZI OLISHDA QUYOSH PANELLARINING O‘RNI

U.M. Nosirov
O zbekiston Respublikasi Fanlar Akademiyasi Materialshunoslik instituti,
O ‘zbekiston, 102226, Toshkent viloyati, Parkent tumani, Quyosh qo rg’oni
m.nosirov@imssolar.uz

Hozirgi paytlarda gayta tiklanuvchi energiya ya‘ni mugqobil energiya sifatida quyosh,shamol
va vodorod energiyasiga qizigish ortib bormogda. Quyosh yoki shamol energiyasidan olingan
otiqcha energiyani vodorod gazi olishga sarflashimiz mumkin.Vodorod gazini olish usullari
ko‘p,bu oldin gimmatroq edi.Hozir texnologiya rivojlanishi uning narxini tushishiga sabab
bo‘ldi.Vodorod kelajak yoqilg‘isi deb aytilmoqda,chunki u yonganda atmosferaga zarali gazlar
chigmaydi, mutlago ekologik toza. Suvning parchalanishi vodorod va kislorodni alohida olish
imkonini beradi.Energiyaning saqlanish qonuni shuni ko‘rsatadiki, suvning parchalanishiga
sarflangan energiya uni yoqish paytida olingan energiyadan kattaroq bo‘ladi. Biroq, elektroliz
qurilmalari shahar sharoitida, aynigsa, quyosh panellaridan olingan gayta tiklanadigan mugobil
energiyaning ortiqgcha bo‘lsa, oqlanadi. [1]. Fotovoltaik to‘g‘ridan-to‘g‘ri quyosh nuridan
energiyani fotovoltaik effekt asosida to‘g‘ridan-to‘g‘ri oqimga aylantirish orqali ishlaydi, bunda
Fotovoltaik o‘tkazgich moddasi quyosh nuri ta‘sirida elektr tokini hosil qgiladi. Fotovoltaik
tomonidan ishlab chigarilgan elektr energiyasi elektroliz jarayoni uchun harakatlantiruvchi
energiya sifatida ishlatiladi. Quyosh energiyasini ishlab chigish va ishlatish fotovoltaik markaziy
rol o‘ynaydigan fotovoltaik ishlab chigarish texnologiyasiga asoslangan muhim dastur sohasini
0°‘z ichiga oladi [2].

Ma‘lumki, hozirgi vaqtda vodorodning taxminan 50% tabiiy gazni piroliz qilish orqali ishlab
chiqariladi, bu jarayon sezilarli darajada issigxona gazlari chigindilariga olib keladi. Vodorodning
30% ga yaqini neft va neftni gayta ishlash zavodlari,kimyo chigindilaridan ishlab chiqariladi.
Qolgan gismi ko‘mirdan, suv elektrolizlash va boshga manbalardan olinadi. Shuning uchun
vodorod ishlab chiqarishning ekologik toza usullari bo‘yicha ishlanmalar dolzarbdir. Qayta
tiklanadigan energiya manbalaridan vodorod ishlab chigarish ekologik toza usuldir va shuning
uchun hosil bo‘lgan mahsulot “yashil” vodorod deb ataladi. “Yashil” vodorod hali qazib
olinadigan yoqilg‘idan ishlab chiqarilgan vodorod bilan narx raqobatiga dosh berolmaydi. Endi 1
kg vodorod-5 dollardan atrofida turadi. Ba‘zi tahlillarga ko‘ra, yashil vodorod narxi 2026 yilga
kelib 1 kg uchun 2 dollardan atrofida bo‘lishi kutilmoqda [3]. Biz izlanishlarimizda yashil
vodorodning olish, saglash va uni ishlatish tarjibalarini o‘rgandik. Iglim nugtai nazaridan
O‘zbekistonda 260-270 kun quyoshli kun hisoblanadi. Shunday qilib, quyosh energiyasidan
olingan ortiqcha elektr energiyasidan vodorod ishlab chigarish uchun foydalanish imkoniyatiga
ega bo‘lamiz. Bizda Materialshunoslik institutida 10 kVt quvvatga ega quyosh batareyasi
o‘rnatilgan. Stansiyada hosil bo‘ladigan oqimdan yashil vodorod olish bo‘yicha tajribalar
o‘tkazdik. Sinovlar natijasida quyidagilar aniqlandi [4]:

- 10 kVt/soat quvvatga ega elektrolizatorning ishlab chigarish samaradorligi 60% ni tashkil
etdi;

- Bir soat ichida 100 litr vodorod va 200 litr kislorod olindi.

Ma’lumot uchun aytish mumkinki 1kg vodorod yongandal20MJ/kg,1kg tabiiy (metan) gazi
yonganda 55MJ/kg, 1kg ko‘mir yonganda 24MlJ/kg, 1kg benzin yonganda 44MlJ/kg issiqlik
ajaralib chiqadi.Ko‘rinib turibdiki boshqa yoqilg‘ilarga garaganda vodorodda 3 barobar ko‘proq

233


mailto:m.nosirov@imssolar.uz

IV IIYbBA. MYKOBWJI SHEPTUSI MAHBAJIAPU

issiqlik ajralib chigadi.Shuning uchun ham vodorod energiyasini amaliyotga qo‘llash ishlari olib
borilmoqda.
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SHAMOL GENERATORLARI VA ULARNING KONSTRUKSIYALARI

M.A. O‘lmasova
Farg ‘ona davlat texnika universiteti,
O ’zbekiston, 150107, Farg ‘ona shahar, Farg 'ona ko ’chasi 86
mubinaxonortigaliyeva0@gmail.com

Yangi asrning ikkinchi o‘n yilligida ekologik sof energiya texnologiyalari uylarimizni,
korxonalarimizni va transport vositalarining energiya ta’minotini o‘zgartirmoqda. Kelgusi o‘n,
yigirma yilliklarda bundan ham tubdan o‘zgarishlar bo‘lishi mumkin, chunki ekologik sof
energetikadan foydalanish sur’ati va dunyo bozori tezlashmoqda.

Ekologik toza bo‘lgan qayta tiklanadigan energiya manbalari atrof-muhitga ziyon
yetkazmaydi. Aytish kerakki, bu manbalar odatda yetarlicha katta bo‘lgan aholi manzillari va yirik
sanoat korxonalarini to‘la ta’minlash imkoniyatiga ega emas. Ular chekka qishloq, mahalla, kichik
inshootlarni energiya bilan ta’minlaydi.

Mamlakatimizda qayta tiklanadigan ekologik toza energiya manbalarini qo‘llash katta
istigbolga ega va ekologik, ijtimoiy-igtisodiy jihatdan ham samaralidir [1].

Qayta tiklanadigan energiya manbalarining global o‘sishining 95 foizi quyosh va shamol
energiyasi ishlab chiqarish hissasiga to‘g‘ri keladi, 2028-yilga borib, har yili qo‘shiladigan quyosh
va shamol quvvatlari hajmi 2022-yilga nisbatan ikki baravardan ko‘proq oshadi va qariyb 710 GVt
ga yetadi. Bunga “yashil energiya”ni ishlab chiqarish xarajatlari qazib olinadigan yoqilg‘ilardan
ishlab chiqarishga nisbatan past bo‘lishi yordam beradi.

Shamol energetikasi - atmosferadagi shamol ogimidan foydalanib, elektr energiyasini ishlab
chigaruvchi ekologik toza manba hisoblanadi. Shamol turbinalari asosiy ikki turga bo‘linadi:
gorizontal o‘q atrofida aylanadigan va vertikal o‘qda harakatlanuvchi turbinalar. Hozirgi kunda
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eng keng targalgan model — gorizontal o‘qli uch qanotli turbinalardir, chunki ular eng yuqori
energiya samaradorligini ta’'minlaydi [2].

1-rasm. Vertikal va gorizontal shamol turbinalarining ko‘rinishi [2]

Shamol elektr stansiyasidan olinadigan elektr energiyani quyidagi magsadlarda foydalanish
mumKkin:

Elektr stansiyalar tarmog‘idan yetkazib beriladigan elektr energiyasini almashtirish
magsadida. Buning sabablari: bug‘xona gazlari chiqindilarini kamaytirish, elektr ta’minoti quvvati
bo‘yicha cheklovlar;

Elektr ta’minotidan olisda joylashgan tumanlarda dizel generatorlari va quyosh fotoelektr
tizimlari bilan birgalikda foydalanish mumkin. Elektr energiyasini ishlab chigarish uchun dizel
generatorlari bunga muqobil bo‘lishi mumkin. Buning sabablari: energiya bilan qulay va ishonchli
ta’minlash darajasini oshirish.

SHAMOL GENERATORI(800W)
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2-rasm. (800 W )Shamol generatorining ( Bahor- kuz fasllaridagi, Mart- oktyabr)
oylarining kechki soatlardagi olingan energiya miqdori
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Shamol tezligi va quvvat chigishi

—e— Shamol turbinalari quvvat chigishi
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3-rasm. Shamol tezligining quvvatga bog‘liqlik grafigi

Turbina balandligi va shamol tezligi bog'ligligi
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4-rasm. Turbina balandligining shamol tezligiga bog‘liqlik grafigi

2013- yil boshidan buyon dunyoda 225 ming shamol turbinasi mavjud edi, 6 megavattli
dengiz shamol turbinasi 5,5 ming xonadonga toza elektr energiyasini yetkazib berishi mumkin.
Shamol turbinalari 2012-yilda Daniyaning energiya ehtiyojlarini taxminan 30 foizini gondirdi.
Daniya hukumati bu ragamni 2020-yilgacha 50 foizga yetkazishni rejalashtirdi va amalga oshirdi.
2020-yilga gadar Yevropa Ittifoqi mehnat bozorida shamol energetikasida ish bilan bandlikning
kutilayotgan darajasi 520 ming ish o‘rni bilan baholandi. 2030-yilga borib bu ko‘rsatkich 795
mingtaga ko‘payadi. Bugungi kunda AQShning shamol energiyasi qurilmalarini ishlab
chigaradigan zavodlari 11 milliondan ziyod uylarni elektr energiyasi bilan ta’minlash uchun yetarli
migdorda elektr energiyasi ishlab chigaradi [3].

Shamolning asosiy afzalliklari uning manba sifatida tugamasligidir. Atmosfera va quyosh
issiqligi mavjud ekan shamol bo‘laveradi. Shamol elektr stansiyasining eng muhim afzalligi
ekologiyani ifloslantirmasligidir. Shamol orgali ishlab chigarilgan elektr energiyasidan atrof-
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muhitga hech ganday zararli va zaxarli gazlar ajratmasligidir. Shamol elektr stansiyasining
kamchiligi uning shovqini balandligi va uchayotgan qushlarning nobut bo‘lishi.

Shamol energetikasi global miqyosda energiya ishlab chigarishda muhim o‘rin tutmoqda.
Ushbu texnologiya ekologik tozaligi va iqtisodiy samaradorligi bilan ajralib turadi. Texnologik
taraqqiyot tufayli shamol turbinalari yanada takomillashib, ularning samaradorligi oshmoqda va
xarajatlari kamaymoqda. Kelajakda shamol energiyasining energiya ishlab chigarishdagi ulushi
ortishi kutilmogda. Biroq, ushbu sohaning yanada rivojlanishi uchun innovatsion texnologiyalarni
joriy etish, samarali energiya saglash tizimlarini ishlab chigish va infratuzilmani yaxshilash zarur.
Shamol energetikasi barqaror rivojlanishga hissa qo‘shuvchi muhim omil bo‘lib, kelajak avlodlar
uchun toza va gayta tiklanuvchi energiya manbai sifatida xizmat giladi.

Foydalanilgan adabiyotlar:
4. Allayev K.R. O‘zbekiston Respublikasida muqobil energiya manbalari samaradorligi
potensiali. Energiya va resurs tejash muammolari // Ne 4, 2015. Toshkent.
5. Pulatova D.M. Shamol energetikasi fani uchun Darslik. Toshkent TDTU, 2023.
6. Tiwari G.N., Mishra R.K. Advanced Renewable Energy Sources/ Indian Institute of
Technology Delhi, New Delhi, India, 2012, ISBN: 978-1-84973-380-9.

ANALYSIS OF GENERATOR EFFICIENCY IN WIND ENERGY SYSTEMS

A.A. Rakhimov
Fergana State Technical University,
Uzbekistan, 150100, Fergana region, Ferghana, Street Ferghana, 86

Wind energy systems play a vital role in renewable energy generation by converting kinetic
wind energy into electrical power. The efficiency of wind turbine generators is a key factor in
determining overall system performance. This paper analyzes generator efficiency, its influencing
factors, and methods for optimization. Generator efficiency is calculated as the ratio of electrical
output power to mechanical input power, typically ranging between 85% and 97%. Several factors
affect efficiency, including generator type, mechanical and electrical losses, and cooling
mechanisms.

Wind energy systems play a crucial role in renewable energy production, converting kinetic
wind energy into electrical power. One of the key factors influencing the efficiency of these
systems is the performance of the generator. In this analysis, we will explore how generator
efficiency is determined, the factors affecting it, and ways to optimize performance.

Different generator types, such as induction generators, synchronous generators, and
permanent magnet generators (PMGs), have varying efficiency levels based on their design and
operational characteristics. Mechanical losses arise from friction and wind variability, while
electrical losses include core and copper losses due to resistance and magnetic effects. Proper
cooling systems are essential to prevent overheating and maintain efficiency.
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To enhance generator efficiency, several strategies can be implemented, including the use of
high-quality materials, advanced power control techniques such as Maximum Power Point
Tracking (MPPT), reduction of frictional losses, and adaptive wind speed control. A graphical
analysis shows that while power output increases with wind speed, efficiency stabilizes beyond a
certain point, emphasizing the importance of optimal system design.

Generator Efficiency Analysis in Wind Energy Systems
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In conclusion, maximizing generator efficiency in wind energy systems is crucial for
improving overall energy conversion rates. By utilizing efficient generator technologies and
implementing optimization techniques, wind turbines can achieve high performance levels,
contributing to the growth of sustainable energy solutions.

Here is a graph illustrating the generator efficiency analysis in wind energy systems:

75.0

o Blue Line: Represents the output power (Pout) as a function of wind speed. As wind
speed increases, the output power also increases.

o Red Dashed Line: Represents generator efficiency (%), which gradually increases and
stabilizes as wind speed rises.

To ensure numerical accuracy in the analysis, let's calculate the actual values for key
parameters such as input power (Pin), output power (Pout), and efficiency (n\etan) at different
wind speeds. I'll provide a table with these values for better clarity.

Here is the corrected numerical data for the generator efficiency analysis at different wind
speeds:

Wind Speed Input Power Efficiency Output Power
(m/s) (W) (%) (W)

3 165.38 75.36 124.63

5 765.62 77.38 592.47

7 2100.88 85.00 1785.74

9 4465.12 92.62 4135.42

11 8152.38 94.64 7715.43

13 13456.63 94.95 12777.14

15 20671.88 94.99 19636.89

As wind speed increases, input power and output power both rise exponentially.
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Efficiency improves with increasing wind speed but stabilizes around 95% beyond 9 m/s.
The highest efficiency (94.99%) is reached at 15 m/s, demonstrating that most modern
generators operate optimally in high-wind conditions.
While generator efficiency increases with wind speed, it stabilizes at around 95% beyond 9
m/s. This trend is due to both physical limitations and control mechanisms within wind turbines.
Here’s a more detailed look at why this occurs and what it means for wind energy conversion.
Conclusion
Generator efficiency is a crucial factor in wind energy conversion. By selecting the right
generator type, optimizing design materials, and implementing advanced control mechanisms,
wind turbines can achieve efficiencies above 95%. Continuous research in this field aims to further
enhance energy conversion, making wind power a more viable alternative to traditional energy
sources.
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YIOPOIIEHHASA TEXHOJIOTUSI CEHCUBUJIN3UPOBAHHBIX
COJHEYHBIX JIEMEHTOB DSSC C TIPUMEHEHHUEM OJHOCJOMHOTI O TIO:

C.C. Hlapunbaesn
Hamaneanckuii unoicenepno-mexnonocuyeckull UHCmumymn,
Vsoexucman, 160115, Hamanean, ynuya Kacancaii, 7
“sharipbayev1999@mail.ru

B pabote paccmatpuBaeTcst TEXHOJIOTHSI U3TOTOBIIEHUS COMHEYHBIX 371eMenToB DSSC (Dye-
Sensitized Solar Cell) ¢ ucnonp3zoBanreM OJTHOCIOWHOTO (POTOKATATUTHUYECKOTO CJIOS JUOKCHIA
tutaHa (TiO:2). [lpeacraBneHsl 3Tambl MOATOTOBKH MPO3PAYHON MPOBOASIIEH MOJAJIOXKKH,
HAHECEHUsI aKTUBHOTO CJIOSI METOJIOM CIMH-KOATHHTa, ajcopOoruu kpacutens Ruthenizer 535 u
COOpKHU SUYEHKU C KUIKUM 3JIEKTPOIUTOM. DKCIIEPUMEHTaJIbHbIE UCCIEI0BAaHUS [TOKA3aIH, 4TO
npuMeHeHue onaHocnoiHoro TiO: mMo3BoNSET YNPOCTUTH MPOLECC MPOM3BOJCTBA, CHU3UTH
ce0eCTOMMOCTh 3JIEMEHTOB U MOBBICUTH 3(PPEKTUBHOCTh MPeoOpa30BaHUsl COTHEYHON SHEPTHUH.
ITosryueHHble conHeUHbIe AneMeHThl pogemoHcTpupoBan KII no 6.5%, uro Ha 130% BbI1IE IO
CPaBHEHMIO C TPAJULMOHHBIMU JBYXCJIOMHBIMH CTPYKTypamH. Pe3yinbTaTel MOATBEPKIAIOT
NEePCINEeKTUBHOCT,  NpuUMeHeHusi ojHocioHbix DSSC B rubkux ©W  Npo3payHbIX
(OTOIIEKTPUIECKUX YCTPONUCTBAX.

B mnocneguue roxel HaOmromaeTcst poOCT MHTEpeca K pa3paboTKe allbTepPHATHBHBIX
VCTOYHUKOB DHEPIHUHU, B YACTHOCTH COJIHEYHBIX JIEMEHTOB HOBOI'O MOKOJEHUS. TpaauinoHHbIE
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KPEMHUEBBIC COJIHEUHBIC TMMAaHETu O0O0JIaJaoT BBICOKOH A(P(EKTHMBHOCTBIO, OJHAKO WX
IPOM3BOJICTBO TPeOyeT 3HAYMTEIBHBIX SHEPreTUYECKHX 3aTPAaT U BBICOKUX SKOHOMHUYECKHX
BJIOKECHUU. B CBSI3U ¢ 3TUM CeHCHMOMIM3MPOBAHHBIE KpAacUTENIeM COJIHEUYHbIE 3eMeHTHl (Dye-
Sensitized Solar Cells, DSSC) craHoBsTCS TpUBJIEKaTEILHON aJIbTEPHATHBON Oarogapsi CBoei
MPOCTOTE KOHCTPYKIMH, HU3KOW CTOMMOCTH IPOU3BOCTBA U CIIOCOOHOCTH pabOTaTh MPU HU3KOM
ocBemiénnocru [1, 5].

Ocoboe BHUMaHue yaemsercs (oroaHomam Ha ocHoBe guokcuaa TutaHa (Ti0O2),
obOecrieunBaromiuM ~ 3()PEKTUBHYIO  TPAaHCHOPTUPOBKY  AJIEKTpOHOB. B  kiaccuueckux
koHCcTpykuusax DSSC wucnoneiyercs aByxcinoiiHas cucrema TiO:, cocrosimasi U3 MIOTHOTO U
MOPHUCTOTO CJIOEB, OJHAKO 3TO YBEIMYMBAET CIOKHOCTh TEXHOJIOTHU M cebecTouMocTh. Llenbio
JTAHHOH paboTHI sBISETCS pa3pabdoTKa U UcceloBaHue coMHeuHbIX dreMenToB DSSC Ha ocHoBe
YIPOIIEHHOH OMHOCIOWHON CTPYKTYphl TiO2. OgHOCHOWHBIN (OTOAHO] CHOCOOCH YIIYYIIUTH
XapaKTePUCTUKU YCTPONCTBA 3a CUET MOBBIIMICHUS CKOPOCTH IEpeHOca HOCUTENeW 3apsaa u
YMEHBIIICHUS YUCIia pekoMOnHanui [2].

B uccnegoBaHuu MpUMEHSUIHCH MPO3pavyHble MPOBOMSINME MOANOXKKH Ha ocHoBe FTO-
cTekia. B KkadecTBe aKTMBHOTO MaTepuaia HCIONIB30BAJCS ITUOKCHJ THUTaHAa Mapku P25,
o0aaromuii  BHICOKOH  yNIENBHOM TOBEPXHOCTBIO M XOPOIIUMH  AIIEKTPOXHUMHYECKIMHU
croiictBamu [3, 4]. [Tacta TiO2 rotoBmiack mytém cmemmBanus 0.5 T moporika TiOz, 2 mut HNOs,
0.4 M nommaTHIIEHTTIMKOSA 1 2 Kamenb Triton X-100. Cmech moaBsepraiach yiabTpa3ByKOBOU
00paboTKe AJIsi IUCIePrUPOBAHUS YACTHIL.

Hanecenne TiO: Ha MOIIOXKKY OCYIIECTBISUIOCH METOJAOM CHHH-KOATHHra Ha CKOPOCTH
3000 o6/mMuH, obecneunBas (popMUpPOBaHUE OJHOCIOMHOTO PABHOMEPHOTO ITOKPBITHS.
[Tony4yennble 06pa3iibl MoABEpraiuck TepMudeckoit 00padorke npu 450°C B reuenue 30 MUHYT
JUI yYKpeIUIeHUs CTPYKTyphl cnos. Ilocnme oxnaxaeHus oOpas3ipl MOMEIIAINCh B PAaCTBOP
kpacutenss Ruthenizer 535 Ha ocHoBe »5Tanona. [Ipouecc ancopOuuM HPOBOAMICA TPU
temneparype 40°C B TeueHue 24 4acoB ¢ IpPEIBAPUTEIBHON YIbTPa3ByKoBOl 00paboOTKOA,
crocoOcTByIOLIE OoJiee paBHOMEPHOMY PACIpeeNICHUIO0 MOJIEKYJT KPaCUTENS 0 TTOBEPXHOCTH
TiOs.

CO6opKka cOJIHEYHOI0 3JIeMEeHTa

Kontpanekrpon usrorasnupaicsa Ha ocHoBe FTO-cTekiia ¢ HaHeCeHUeM €105 TUIATUHBI UITH
rpagputa. Mexay aHOAOM M KaTOAOM IOMEINaics MXHUJAKHHA 3JEKTPOJUT, COCTOALIMN U3
nonudTHneHokeuaa (PEO), stunenkapbonara (EC), npommunenkapbonata (PC), iomuna
terpanporunammonust (TPAI) u ioma (I2). I'epmerusamus ycTpoiicTBa NpPOW3BOAUTIACH C
MTOMOIIBIO TTOJIMMEPHOTO YIIOTHUTENS Surlyn.

DoT03/1eKTPHYECKHE U3MEPEHU S

@DOTOITEKTPHUUECKHE XAPAKTEPUCTHKH SUYEEK TECTHPOBAINCH C  HCIIOJIB30BaHHEM
conmHeuHoro cumyistopa AM1.5G (100 mBt1/cm?). M3Mepsinch TOk KOpOTKOTO 3aMbIkaHus (Jsc),
HanpspkeHue xonoctoro xoaa (Voc), koaddunuent 3anonuenus (FF) u obmas 3¢ dekTuBHOCTD
npeoOpa3oBanusi sHepruu (1). Taxke NPOBOJAWICS aHAIU3 METOAOM 3JIEKTPOXUMHYECKON
umnenaHcHoil cnektpockonuu (OUC) ans ONEeHKM HMOHHOW MPOBOJMMOCTH D3JIEKTPOJIUTa U
BHYTPEHHET'0 COIPOTHUBIICHHS 3JIEMEHTOB.

HccnenoBanue mnokasano, 4YTO MPUMEHEHHUE OJHOCIONHON cTpyKTyphl TiO: MpUBOAMUT K
MOBBIIICHHUIO TUIOTHOCTH TOKa KOPOTKOTO 3aMbIkaHus (Jsc) 10 9.53 mA/cm? u Voc 10 0.693 B npu
COXpaHeHHH BbICOKOTO  Kod(pdummenta 3anomnenus FF  (0.538). DddextuBHOCTH
npeoOpazoBaHus dHeprun cocrasuia 6.5%, uto Ha 130% BbIIIE 110 CPABHEHUIO C IBYXCIOMHBIMU
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CUCTEMaMH, UCIIOJIb3YEeMBIMHU B Kitaccuueckux DSSC.

BoabsT-amnepnsie xapaktepuctuku (BAX) comHedHOro 37eMeHTa ¢ aKTUBHOM TUIOIIAIbIO
0,2 cm? ObulM W3MepeHbl ¢ nomolbio mpubopa “Metrohm Autolab Potentiostat/Galvanostat
PGSTAT 128N” npu IUIOTHOCTA MOIIHOCTH CBETA, M3JIy4aeMOr0 COJHEYHBIM CHUMYJISITOPOM,
paBHoit 1000 Bt/mM%. B pesympraTe SKcmepuMeHTa Obula  moaydeHa (oto BAX
BBICOKOYYBCTBUTEJILHBIX KPACHUTEIb-CEHCUOMIN3UPOBAHHBIX CONHEYHBIX 31emMeHTOB (DSSC).
OnuH U3 TpaduKOB ITHX XapaKTEPUCTUK MPEACTABICH Ha PUCYHKE 1.

0,10,150,20,250,30,350,40,450,50,550,60,650,7
uv)

Puc. 1. ®oroBosbT-amnepHas xapaktepucruka (BAX) noaynpoBoafHUKOBBIX
BBICOKOYYBCTBHTEJIbHBIX KPACHTEJIb-CCHCHOMIU3NPOBAHHBIX COJTHEYHBIX 3JIEMEHTOB

(DSSC).

SEM-u300pakeHusi MPOJEMOHCTPUPOBAIH paBHOMEpHOE TOKphITHE TiO2 ¢ TONIIUHOM
nopsaka 10 MkM u HaHowacTuaMu pazmepom 20-30 HM. AToMHO-cuitoBast MUKpockonus (AFM)
NoKa3aJjia HU3KYIO IIePOX0BAaTOCTh MOBEPXHOCTH, YTO CIIOCOOCTBOBAIIO 3((hEeKTUBHON aicopOoLnu
KpacuTelss M XOpolleMy KOHTakTy Mexay cinosmu. Merog OMC mnoarBepawsl CHUKEHUE
BHYTPEHHETO CONPOTUBJICHWS W TOBBIIIEHHE HOHHOM IPOBOAUMOCTH, YTO IIOJIOKUTEIBHO
MOBJIUSUIO HAa XapaKTEPUCTUKU (POTODIEKTPUUECKOH sTUeHKH.

BriBoabI

e Pazpabotka omHocnmoitHOTO ¢oToaHoga Ha ocHoBe Ti0: mMO3BONMIA 3HAYUTEIHHO
YIPOCTUTH TEXHOJIOTHYECKUi mpouecc npou3BoacTsa DSSC 1 cHU3UTH 3aTpaThl.

e OIHOCIOWHBIE CTPYKTYpPhl OOECIEUYMBAIOT CHIKCHHE PEKOMOWHAIMU DJIEKTPOHOB U
YBEIIMYMBAIOT CKOPOCTh MEepeHOoca HOCUTENEH 3apsijia, 4To MPUBOIUT K pocTy 3¢ddexkTuBHOCTH
COJIHEYHOT O 3JIeMeHTa 110 6.5%.

o TexHonorus uMeeT MOTEHIMAl BHEIPEHUS B THOKME U TNPO3pPAUYHbIE COITHEUHBIE
AJIEMEHTHI JIJI1 aBTOHOMHBIX SHEPreTUYECKUX CHUCTEM, HOCUMOM 3JIEKTPOHUKH M UHTETpallUM B
CTPOUTENIbHBIE KOHCTPYKIIUH.
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BIOGAZ QURILMASIDA AJRALGAN CHIQINDIDAN O’G’IT SIFATIDA VA
OZUQAVIY MAQSADLARDA FOYDALANISH USULLARINI RIVOJLANGAN
DAVLATLAR TAJRIBASI MISOLIDA O’RGANISH

1.X. Izzatullayev", A.A. Abdusamiyev
Namangan muhandislik-texnologiya institute,
O zbekiston, 160115, Namangan viloyati, Kosonsoy ko'chasi, 7
“inomjonizzatullayev4@gmail.com,

Biomassa energiyasi va chorvachilik chigindilaridan unumli foydalanish, keyingi vagtlarga
kelib, aholi sonining oshib borishi natijasida ularning turli xil energiyalarga bo’lgan ehtiyojlari
ham ortib bormoqgda. Insonlar turli xil energiya manbalarini ishlab chigirish va undan foydalanish
bilan bu muammoga ma’lum miqdorda yechim topmogqdalar. Chiqgindilar asosida biomassa
energiyasini olish ham noan’anaviy energiya manbalaridan biri hisoblanib, insonlarning gaz va
ekologik toza bo’lgan o’g’itga nisbatan ehtiyojlarini qondiradi

Biogaz qurilmalari organik chigindilarni gayta ishlab, metan gazini ishlab chigarish orgali
energiya olish imkonini beradi. Birog, biogaz jarayonidan keyin qolgan qoldig moddalar (digestat)
ham gimmatli resurs hisoblanadi. Bu qoldiq moddalar o‘g‘it sifatida yoki oziqaviy maqsadlarda
gayta ishlanishi mumkin. Rivojlangan davlatlar (masalan, Germaniya, Daniya, Shvetsiya,
Niderlandiya va Xitoy) bu sohada keng tajribaga ega bo‘lib, ularning usullari dunyo bo‘ylab
go‘llanilmoqda. Biogaz ishlab chiqarishda yuqorida aytib o’tilganidek, biogaz olishda
biomassadan chigayotgan qoldigdan ham o’g’it sifatida foydalanish mumkin. Agar 1 tonna go’ng
yerga 0’g’it sifatida ishatilsa, 1 tonna go’ngdan 50 m® gacha metan gazi chigishini nazarda tutsak,
50 m® metan 1000 m® karbonat angidrid gaziga teng migdorda issigxona effekti hosil giladi. Ushbu
hosil bo’lgan gazni yonishidan ham karbonat angidrid gazi ajraladi ammo birinchidan karbonat
angidrid metan gaziga nisbatan issigxona effekti kam, ikkinchidan karbonat angidrid o’simliklar
tomonidan o’zlashitiriladi, metan gazi esa yo’q. Agar biz ushbu biomassalarda biogaz
texnologiyasi orqali biogaz olishni tashkil etsak, biz gaz, elektr, bioo’g’it va qo’shimcha ish
o’rinlarini tashkil etish mumkin. Bu orqali ganchadan-gancha tabiiy gazni, elektr energiyasini
tejashi, shu bilan birga gayta ishlanmagan bioo’g’itga nisbatan bir necha marta samarador bo’lgan
bioo’g’it olishi mumkin.

Bu texnologiya yordamida ajratilgan bioo’g’it avvalgi ya’ni qayta ishlanmagan boo’g’itga
nisbatan ancha sifatli, yaxshi bo’ladi va avvalgi badbo’y hidini yo’qotadi. Qayta ishlanmagan
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bioo’g’itdan, qayta ishlangan bioo’g’itning afzalligi shundaki, uni o’simliklarga ta’sir etish
muddati tezroq va quvvati ancha yugqori turadi. Qayta ishlanmagan bioo’g’it yerga solingandan
so’ng 1-2 yildan keyin 0’z ta’sirini ko’rsatsa, biogaz texnologiyasidan chiqqan bioo’g’it shu yilni
o’zida yuqori darajada ta’sirini ko’rsatadi. Chunki qayta ishlangan bioo’g’it bu biogumus, yani
hozirgi kunda Kaliforniya chuvalchanglari orqali ishlab chigarilayotgan gumusning o’zi bo’lib,
tarkibidagi elementlari bo’yicha chuvalchang gumusidan yuqgori turadi. Yana bir afzalligi,
organizmda hazm bo’lmagan begona o’t o’simliklarni urug’lari vegetativ holatini yo’qotadi va
ekinda begona o’tlar o’sishini kamaytirishga erishiladi. Avval tashlanadigan mahalliy o’g’it
sarfini 15-20 barobarga gisqartiradi va qishloq xo0’jalik mahsulotlari yetishtirish samaradorligini
25-30% gacha oshirish imkoni mavjud. Bu bioo’g’itni ehtiyojiga qarab, suyuq va quruq holatlarda
ishlatish mumkin.

Yugorida aytib o’tkanidek, biogaz ishlab chiqarish jarayonidan so’ng qoladigan qoldigdan
yugqori sifatli 0’g’it (biogumus) olinishi mumkin. Bioo’g’it go’ngini bijg’itish uni dezodoratsiya
qiladi (hidsizlantiradi), gelmentlarini, hamda yovvoyi o’simliklar urug’larini yo’qotadi, o’simlik
uchun zarur bo’lgan moddalarni (o’g’itsimon) yengil o’zlashtiriladigan shaklga (mineral shaklga)
o’tkazadi.[1]

O’simliklar uchun oziqaviy moddalar miqdori azot, fosfor, kaliy deyarli o’zgarmaydi.
Biogaz olinganidan keyingi qurilmadan chiqgan go’ngning kimyoviy tarkibi quyidagi 1- jadvalda
bayon etilgan.

1-jadval.Go’ng kimyoviy tarkibining bijg’ish jarayoni vaqtiga qarab o’zgarishi (%)

Bijg’ish Azot Numumiy
davri, sutka Umumiy | Ammoniylik | P20s K20
N N- NH4
0 (nazorat) 0,32 0,13 0,11 0,24 12,2
5 0,31 0,13 0,11 0,24 11,9
10 0,31 0,16 0,11 0,24 10,5
15 0,31 0,16 0,11 0,24 9,6

Go’ngni anaerob bijg’itishda uni tarkibidagi kaliy va fosfor butunlay o’zgarmaydi. Azot
moddalari go’ngga ishlov berishni boshqa usullari ishlatilganda 50% yo’qotilsa, anaerob
bijg’ishda 5% yo’qoladi. Shuni ham eslab qolish lozimki, yangi go’ngni azot organik shaklda
bo’lsa, anaerob bijg’ish oqgibatida u o’simlik uchun qulay bo’lgan ammoniy shakliga o’tadi.

Go’ngni anaerob bijg’itish atrof-muhitni muhofazasi uchun ganchalik foydali ekanligini
igtisodiy hisob-kitob gilish ancha mushkul vazifa. Bu yo’l bilan ishlov berilgan go’ng, biologik
mo’tadil xolatda bo’lib, hashorotlarni o’ziga tortmaydi. Anaerob bijg’ishdan keyin, go’ngdagi
qo’lansa hid beradigan moddalar yo’qoladi.

2-jadval.Bijg’itilgan go’ng tarkibida kuchli hid beradigan moddalar miqdori

Birikmalar Tabiiy go’ng, % Bijg’itilgan go’ng, %
Fenol 100 4

Krezol «P» 100 10
Skatol 100 79

Moy kislota 100 3
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Anaerob ishlov berishda poleviruslar migdori 98,5% ga kamayadi, indeks E.koli 108 dan
10°-10* gacha, parazitlarni urug’i 90-100 % yo’qoladi

Tabiiy resurslardan foydalanganda qo’yiladigan ekologik talablar xo’jalik hisob kitobi
sharoitida, «ulardan foydalanilganda o’rniga qo’yish» degan iboralar qonuniy hujjatlar asosida
ishga tushganda alohida ahamiyat kasb etadi.

Xitoyda o’g’it sifatida foydalanishda poliz ekinlari, bug’doy o’simliklari, sholipoyalarni
o’g’itlashda, quruq holatga keltirilgan bioshlamada qo’ziqorin yetishtirib, qo’ziqorin yetishtirish
tezligini 2 barobarga oshirishga erishganlar.[2]

O’simlik uchun suyuq holatdagi bioo’g’itni suspenziya shaklida to’g’ridan — to’g’ri
o’simlikni tanasiga sepilsa o’zlashtirish uchun qulay holatda mineral moddalarni o’simlik barglari
orqali oson o’zlashtirib oladi. Buning natijasida mo’l hosil olish imkoniyati yanada oshadi deb
o’ylayman.

Rivojlangan davlatlar biogaz jarayonidan keyin qolgan qoldigni gishloq xo‘jaligida organik
o‘git sifatida samarali foydalanadi. Buning uchun ular quyidagi usullardan foydalanadi:

To‘g‘ridan-to‘g‘ri qo‘llash:

o biogaz jarayonidan keyin golgan qoldigni to‘g‘ridan-to‘g‘ri dalalarga sepish orqali
foydalanish.

o misol: Germaniyada biogaz jarayonidan keyin golgan goldigni ning 70% qismi gishloq
xo0‘jaligida to‘g‘ridan-to‘g‘ri qo‘llaniladi.
Kompostlash:

o biogaz jarayonidan keyin golgan goldigni ni boshga organik chigindilar bilan aralashtirib,
kompost o‘g‘it sifatida ishlatish.

o misol: Daniyada biogaz jarayonidan keyin golgan goldigni kompostlash orgali yugqori
sifatli organik o‘g‘it ishlab chiqariladi.
Granulalash:

o biogaz jarayonidan keyin golgan goldigni ni quritib, granulalash orgali qulay shaklda
saglash va tarqgatish.

o misol: Niderlandiyada biogaz jarayonidan keyin qolgan qoldigni granulalash
texnologiyalari keng go‘llaniladi.
Ba’zi rivojlangan davlatlar biogaz jarayonidan keyin qolgan qoldiq moddalarni ozigaviy

maqsadlarda ham gayta ishlaydi. Buning uchun ular quyidagi usullardan foydalaniladi:

Mikroorganizmlar uchun oziq modda sifatida:

o biogaz jarayonidan keyin golgan goldiq moddalarni mikroorganizmlar uchun ozig modda
sifatida ishlatiladi.

o misol: Shvetsiyada biogaz jarayonidan keyin golgan goldig moddalarni mikroorganizmlar
uchun substrat sifatida qo‘llaniladi.
Balchigni gayta ishlash:

o biogaz jarayonidan keyin golgan qoldig moddalar balchigni quritib, hayvonlar uchun
ozugqa sifatida ishlatish.

o misol: Germaniyada biogaz jarayonidan keyin golgan qoldig moddalar balchig‘i goramol
ozugasi sifatida go‘llaniladi.
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3-jadval: Quyida rivojlangan davlatlarning biogaz jarayonidan keyin qolgan qoldiq
moddalardan foydalanish bo‘yicha tajribalari keltirilgan:

Davlat Foydalanish Usuli Natijalar
Germaniya To‘g‘ridan-to‘g‘ri B Qishloq xo‘jaligida unumdorlikni
qo‘llash oshirish
Daniya Kompostlash . .Yuqori sifatli organik o‘g‘it ishlab
chigarish
: . I lash ish
Niderlandiya Granulalash . _Qu_ay saglash  va tarqatis
imkoniyati
. Mikroorganizmlar . _ I
Shvetsiya . Biologik xilma-xillikni saglash
uchun ozig modda

Biogaz qurilmasini barpo etgan Toshkent viloyati, Zangiota tumani hududidagi “Milk-Agro”
naslchilik fermer xo’jaligida ham biog’itdan oqilona foydalanishmoqda. Suyuq holatdagi
bioo’g’itni separatorlar yordamida suvdan quruq bioo’g’itni ajratib olishib, quruq tuproq bilan
aralashtirilib bioo’g’itni quruq holatdagisini olishga erishmoqdalar. Olingan bioo’g’itni elakdan
o’tkazib, mayda donacha holatdagilarini gullar uchun, nisbatan yirik holatdagi biogumusni
sabzavotlar uchun qo’llamoqdalar. O’z hududidagi tomorqalarni bioo’g’it bilan ishlov berib
yuqori hosil olmoqgdalar. Qolgan gismini esa bozorda sotmoqdalar. Gullar uchun mo’ljallangan
bioo’git 10 kg og’irlikga ega buning narxi 30000 so’m, sabzavotlar uchun uning og’irligi 25 kg
narxi 50000 so’mni tashkil etmoqda. Bu o’gitni sotishdan ham daromad kelmoqda.

Ozugaviy magsadda foydalanish.Yuqorida bigaz qurilmasidan chigayotgan mahsulotlardan
yoqilg’i sifatida, elektr energiya va o’g’it sifatida foydalanish mumkinligi haqida aytib o’tdik.
Biogaz chiqindisi bo’lgan biooshlamadan uning tarkibini o’rgangan holatda hayvonlar uchun
ozuqviy maqgsadda ham foydalansa bo’lishi ta’kidlanmonda. Agar hayvon ozuqasiga biooshlama
aralashtirilib berilsa, ozuganing sifat ko’rsatkichi juda yuqori darajaga yetadi.

Suyuq holatdagi biooshlamani cho’chqa ozuqasiga qo’shib berilsa, cho’chqa semirishi 1-2
barobar tezlashadi hamda cho’chqaning bo’yiga, eniga o’sishi nisbatan yuqori bo’ladi.

Baligchilik hovuzlarida baliq ivildirigni hovuzga tashlagandan so’ng, kuchli ozuqaviy
muhitda bogilsa 6 oy davomida baliq vazni 2 — 3 kg ga yetadi. Agar o’rta ozugaviylik muhitida
bogilsa 6 oyda 1,5 — 2 kg ni tashkil etadi. Yuqori ozugaviy muhitda bogilgan baliglar ozuga narxi
gimmatligi hisobiga, baliq tannarxi gimmatga tushadi, bu esa daromadni kamaytiradi. Shuning
uchun baliqchilik hovuzlarida o’rta darajada ozuqaviy muhitda baliglar boqilib belgilangan
kilogrammni olish uchun ko’proq vaqt davomida boqiladi.[3]

Agar baliq ozig’i o’rta darajada berilib, qo’shimcha sifatida biogaz qurilmasidan chiqqan
suyuq holatdagi bioshlama hovuzlarga sepib turilsa, belgilangan 6 oy davomida balig vazni 2-3 kg
ni tashkil etadi. Biooshlama nafaqat baliglar uchun ozug, balki hovuzdagi baliglar oziglanadigan
o’simliklarni tezda o’sishiga ham sabab bo’ladi. Bu o’simliklar bilan ozuqga va bioshlama bilan
oziglangan baliglar tezda yetilib daromad beradi.

Biogaz qurilmalari organik chigindilarni gayta ishlab, metan gazini ishlab chiqgarish orgali
energiya olish imkonini beradi. Birog, biogaz jarayonidan keyin qolgan qoldig moddalar (digestat)
ham gimmatli resurs hisoblanadi. Bu qoldiq moddalar o‘g‘it sifatida yoki ozigaviy maqsadlarda
gayta ishlanishi mumkin. Rivojlangan davlatlar (masalan, Germaniya, Daniya, Shvetsiya,
Niderlandiya) bu sohada keng tajribaga ega bo‘lib, ularning usullari dunyo bo‘ylab
qo‘llanilmoqda. Biogaz qurilmalarida ajralgan chiqindilardan o‘g‘it va ozigaviy magqsadlarda
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foydalanish rivojlangan davlatlar tajribasida muvaffaqiyatli qo‘llanilmoqgda. Bu usullar nafagat
atrof-muhitni muhofaza qilish, balki qishloq xo‘jaligida unumdorlikni oshirish va qo‘shimcha
iqtisodiy daromad olish imkonini beradi. O‘zbekiston kabi mamlakatlar uchun bu tajribalarni
o‘rganish va qo‘llash katta istigbollarga ega.
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YANGI METOD ASOSIDA QUYOSH ENERGIYASIDAN FOYDALANIB
MINERALLASHGAN SUVNI ICHIMLIK SUVIGA AYLANTIRISH

Sh.A. Abriev’, T.Z. Axtamov, Y.M. Qurbanov
O zbekiston Respublikasi Fanlar akademiyasi S.A.Azimov nomidagi Fizika-texnika
instituti
O ‘zbekiston, Towxenm,Chingiz Aytmatov ko'cahsi, 2-b-uy
“abrievshaxzod1997 @gmail.com

Hozirgi kunda ichimlik suvi yetishmovchiligi global muammolardan biri bo‘lib, aholi
sonining ortishi va sanoat rivojlanishi ushbu masalaning dolzarbligini yanada oshirmoqda. Ushbu
tadqiqotda quyosh elementlari tuzilmasi sho‘r suvni chuchuklashtirish qurilmasining ishlash
tamoyillari o‘rganildi va tajriba sinovlaridan o‘tkazildi. Qurilmaning asosiy energiya manbai
sifatida quyosh nurlanishidan foydalanildi hamda uning tarkibiy gismi quyosh elementlari
tuzilmasi, issiqlik kollektori, reflektor va sovutish tizimidan iborat. Tadgiqgot natijalari qurilmaning
sho‘r suvni chuchuklashtirish jarayonida samaradorligini tasdiqlab, uni ichimlik suvi ta’minoti
cheklangan hududlarda mugobil yechim sifatida qo‘llash imkoniyatini ko‘rsatdi. Kelajakda
chuchik suv resurslariga bo‘lgan talabni oshishi ushbu qurilmaning keng qo‘llanilish
imkoniyatlarini kengaytirishga xizmat giladi

Suv yer sharining 67% ga yaqin qismini tashkil giladi. Bundan tashgari, ushbu suvning 97%
(sho‘r suv ichishga va sug‘orish uchun yarogsiz) okeanlarda joylashgan. Chuchuk suv
sayyoramizdagi umumiy suvning juda kam gismi 3% ni tashkil giladi. Ushbu past foizda daryolar
va ko‘llar 0,3% ni, qolganlari esa yer osti va muzliklarda saqlanadi. Yer osti suvlari iste’mol uchun
doimiy yechim bo‘lolmaydi, chunki u cheklangan va yer osti suvlarining kamayishi tabiatga va
mavjud infratuzilmalarga zarar yetkazishi mumkin[1]. Yer wusti suvlarini katta qismi
sho‘rlanganligi sababli ichimlik suvi tanqisligi dunyoning chekka hududlarida, aynigsa, gishloq
joylarida katta muammo hisoblanadi. Natijada quyosh energiyasidan foydalanib sho‘r suvlarni
chuchuklashtirish jarayoni sho‘rlangan hududlarda ichimlik suvi ta’minotini yaxshilash uchun
magbul variant sifatida ¢’tirof etish mumkin. Toza ichimlik suvi inson salomatligi uchun muhim
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omillardan biri bo‘lib, uning yetarli darajada ta’minlanishi ijtimoiy-iqtisodiy rivojlanish bilan
bevosita bog‘liqdir[2]. Uzoq yillar davomida sho‘r suvni chuchuklashtirish magsadida quyosh
energiyasidan foydalanish bo‘yicha turli ilmiy tadqiqotlar olib borilgan. Biroq, ushbu
tadqgiqotlarning aksariyati asosan kunning issiq vaqtiga, ya’ni yoz oylariga to‘g‘ri keladi. Bu esa
quyosh energiyasidan foydalanuvchi suv chuchitgich qurilmalarining ish faoliyatini muayyan vaqt
oralig‘ini cheklaydi. Toza ichimlik suvi olish va aholi uchun yakuniy iste’molga yetkazib berish
kabi amaliy ishlar davlat siyosati darajasida yo‘lga quyilgan bo‘lib, bunga qo‘shimcha ravishda
O‘zbekiston Fanlar akademiyasining S.A. Azimov nomidagi Fizika-texnika institutining bir guruh
tashabbuskor olimlar tomonidan iste’molga yarogsiz, ifloslangan va sho‘r suvlardan iste’'molga
yaroqli chuchuk suv olish bo‘yicha tadqiqotlar izchil olib borilmoqda.[3]

Dengiz suvini tuzsizlantirish-bu suv tarkibidagi tuzlar migdorini kamaytirish jarayonidir.
Dengiz suvida mineral tuz, gaz (azot, kislorod, karbonat angidrid, vodorod sulfid) va kam
miqdorda organik moddalar erigan bo‘ladi. Okean va dengiz suvining tarkibida tuz miqdori
o‘rtacha 3,47 foizni, o‘zgaruvchanligi 3,4-3,6 foizgacha tashkil etadi, ichish uchun yarogli suvda
esa ushbu ko‘rsatkich 0,05 foizdan oshmasligi kerak. Tuzsizlantirish jarayonidan so‘ng suv
tarkibidan kalsiy va boshqa zararli moddalarni tozalash zarur bo‘ladi. Shu sababli, suvni tozalash
uskunalaridan foydalanish majburiy hisoblanadi.

Suv chuchutgich qurilmasini tarkibi: Quyosh elementlari tuzilmasi asosida suv
chuchutish qurilmasi sho‘r suvdan toza ichimlik suvi olish yoki boshga texnik maqsadlarni ko‘zlab
ishlatiladigan toza suv ajratib olishga mo‘ljallangan qurilma bo‘lib, uning asosiy energiya
ta’minoti quyosh nurlanishi hisoblanadi. Ushbu qurilmaning asosi issiqlik kollektori (IK)
zanglamaydigan po‘lat asosli metall qotishmadan tayyorlangan bo‘lib, sho‘r suv muhitida
korroziyaga yuqori darajada chidamlilikka ega. Kollektorning tashqi yuzasi (quyoshga tomon
qaratilgan yuzasi) qalinligi 4 mm bo‘lgan toblangan oyna orqali izolyatsiya qilingan, quyosh
nurlanishi shisha orgali o'tish jarayonida taxminan 4-5% energiya yo‘qotishiga uchraydi. Shaffof
oyna chetki chrgaraviy qismi 20 mm kenglikda nur yutish koeffitsiyentli yuqori bo’lgan gatlam
bilan bo‘yalgan. IK ning ichki qismida yuzasiga tushayotgan nurlanishi intensiv yutuvchi 150 W
quvvatga ega bo‘lgan kristalli kremniy asosidagi quyosh elementlari tuzilmasi joylashgan. IK ichki
gismining quyosh elementlari tuzilmasining joylashuvining davomida esa, hosil bo‘lgan suv
bug‘ining erkin harakatlanishini ta’minlovchi maxsus tirqish mavjud bo‘lib, unga ulangan sovutish
tuzilmasi hisobiga suv bug‘ining haroratini kamaytirib tirqishda suv tomchilari hosil qiladi va ular
og‘irlik kuchi hisobiga pastda joylashgan suv yig‘uvchi idishga tushirib beradi. Issiglik
kollektorining ikki yon tomonida nur gaytaruvchi reflektorlar bilan jihozlangan bo‘lib, quyosh
nurlanishini intensiv yutuvchi quyosh elementlari tuzilmasi yuzasiga tushirib beradi. Ko‘chma
arava konstruksiyasi, qurilmaning optimal burchakka moslash dastagi va gayta ishlanadigan va
tozalanadigan suvni saglash idishdan tarkib topgan.

Tajribaning o‘lchash metodologiyasi tadqgiqot ishi bo‘yicha amaliy tajriba Fizika-texnika
institutining Geliomaydonchasida joriy yilning fevral-mart oylarida olib borildi va o‘sha kungi
havo harorati o‘rtacha 6-26°C ni, Quyoshdan tik tushayotgan yorug‘lik intensivligining qiyom
nuqtasidagi quyosh nurlanishi ogim zichligi yon va pastki reflektorlar ishlatilganda 1130-1150
W/m? gacha giymatlari gayd qilinib olindi. Fotoelektrik suv chuchutish qurilmasi gorizontga
nisbatan o‘rtacha 0=39° optimal burchak ostida ish rejimi holatiga keltirildi va har 20-25 dagigada
o‘zgartirilib, quyoshdan kelayotgan yorug‘lik intensivligini yuza birligiga perpendikulyar
tushishligi ta’minlanishi samaradorlikka sezilarli ta’sir etdi. Tadgiqot ishi mart oyi kunlarida 10%
dan 16% gacha amalga oshirildi, tajribaninig maqgsadi mavjud sho‘r suvdan toza ichimlik suvi olish
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edi va bu natijaga erishildi. Dastlab quyilgan sho‘r suv miqdori 16 litr bo‘lib, qaynash jarayoni
boshlangangan so‘ng har soatda 2.6-2.9 litrgacha chuchik suv olindi. IK da maksimal harorat 92-
95°C gacha tashkil qildi va hvarorat ortishi bilan bug‘lanish jarayoni keskin ravishda tezlashishi
kuzatilda, 11%° dan 14*° gacha bo‘lgan davrda maksimal bo‘ldi.
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1-rasm. Quyosh nurlanishing oqim zichligini vaqtga bog‘lanish grafigi.

1-Rasmda mart oyi kunlarida quyosh nurlanish ogim zichligining yuqori va past
qiymatlarining vaqt bo‘yicha o‘zgarishi keltirilgan. Sho‘r suvning haroratini qisqa vaqt ichida
oshirish magsadida, yon tomonlardan ikkita va pastki gismida bitta reflektorlardan foydalanildi.
Ushbu reflektorlar quyosh nurlanishini ogim zichligini oshirish orgali suv haroratini keskin
ravishda oshirishga erishildi. Eksperimental natijalar shuni ko‘rsatdiki, boshlang‘ich harorati 17°C
bo‘lgan sho‘r suv reflektorlar yordamida 25-30 soat ichida 92°C gacha ko‘tarildi. Bu esa
reflektorlarning quyosh energiyasidan samarali foydalanish imkoniyatlarini oshirishdagi
ahamiyatini tasdiglaydi.
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FOTOISSIQLIK QURILMASINING FOTOELEKTRIK BATAREYASIGA
NISBATAN ELEKTRO-FIZIK ANALIZLARI TAHLILI

T.Z. Axtamov!, S.A. Bobomuratov?, Sh.J Qarshiyev?
'0'zR FA Fizika-texnika instituti "Fizika — Quyosh" 1ICHB,
O'zbekiston 100084, Toshkent sh., Chingiza Aymatov, 2B
2Termiz Davlat Universiteti
O'zbekiston, 190111, Termiz, Termiz shahri, “Barkamol avlod” ko'chasi 43-uy

Quyosh energiyasini elektr energiyasiga aylantirib beruvchi kremniy asosli quyosh
elementlaridan (QE) tuzilgan quyosh batareyalarining samaradorligi harorat ortishi bilan kamayib
ketish hodisasini o‘rganish, atmosfera muhit harorati 50°C dan oshganda, fotoelektrik batareyalar
FIK 40% gacha tushib ketishi jarayonini tahlil gilib, bu hodisani oldini olish imkoniyatlarini
o‘rganish magsadga muvofigdir.

FEBIlardan iglim sharoitlari hisobga olinmasdan foydalanish ularning samaradorligiga katta
ta’sir qilishi ko'p ishlarda qayd qilingan [ 1-2] Bizning tadqgigotdagi fotoelektrik qurilma og himoya
goplamali monokristall kremniyli bo’lib umumiy AM 1,5 sharoitida tajriba olindi. FEBning
quvvati 60 vtni tashkil qiladi. Fotoelektrik batareyalarni to’g’ri joylashtirish, turli ob-havo
S
h
a
r Tajriba 2024 yil 22-may kuni havo harorati +35°C bo‘lgan Termiz sharoitida (kenglik
87°13") o‘tkazildi. O‘Ichashlar soat 09:00 dan 15:00 gacha 20 dagiqa interval bilan treker rejimida
olib borilgan. Fotoelektrik qurilmaning umumiy tashqi ko’rinishini quyidagi rasmdan ko’rishimiz
tumkun.

«Q S5 — S C

1-rasm. a) Fotoissiqlik batareyasi. b) Fotoelekterik batareya.

Quyosh harakati yo’nalishiga qarab yo’nalishini o’zgartirish orqali FEB hamda FIBlar bir
irga nisbatan tagqoslangan FEB hamda FIBlar gorizontal buchagi 43° dan giyom vagtigacha 24°
urchak ostigacha tushib so’ngra yana 37° burchakgacha ko’tarilib tajiribalar olindi. Tajriba
atijalarini quyidagi grafik asosida tushuntirish mumkin.

<S—oooo »w — —~+ o =
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2- rasm. Fotoelektrik batareyalarning elektr parametrlarining kunduzgi vaqtga bog‘liqligi.

Ushbu 2-rasmdan tushunish mumkinki, FEB, FIBlar tajriba vaqgtida gisga tutashuv

toki va quyosh yorug’lik oqimi zichligi o‘lchandi va shu kattaliklar asosida FEB hamda
FIBlarning elektr parametrlari hisoblandi.

Odatiy rejimdagi FEB hamda FIB yorug‘lik nurlanish intensivligiga garab Fotoelektrik
batareyaning qisqa tutashuv toki zinet vaqtigacha ortib borgan, zinet vaqtidan so‘ng pasayganini
kuzatishimiz mumkin. FIB esa FEBga nisbatan ko’proq yorug’lik oqimi zichligi hamda qisqa
tutashuv tokining giymati sezilarli darajada ortiqgroq ko’rsatayotganini yaqqol kuztishimiz
mumuklIn. Bunga sabab qilib mahsus yorug’lik oqimini yig’uvchi refflektorlar hisoblanadi.

Olingan natijalarga assoslanib FEB hamda FIBlarning parametrlari hisoblanib quyidagi
grafik olindi.

215 -

—= FIB(UY)
—e— FEB(U2)
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3-rasm. FEB hamda FIBlarning salt yurish kuchlaninshlarining kunduzgi vagtga

bog‘liqligi.

Harorat ortishi ikkala FEB, FIBlarning zinet vaqgtigacha salt yurish kuchlanishi kamayib,
keyin yana ortganini ko‘rishimiz mumkin. Hamda ma’lum vaqtdan Ichida FIBsi FEBsiga nisbatan
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sezilarli natijada kamaygani so’ngra soat 11:00 dan boshlab sezilarli darajada ortganini ko’rish
mumkin. Bunga sabab qilib dastlab FIB ichida issiglik gamalib golgani sababli salt yurish
kuchlanishi tushib 11:00 da kollektordan suv ogizilgani sababli kuchlanish FEBga nisbatan
ko’proq natija ko’rsatgan. So’ngra FIBning kollektor gismida o’tkazilgan suv oqimi FEBda
yig’ilgan energiyani olib issiq suv shaklida chiqib ketib qo’shimcha issiq suv olish imkonini
yaratdi (2-3rasmlar). Ushbu rasmlardan tushunish munmkunki, tajribada bir xil quvvatli 2 ta FEB
hamda FIBlar bir biri bilan tagqoslangan hamda elektr paramertrlari aniglanib olingan. FEBsi
FIBsiga nisbatan salt yurish kuchlanishidan ham gisga tutashuv toki jihatidan ham kamroq
giymatni ko‘rsatgan. Ushbu tajribadan FIB bir vaqtning o’zida ham elektr energiya ham 40°C dan
50 °C gacha issig suv olish imkonini yaratmogqda.

Foydalanilgan adabiyotlar ro’yxati
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Combined Photovoltaic Thermal Water Cooling System for Hot Climate Regions // Journal
of Solar Energy Engineering February 2019.

2. dynpaMeHTanbHBIE U TOPUKIATHBIE Bompochl (usuku, Tpyasl MexayHapoIHOM
koH(pepenmmu, TamkeHT, ceHTsOpp 22-23, 2020r. HWccnemoBanue 3ddexTuBHOCTH
UCIIOJIb30BAHUSI aBTOHOMHBIX (DOTOIEKTPUUCCKUX CTAHIMIA B YCIOBHUSX skapkoro Muminov
R. A., Tursunov M. N., Sabirov Kh., Abilfayziyev Sh. N., Yuldoshov B. A. and Toshpulatov
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climate conditions and comparison of parameter changes. Journal of Physics: Conference
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Features of optimization of increasing the efficiency of an autonomous photo thermal
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4. LA. Yuldoshev, A.K. Saymbetov. Combined photo thermo converters solar energy with
reflecting concentrators [Combined photo thermo converters solar energy with reflecting
concentrators] // Proceedings of XII International Scientific Conference “Solid State Physics”
2014y. 25-27 June, p.217-219

BIR JINSLI BO’LMAGAN YARIMO‘TKAZGICHLARDA
FOTOMAGNITOELEKTRIK HODISALARNI O’ RGANISH

G. Gulyamov, G.N.Majidova“, S.Q.Madumarova, Sh.0.Mamadaliyev
Namangan Davlat Texnika Unversiteti,
Uzbekiston 160103, Namangan, Islom Karimov ko ‘cha 12 uy,
“m.gulnoza.1985@gmail.com,

Bilamizki bir jinsli bo'lmagan yarim o'tkazgichlar, ya'ni geterostrukturali yarim
o'tkazgichlar, fotomagnitoelektrik effekt kabi hodisalarni o‘rganishda katta ahamiyatga ega.
Fotomagnitoelektrik effekt bu yarim o'tkazgichlarda magnit maydon va yorug'likning o'zaro ta'siri
natijasida elektron va teshiklarning dinamikasi o'zgargan hodisadir. Bu hodisa, asosan, optik,
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elektrik va magnit xususiyatlarining birlashishiga asoslanadi va yangi texnologiyalarni ishlab
chiqishda muhim o‘rin tutadi.

Dunyoda bu sohada bir gator olib borilayotgan ilmiy izlanishlarni taxlil gilsak, bir jinsli
bo'lmagan yarim o'tkazgichlarning fotomagnitoelektrik effektini o‘rganish, aynigsa,
geterostrukturali va nano-strukturali materiallar asosida olib borilmoqda. Bunday materiallar,
masalan, grafen, bidimensional materiallar (masalan, molibden disulfid) yoki kvant nuqtalar kabi
yangi materiallarda fotomagnitoelektrik effektni o‘rganish, yangi optoelektron qurilmalar
yaratishga imkon beradi.

Fotomagnitoelektrik effektni o‘rganish orqali yangi energiya samaradorligi yugori
qurilmalar va energiya tejash texnologiyalarini yaratish mumkin. Bu energiya samaradorligini
oshirishga yordam beradi, masalan, quyosh batareyalari yoki optoelektron qurilmalarini ishlashida
ko’rishimiz mumkin.

Biz esa ushbu ishimizda geterostruktura asosida olingan quyosh fotoelementining
quvvatiga magnit maydon ta’siri ko’rganmiz.

Na’munaga magnit maydon va yorug‘likni ta’sir ettirilganda ideal diod uchun olingan Shokli
ifodasi qo’yidagicha tus oladi.

R,JB
e[(pofU -U; +J (R, -AU" )+ xJ ))
epq |

i=ije" KTe -1 +|L;——Jf, 1)

u

Hosil bo’lgan (1) ifodamizga kuchlanishni ko‘paytirib fotoelementning quvvatini
ifodalovchi formula keltirib chigarib olamiz.

. e(q)o—u—u1+3((Rb-Au")+a@)]
%o !

P=|jle" T, Ay —=—3, |uU, (2)

Bu formulaga qo‘yidagi tajribalarda olingan sonli qiymatlarni qo’yish orqali quvvatni
kuchlanishga bog‘liq grafikga ega bo’lamiz (1-rasm).
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Olingan grafikdan ko‘rinadiki B ortib borgan sari fotoelementning maksimal quvvati
kamayib borar ekan.

Na’munadan o‘tayotgan tok zichligi yo‘nalishi bilan magnit maydonning yo‘nalishi
orasidagi burchak potensial to‘siq balandligiga ta’sir qiladi. Buning natijasida dioddan o‘tayotgan
tok magnit maydoning yo‘nalishiga bog‘liq bo‘ladi.

Bu esa o‘z navbatida diodning VAXiga magnit maydonnining p-n o‘tish tekisligiga qanday
yo‘nalgan ekanligiga bog‘liq bo‘ladi. Magnit maydonni induksiyasining p-n o‘tish tekisligiga
perpendikulyar yo‘nalishi bilan hosil gilingan burchagi dioddagi kuchlanishga o= P+ A(osinz a

ko‘rinishida o‘zgarishini tajribada aniglangan. Biroq bu yerda ikkinchi xad A(psinza imperik
tanlab olingan. Nazariy jihatdan asoslanmagan.

Bizga ma’lumki magnit maydonda harakatlanayotgan zaryadlarga ta’sir qiluvchi kuch
Lorens kuchi bo‘lib F =qB$sina burchak sinusining birinchi darajasiga bog‘liq bo‘ladi.

Shuning uchun na’munada yuzaga keluvchi Xoll kuchlanishi ham Sine ga pro-porsional
bo‘lishi kerak. Basharti tok kuch chiziglarining magnit magnit maydonida egilishini hisobga
oladigan bo‘lsak u holda Xoll kuchlanishi-ning p-n o‘tish tekisligiga perpendikulyar tashkil
etuvchisi yuzaga keladi. Bu esa p-n o‘tishga qo‘shilgan tashqi kuchlanishga qo‘shimcha Xoll
kuchlanishiga proporsional bo‘lgan qo‘shimcha kuchlanishni hosil bo‘lishiga olib keladi. Agarda
magnit maydoni hisobiga yuzaga keluvchi Xoll kuchlanishi bilan bog‘liq bo‘lgan potensial to‘siq
balandligini o‘zgarishini hisobga olsak, dioddan o‘tayotgan tokning magnit maydoniga
bog‘ligligini (3)ifoda ko‘rinishda yozishimiz mumkin.

epy elpp-U—U+3 (Ry-AU™)+aR Jfsina))
P=|j|e" e -1+

U-J((R,-AU")

J¢ |V, ©)

u

Bu yerda potensial to‘siqning balandligini o‘zgarishi SIN & ga proporsional bo‘ladi.
Yorug‘lik tushayotgan na’munaning VAXning magnit maydoning yo‘nalishiga bog‘liq bo‘lgan
grafik hosil bo’ladi.
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2-rasm. Magnit maydon turli yo‘nalishi 3-rasm. Magnit maydoni turli
uchun VAXni o‘zgarishi burchaklar uchun quvvatning

kuchlanishga bog‘liqlik grafigi

VAXning magnit maydon bilan tok orasidagi burchakga bog‘ligligi fotoelementning
quvvatiga ham ta’sir qiladi. VAXning (1) ifodasidan foydalanib fotoelementning quvvatini
burchakka bog‘ligligini grafiklarini olaylik. (3) rasmda fotoelement quvvatining (3) ifodalardan
foydalangan holda turli burchaklar uchun quvvatning kuchlanishga bog‘liglik grafiklari
keltirilgan.

Grafiklardan ko‘rinib turibdiki, turli burchaklar uchun quvvat grafiklari ham turlicha
bo‘lgan. & burchak 0 bo‘lgan hol uchun fotoelementning quvvati berilgan magnit maydonida eng
katta qiymatga erishgan. Shunday qilib magnit maydonining yo‘nalishini o‘zgartirish yo‘li bilan
fotoelementda ishlab chiqarilayotgan foydali quvvatga ta’sir o‘tkazish mumkin. Bu esa magnit
maydoni orgali fotoelement foydali quvvatini boshgarish imkonini beradi.

Magnit maydon, shuningdek, p-n o'tishlarning optik xususiyatlariga ham ta'sir gilishi
mumkin. Masalan, magnit maydon p-n o'tishlarining fotogeneratsiyasi va fotogoplama
jarayonlariga ta'sir etadi, bu esa fotodiodlar yoki fotovoltaik elementlarning ishlash
samaradorligini oshirishga yordam beradi.
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KICHIK QUYOSH ELEKTR STANSIYASI UCHUN AKKUMULYATOR
BATAREYALARINI TANLASH

A.U. Xaqgiqov
Farg ‘ona politexnika instituti,
O'zbekiston, 150107, Farg'ona shahar, Farg'ona ko'chasi 86
hagigovanvarjon@gmail.com

Ushbu maqgolada kichik quyosh elektr stansiyalarida foydalaniladigan akkumulyator
batareyalarini tanlash tamoyillari, ularning texnik xususiyatlari va samaradorligi o‘rganiladi.
Batareyalarning turli turlari, ularning energiya sig‘imi, xizmat muddati va samaradorligiga ta’sir
qiluvchi omillar tahlil gilinadi. Grafik va jadval ko rinishida taqdim etilgan natijalar orgali optimal
akkumulyator tanlash bo‘yicha tavsiyalar beriladi.

Bugungi kunda quyosh energiyasidan samarali foydalanish masalasi dolzarb hisoblanadi.
Quyosh elektr stansiyalarining uzluksiz ishlashini ta’minlashda akkumulyator batareyalar muhim
rol o‘ynaydi. Ular quyosh panellaridan olingan energiyani saqlash va talabga garab ta’minlash
vazifasini bajaradi. Akkumulyator batareyalarining to‘g‘ri tanlanishi tizimning umumiy
samaradorligi va iqtisodiy jihatdan foydaliligiga bevosita ta’sir qiladi.

Akkumulyatorlar texnologik xususiyatlariga ko‘ra quyidagi asosiy turlarga bo‘linadi:

Qo‘rg‘oshin-kislotali (Pb-Acid) batareyalar. Qo‘rg‘oshin-kislotali akkumulyatorlar eng
gadimgi va eng keng targalgan energiya saqlash texnologiyalaridan biridir. Ular nisbatan arzon
bo‘lib, avtomobil sanoatida, favqulodda quvvat manbalarida va kichik quyosh energiya tizimlarida
keng qo‘llaniladi. Ushbu batareyalar kam texnik xizmat talab qiladi va yuqori tok chiqarish
gobiliyatiga ega. Biroq, ularning energiya zichligi past, xizmat muddati nisbatan gisga va atrof-
mubhitga zarar yetkazishi mumkin.

Litiy-ion (Li-ion) batareyalar. Litiy-ion akkumulyatorlar yuqori energiya zichligi va uzoq
xizmat muddati bilan ajralib turadi. Ular yengil, yugori samaradorlikka ega va kam texnik xizmat
talab qgiladi. Bu batareyalar portativ elektronika, elektr transport vositalari va quyosh energiyasi
tizimlarida keng qo‘llaniladi. Ularning asosiy kamchiligi — yuqori narx va ba’zi modellarining
ortigcha qizishi tufayli xavfsizlik muammolariga ega bo‘lishi.

Nikel-kadmiy (Ni-Cd) batareyalar. Nikel-kadmiy batareyalari yuqori yuklama bardoshliligi
va uzoq xizmat muddati bilan mashhur. Ular yuqori harorat sharoitida yaxshi ishlaydi va ko‘p
marta zaryadlash-razryadlash jarayoniga bardosh bera oladi. Birog, Ni-Cd batareyalarining
kamchiligi ularning ekologik zararli ekanligi va “xotira effekti” sababli samaradorligi pasayishi
mumkinligidir.

Nikel-metal gidrid (Ni-MH) batareyalar. Nikel-metal gidrid batareyalari nikel-kadmiy
batareyalariga nisbatan ekologik toza va yuqori energiya zichligiga ega. Ular portativ qurilmalarda
va ba’zi elektr transport vositalarida keng qo‘llaniladi. Ni-MH batareyalarining asosiy kamchiligi
— yuqori o‘z-o‘zidan razryadlanish darajasi va Li-ion batareyalarga garaganda nisbatan past
samaradorlikka ega bo‘lishidir.

Sizga kerak bo'lgan batareya tizimining hajmini hisoblash uchun kunlik kilovatt-soat (kVt)
energiya sarfini baholashdan boshlang. Bu ragam sizning energiya talablaringizni gondirish uchun
zarur bo'lgan quyosh batareyalarining quvvatini aniglash uchun zarurdir. Oddiy uy xo'jaliklari
uchun 100% energiya ofsetiga mos keladigan quyosh tizimi yurtimizning aksariyat hududlarida
yoritish tizimlarni quvvatlantirish uchun bitta 10 kVt-soat batareya bilan tavsiya etilishi mumkin.
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Aniqgroq ehtiyojni aniglash uchun bir necha kun davomida uy xo'jaliklari tomonidan foydalanilgan
umumiy kVt/soatni hisoblashingiz kerak. Ehtiyojlaringizni hisoblashning soddalashtirilgan usuli:

Barcha jihozlaringizni va ularning quvvatini sanab o‘ting.

KVt/soatni olish uchun har bir qurilmaning quvvatini kuniga sarflangan soatlar soniga
ko'paytiring.

Kunlik umumiy miqdorni olish uchun barcha jihozlarning kVt/soatini qo‘shing.

Misol uchun, agar sizning uyingiz kuniga taxminan 30 kVt soat quvvat sarflasa, sizga
shunchalik ko‘p quvvat beradigan batareya tizimi kerak bo'ladi.

48V 100 Ah lityum temir fosfat batareyasi, saglash hajmi h = 48V * 100AH = 4,8 kV't / soat

Quyida turli akkumulyator batareyalarining texnik xususiyatlari jadval shaklida keltirilgan:

Akkumulyator Energiya Xizmat Samaradorlik Narx ($)
turi sig‘imi (Wh/kg) | muddati (yil) (%)

Pb-Acid 30-50 3-5 70-85 50-150
Li-ion 150-250 8-15 90-98 200-500
Ni-Cd 45-80 10-15 70-80 300-600
Ni-MH 60-120 5-10 75-85 350-700

Optimal akkumulyator tanlash quyidagi omillarga bog‘liq:

Quvvat sig‘imi — Batareyaning talab gilinadigan energiyani saglash imkoniyati.
Xizmat muddati — Uzluksiz ishlash yillari.

Narx va iqtisodiy samaradorlik — Xarajat va energiya tejamkorlik omili.

Ishlash sharoitlari — Haroratga chidamlilik, zaryadlash va razryadlash sikllari.
Akkumulyator quvvat sig‘imini aniqlash uchun quyidagi formula qo‘llaniladi:

—E Ah
C—v( )

Bu yerda: C — quvvat sig‘imi (Ah),

E —umumiy talab gilinadigan energiya (Wh),

IV — batareyaning nominal kuchlanishi (V).
Akkumulyator umumiy energiya sig‘imi:

E=Pxt (Wh)

Bu yerda: E — talab gilinadigan umumiy energiya (Wh),
P — o‘rtacha quvvat sarfi (W),
t — ishlash vaqti (soat).

Xulosa qilib aytganda maqolada kichik quyosh elektr stansiyalari uchun eng mos
akkumulyator batareyalarini tanlash bo‘yicha tavsiyalar berildi. Tahlil natijalariga ko‘ra, Li-ion
batareyalari yugori samaradorlik va uzog xizmat muddati tufayli eng magbul variant sifatida
tavsiya etiladi. Biroq, iqtisodiy jihatdan arzonroq variantlar uchun qo‘rg‘oshin-kislotali
batareyalar ham mugqobil tanlov bo‘lishi mumkin. Tanlovda texnik va iqtisodiy omillarni hisobga
olish muhim ahamiyat kasb etadi.
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CBOBOITHOITIOTOYHBIE MUKPO-I'IC KAK NEPCIIEKTABHBIN
HUCTOYHUK BO3OFHOBJIIEMOM YHEPT MU B ®EPTAHCKOM JIOJIMHE

C.®. Dprames, Y.C. Pycramos, JI. Bornpos”
DepeancKutl NOIUMEXHUYECKUL UHCTMUNLYM
Vsoexucman, 150107, e. @epeana, ya. @epeanckas, 86
“nnshoxnoza@gmail.com

PocT moTpebiieHrs U yIOpOKaHKUE AICKTPOIHEPTUHA B COBPEMEHHBIX YCIOBHUSX TPEOYIOT
aKTUBHOTO BHEJIPEHUs JHeprocOeperaromux TexHogorui. OaHako, JHaxe HUX MIMPOKOe
pUMEHEHHE MTO3BOJISICT CHU3UTH dHEpro3arparsl uiib Ha 10—15%, 4o He oOecrieynBaeT moHou
KOMIICHCAIIMHN PACXOIYyEMBIX SHEPropecypcoB. B cBsi3M ¢ 3TUM CTAaHOBUTCS aKTyaJbHBIM MOMCK
aJIbTEPHATHBHBIX BO300OHOBIISIEMBIX HCTOYHHUKOB JHEPTUH, CPEAM KOTOPBIX THIPOIHEPIreTHKA
3aHMMAET OJHO U3 Beaylmux Mect [1,2].

AHaM3 THAPOIHEPTETUYCCKOTO MOTEHIIMAIa BOJOOTBOIANINX KaHAJIOB U pek Ddepranckoi
JOJIUHBI TIOKA3bIBA€T BBICOKYIO IEPCHEKTUBHOCTh BHEIPEHHUS MallbIX CBOOOHOMOTOYHBIX
MuKporuapoaiekrpoctaniuii (Mukpo-I'2C) ¢ equnnuHoi MoiHOCThIO OT 0,5 1o 100 kBt [3].
Pa3zpaboTka u BHEIpeHHE aBTOHOMHBIX, aBTOMATU3HPOBAHHBIX MUKPO-I" IC 0COOCHHO BayKHBI ISt
CEJIBCKOXO035UCTBEHHOTO CEKTOPA, HY>KJAIOIIET0Cs B IOCTYITHOW M CTAOMIIBHON JIEKTPOIHEPTUU
[4]. KitoueBbIM MPEUMYIIECTBOM TAaKMX YCTAHOBOK SIBJISIETCS BO3MOXHOCTh MX WHTETPALIUH B
CYIIECTBYIOIIKE BOJOOTBOIAIINE KaHATBI 0€3 3HAYUTENbHBIX U3MEHEHUN B HHPpacTpyKType [5].

IMuapoauHaMuYecKre mapamMeTpbl BOAOOTBOASAIIMX KaHAIOB

BoNbIIMHCTBO HPPUTAITMOHHBIX CUCTEM perruoHa GYHKIIHOHUPYIOT B CAMOTEYHOM PEKUME.
CornacHo uccienoBanusaM [6], pacxoa BOJbI B 3TUX KaHajaxX Bapbupyercs B Auana3one ot 0,1 go
100 m?/c, a ckopocTh TeueHus cocrasisier 0,5-5 m/c.

DHePreTUYeCKU MOTEHIIMAT BOJIHOTO MTOTOKA MOKHO OTPEIETUTh 10 popmyIie:

NQ=pgH
rae:
p — IUIOTHOCTh BOABI, KI/M?;
g — yCKOpeHHe CBOOOHOTO HaleH s, M/C?;
H — pabouwuii Hamop, M;
Q — pacxon BoabI, M*/c.

dakTuyeckas MOIIHOCTH rupoarperata (Nra) Bcerjia HUxe, 4eM TeopeTudeckasi MOIIHOCTh
MOTOKA, TaK KaK YYHUTBHIBAIOTCS MOTEPHU SHEPruu Ha rujapaBiandeckue comnpotusieHus u KIIJ]
YCTaHOBKH:

Nra=pgHQnx
rae NK — rugpasnnyeckuit KI1/1 yctaHoBKH.

Kpowme Toro, anekrpuyeckast MOIHOCTh reHeparopa (Pra) Oyaer emeE MeHble n3-3a moTepb
B [IEPEJATOYHBIX MEXaHN3MAaX U CAMOM T'€HepaTope.

[lepcnektuBHple TexHonoruun MuUkpo-I'DC. B ycnoBusix ®epraHckodl  JOJIMHBI
€CTECTBEHHBIN TIepenaj BBICOT B OOJBIIMHCTBE cliydaeB He mpesbimaer 0,5-5 M, 4ro aemaer
HeIleJIeCO00pa3HbIM UCIOJIB30BAaHUE TPAIUITMOHHBIX JAepUBAIMOHHBIX MUKpO-I'DC. B cBs3u ¢
STUM HauOOJIBIINI UHTEPEC MPEAICTABIISAIOT CIETYIOIINE TUIIBI YCTaHOBOK:
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1. Mukpo-I'DC nHa BoasgHbIx Kon€cax. JlaHHbIi TMn Mukpo-I'DC ucnonb3yeTcs NMpu MabIX
nepenagax BbicoT. KIIJ[ coBpeMeHHbIX BOJsiHBIX KojiEc mocturaer 90%, uro nemaer ux
KOHKYPEHTOCTIOCOOHBIMH c TPaIUIIMOHHBIMH THJIPOTYPOMHAMH.
[Tpumep: B ®deprane Ha kanajge MaprenaHcaii Obl1a yctaHoBiIeHa MUKPO-I"DC Ha BOASIHBIX
konécax. [Ipu mepenazae BoIcOT 4 M M pacxojie Bojbl 4 M*/c oHa reHepupoBaiia 10 50 kBt 9
AIEKTPOIHEPTHH.

2. BognoBuxpessie Mukpo-I'9C (Wasserwirbeltechnik). Otot nepcnexktuBHbiii TUIT MUKpPO-1DC,
paspaborannbii  @pannem Ilotnérepepom (Franz Zotloterer), mo3BosisieT 3¢hdeKTUBHO
UCIIOJIB30BaTh MaJble nepenazsl BBICOT (1-3 M).
[Tpumep: B aBcTpuiickom ropoake O6eprpadennopd BogoBuxpenast Mukpo-I"9C npu Harope
1,2 M 1 pacxone Boabl 1 M*/c obecrieunBaia reHepanuio 9,5 kBt -4 anexTposHeprum.

KonngecTBo reHeprpyeMoil SHEPTHH PACCUUTHIBACTCS 110 YPABHEHUIO:

P=n(Wit+Wopot)
rae: Wi=nm(Mr)? — KnHeTH4ecKas SHeprus HoToka, JIx;
Wpot=mgh — nmoTeHnuanbHast SHeprusi moToka, Jx.

KII/I BOIOBHUXpEBBIX YCTAaHOBOK JocTUTaET 65—75%, uTo Aenaer ux 3QGEeKTHBHBIMH MPH
CBOOOJTHOM TEUEHHH BOJIBI.

JononuurensHsle npeumyiiectBa MuUkpo-I'OC. OgHuM M3 3HAYMMBIX I[PEUMYIIECTB
JAHHBIX YCTAHOBOK SBIISIETCS MX CHOCOOHOCTh K adpauuu Bonbl. [Ipum BpamieHuu JonacTHOU
Typ6unsl (10-15 006/MUH) MPOUCXOOUT HACHIIIEHUE BOJIBI KUCIOPOJOM, YTO CIIOCOOCTBYET
YIYYIIEHUIO KauecTBa BOJIbI M €€ OUUCTKE OT 3arps3HAIOLIMX BEecTB. DTOT 3P (eKT 0COOEHHO
NOJIE3€H Il MPPUTALIMOHHBIX KaHAJIOB, e TpeOyeTcs noaaepxkanue O1oIoru4eckoro oauaHca.

HccnenoBanue nokasaio, 4To cBOOOAHONOTOYHbIE MUKPO-I" DC SBNIAIOTCSA MEPCIEKTUBHBIM
pemenrieM st PepraHckoil AONMHMHBI, OOecreunBas SKOHOMUYHYIO W JKOJIOTHYECKH YHCTYIO
ANIEKTPOIHEPTHI0. ONTUMANBHBIMU ISl TaHHBIX YCIIOBHH SBISIOTCS MUKpO-I'DC Ha BOISHBIX
KoJi€caX M BOJOBUXPEBBIC YCTaHOBKH, obOnamaromue BbicokuM KIIJ[ mpu manbsix mepemamax
BbIcOT. Kpome Toro, oHM CrocoOCTBYIOT a’palluu BOJbI, yiayuiias e€ xadectBo. [lanbHeliue
uccieI0BaHus ¥ pa3paboTka 3 (PEeKTUBHBIX cucTeM yrpaBieHust MUKpo-I"9C MoryT 3HauuTEIHHO
HOBBICUTH UX PACIPOCTPAHEHUE B PETHOHE.

Hcnonb3oBaHHbIE INTEPATypa
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ZAMONAVIY QUYOSH ELEMENTLARINING ASOSIY FOTOELEKTRIK
PARAMETRLARINI TAJRIBADA ANIQLASH

M.A. Alinazarova
Namangan viloyati pedagogik mahorat markazi

Turli yarimo‘tkazgich materiallar asosidagi quyosh elementlarining tajriba namunalarini
o‘rganish maqgsadida “Sinton Instrument Suns-Voc” standart qurilmasidan foydalaniladi.
Boshgacha aytganda, bir kompleks dasturiy ta’minot asosida kremniy kristalidagi zaryad
tashuvchilar yashash vagtlarini va Quyosh elementlarining Volt-Amper xarakteristikalarini
o‘lchash ta’minlangan. Quyosh elementlarining Volt-Amper xarakteristikalarini o‘lchash
jarayonlarida zaryad tashuvchilarning yashash vaqtalrining fotogeneratsiyalangan zaryad
tashuvchilar kontsentratsiyasiga bog‘ligligi, yoritilganlikning vaqt davomida o‘zgarishi va salt
ishlash kuchlanishining yoritilganlikka bog‘ligligini o‘lchash imkoniyati yaratilgan. Kremniy
asosli Quyosh elementlarining kompleks harakteristikalarini qisqa vaqt oralig‘ida “Sinton
Instrument Suns-Voc” qurilmasi yordamida o‘lchash mumkin. Qisqa 13 ms vaqt oralig‘ida
o‘lchangan kompleks xarakteristikalarning umumiy ko‘rinishi monokristal kremniy Quyosh
elementlari uchun 1-rasmdagidek ko‘rinishda bo‘ladi. 1-rasmdagi ma’lumotlardan aniqlash
mumkinki, bunday quyosh elementining Volt-Amper xarakteristikasi yuqori sifatda bo‘lib, uning
to‘ldirish koeffitsiyenti FF = 0,802 ni va FIK esa = 17,01 % ni tashkil etadi. Quyosh elementining
(diod) noideallik koeffitsiyenti esa yoritilganlika darajasiga bog‘liq holda o‘zgaruvchan
giymatlarga ega. Yorutilganlik 0,1 Quyosh vyoritilganlikdan 1,0 Quyosh yoritilganlikkacha
ortganda noideallik koeffitsiyenti no1 = 1,224 dan n10 = 1,149 gacha o‘zgaradi. “Sinton Instrument
Suns-Voc” qurilmaning dasturiy ta’minoti o‘lchash natijalarini Exell jadvali shaklida komputerga
export qilishga imkon beradi. Ana shunday holatlarga mansub ma’lumotlar monokristal kremniy
Quyosh elementlari uchun 2. 6.8-rasmda keltirilgan.

2 - rasmda (a) berilgan Volt-Amper xarakteristikadan ko‘rinadiki, monokristal kremniy
Quyosh elementlari uchun gisga tutashuv tokining zichligi Jg: = 35 mA/cm™2 ni, salt ishlash
kuchlanishi esa Usi = 0,62 V ni tashkil etadi. Maksimal quvvat nuqtasi esa, mos ravishda Jn = 33
mA/cm ni, salt ishlash kuchlanishi esa Un = 0,58 V ga tog'ri keladi. 2 - rasmda (a) shuningdek
fotoelektrik quvvatning fotokuchlanishga bog‘liglik grafigi ham keltirilgan, uning qiymatlari o‘ng
chetdagi vertical ogga joylasgtirilgan.

Bunday natijalarni tushuntirish uchun 2 - rasmda (b) Kkeltirilgan kremniyning
fotoo‘tkazuvchanligining o°zgarishini e’tiborga olish mumkin.

2-rasmda ifodalangan “Sinton Instrument Suns-Voc” qurilmasi yordamida o‘lchangan
kremniy asosli Quyosh elementining harakteristikasi, jumladan (b) yoritilganlik va kuchlanishning
vaqt davomida o‘zgarishi dinamikasidan ko‘rinadiki, yoritilganlik deyarli 3 tartibga kamayganda
elementdagi kuchlanish 40 % gagina pasayadi. Bundan kelib chiqadiki, yorug‘lik oqimining
o‘zgarishi bilan generatsiya-rekombinatsiya mexanizmlarining o‘zgarishi ham katta rol o‘ynashi
mumkin. Generatsiya-rekombinatsiya mexanizmlarining o‘zgarishini odatda (diod) p-n-o‘tishning
noideallik koeffitsiyenti migdori orgali baholash mumkin. Darhagigat monokristal kremniy asosli
Quyosh elementi uchun yoritilganlik 0,1 Quyosh yoritilganlikdan 1,0 Quyosh yoritilganlikkacha
ortganda noideallik koeffitsiyenti no1 = 1,224 dan n1p = 1,149 gacha o‘zgaradi. Bunday holatda
to‘yinish tokining zichligi ham Jo1 = 7,77x10™*2 Alsm? dan Joz = 4,89%10°® A/sm? gacha o‘zgaradi
va zaryad tashuvchilarning o‘rtacha yashash vaqti 8,76 us ni tashkil etadi.
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a)
2-rasm. “Sinton Instrument Suns-Voc” qurilmasi yordamida o‘lchangan
monokristal kremniy asosli Quyosh elementlarining harakteristikalari: a) fototok va
quvvatning kuchlanishga bog‘liqligi; b) yoritilganlik va kuchlanishning vaqt davomida
o‘zgarishi grafigi

b)

Foydalanilgan adabiyotlar ro’yhati

1. K.3usutauHoB «MOHO - Ba MOJUKPHUCTAIIT KPEMHUI acOCHIaru p-N-CTpyKTypalapHUHT
(OTO3IEKTPUK XapaKTepUCTHKAApUra XapOpaTHUHI TabCUPW», AMCCepTanus aBTopedeparw,
uxtucociuk: 01.04.07 — KonneHncupnanran xonar ¢usukacu (¢pusznka-maremMaTtuka QgaHiapu),
®daprona nonurexHuka nHctutyTH. 2021, -52 c.
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2. Pa3paboTka  KpeMHHEBBIX  MHOTOCTOPOHHE  OCBEIIAEMBIX  COJHEYHBIX
(OTO3IEKTPUUECKUX TeHepaTopoB. JMcC. Ha COMCKAaHUE YUYEHOHM cTeneHH JOKTopa ¢uinocopuu
(PhD) mo cmemn. 05.05.06 — DHEproycTaHOBKM Ha OCHOBE BO30OHOBIISIEMBIX BHJIOB JHEPIHU.
OepllH, 2023, -142 c.

3. E.b.Uy6enko, A.JI.Honruii, A.A.Kneimmko IIpeoOpazoBarenu sHEprHu Ha OCHOBE
CTPYKTYP MAaKpOIOPHUCTBIM KpeMHUi/okcun 1mHKA. // COOpHHUK MaTepuanioB  4-ou
Mexnynaponnori Hayunoit Kondepennun «Matepuaibl M CTPYKTYPhl COBPEMEHHOM
AJIEKTPOHUKNY, 23—24 centsops 2010 r., Munck, bemapycs. C. 77-80.
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7-°Co -NURLANISHINI BAMBUK TOLALARINING ELEKTROFIZIK
XOSSALARIGA TA’SIRINI TADQIQ QILISH

A.T. Mamadalimov!?, N.K.Xakimova?!, Sh.M. Norbekov?
Y0 2MU huzuridagi Yarimo ‘tkazgichlar fizikasi va mikroelektronika ilmiy-tadgigot instituti
2Mirzo Ulug bek nomidagi O zbekiston Milliy universiteti
3Toshkent menejment va iqtisodiyot instituti

Adabiyotlarga ko‘ra, bilamizki yuqori energiyali zarralar va y-kvantlarning nur ta’sirlari
yarimo ‘tkazgichlarning fizik xususiyatlariga ta’sir qilish uchun juda samarali vositadir. Yuqori
energiyali nurlanishda hosil bo‘ladigan kristall panjara nugsonlarini o‘rganish va kristall xossalari,
shuningdek unda hosil bo‘ladigan nugsonlar o‘rtasidagi bog‘liglikni aniglash katta ilmiy gizigish
uyg‘otadi va zamonaviy qattiq jismlar fizikasining asosiy dolzarb muammolariga kiradi. Ushbu
ishning magqsadi y-*°Co izotopi nurlanish manbai bilan turli dozalarda nurlantirilgan bambuk
tolalari (BT) namunalarining elektrofizik xususiyatlarini o‘rganishdan iborat. Nurlanish manbai
sifatida y-°°Co tanlangan, sababi sun’iy radionuklid bo‘lgan y-*°Co hozirda eng ko*p ishlatiladigan
y-nur nurlanish manbai hisoblanadi. Bundan tashqgari, kobalt manbai keng nurlanish maydoni bilan
ajralib turadigan afzalliklarga ega va namunalarni tajribaning bir xil partiyasiga joylashtirish
mumkin.

Yarimo‘tkazgichlarga radiatsiya bilan ishlov berishning afzalliklari, ta’sir qilayotgan
dozalarni yuqori aniglikda nazorat qilish va materiallarda gat'iy belgilangan konsentratsiyalarda
ma’lum turdagi nugsonlarni hosil qilish imkoniyatidadir. Radiaktiv ya’ni, bombardimon
zarrachalardan, panjara atomiga o‘tkaziladigan energiya, atomni panjara joyidan siljitish uchun
zarur bo‘lgan chegara energiyasidan oshib ketganda, oddiy nugsonlar (Frenkel juftlari,
shuningdek, fazoviy ajratilgan bo‘sh joylar va oraliq atomlar) hosil bo‘ladi. Ushbu maydonlar
nugsonli klasterlar deb ataladi. Nurlanish ostida Frenkel juftlari (vakansiyalar va interstitsial
atomlar) harakatchanligini juda past haroratlarda ham yo‘qotmaydi [1-2].

Tadgigot doirasida, umumiy nurlanish dozasi 65.73 ren/s miqdordagi nurlanish manbaiga
ega bo‘lgan y-°Co izolyatsion muhit kapsulasi (qudug) tanlab olindi va tadgicot namunalari
vazifasiga garab 0.5 soatdan 120 soatgacha bo‘lgan vaqt diapazonida nurlantirildi. Tajriba
ob'ektlari sifatida bambuk tolalari tanlangan.

Tajribalarda turli dozalarda nurlantirilgan va yod bilan legirlangan BT namunalari,
tozalangan va ishlov berilmagan namunalariga nisbatan o‘tkazuvchanligi nurlanish dozasiga
bog‘liq holda sezilarliy miqdorda oshganligi kuzatildi.

1-rasmda y-GOCo nurlanish manbai bilan 1.2-10° ren, 2.8-10° ren, 5.7-10° ren, 28.4-10° ren
miqdorda nurlantirilgan BT namunalarining VAX ko‘rsatilgan. Barcha namunalarning geometrik
o‘lchami va massasi bir xil.

1-rasmda ishlov berilmagan (tozalangan) BT namunasi (a chiziq) legirlanmagan faqat y-
®Co nurlanish manbasi bilan 1.2:10° ren, 2.8-10° ren, 5.7-10° ren, 28.4-10° ren miqdorda
nurlantirilgan (b, c, d, e chiziglar) namunalar bilan solishtirilgan.
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3.0

U (V)

1-rasm. y-5°Co nurlanish manbasi bilan ishlov berilgan va yod bilan legirlangan BT
namunalarining VAX

Natijalarga ko‘ra, y-nur bilan ishlov berilgan namunalarning o‘tkazuvchanligi, nur dozasi
ortishi tartibida ortgan. Birinchi 5 soatlik nurlanish dozasidan keyingi dozlarda yuqori sezilarliy
darajada ortmaganligi kuzatildi. Ammo turli dozalarda y-nur bilan ishlov berilgan va yod bilan
legirlangan namunalarda buning aksini ko‘rishimiz mumkin. 1-rasmda ishlov berilmagan (1-a),
yod bilan legirlangan (2) va mos ravishda y-*°Co nurlanish manbasi bilan 1.2-10° ren, 2.8-10° ren,
5.7-10° ren, 28.4-10° ren migdorda nurlantirilgan hamda yod bilan legirlangan (3), (4), (5), (6)
chiziqlar. Natijalarga ko‘ra, faqat yod bilan legirlangan namunadan o‘tayotgan tok 100 V
kuchlanishda 1=8.9 nA ni tashkil gilgan va radiaktiv ishlov berilgan namunalarda esa nurlantirish
dozasiga bog‘liq holda 1=56 nA gacha tok o‘tganligi kuzatildi.
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1000/T (K1)
2-rasm. y-%°Co nurlanish manbasi bilan nurlantirilgan va yod bilan legirlangan BT
tok kuchini haroratga bog‘liqligi
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Agar yarimo‘tkazgichda donor yoki akseptor sath hosil qiluvchi aralashmalar mavjud
bo‘lsa ham, mutlaq nol haroratda yarimo*tkazgichda umuman erkin elektron (yoki kovak) mavjud
bo‘lmaydi. Harorat ko‘tarilganda kiritma elektronlari birinchi bo‘lib ajralib chigadi, chunki kiritma
hosil gilgan sathning (donor yoki akseptor) faollanish energiyasi yarimo‘tkazgich atomlarining
faollanish energiyasidan ancha past bo‘ladi. Haroratning yanada oshishi kiritma atomlarining
ionlanishiga olib keladi va shundan keyingina yarimo‘tkazgichning ichki elektr o‘tkazuvchanligi
paydo bo‘ladi.

v-°Co nurlanish manbasi bilan nurlantirilgan va yod bilan legirlangan BT namunasida
elektr o‘tkazuvchanligining haroratga bog‘liqligi o‘rganildi (2-rasm). Rasmdan ko‘rinib turibdiki,
+20+ 85 °C harorat oralig‘ida I elektr toki aktivlanish energiyasi Et=0,49 eV bilan eksponensial
o‘sadi. Buning sababi radioaktiv ishlov berilgan BT tarkibidagi yod Et= E.-0,49 eV chuqur sath
hosil gilishi bilan bog‘liq. Bu shuni ko‘rsatadiki, asosiy holatda elektronlarning yod molekulasidan
BT o‘tishi energetik jihatdan qulaydir.

Bundan xulosa qiladigan bo‘lsak y-nur ta’sir qilayotgan dozasiga bog‘liq holda BT
namunasida qo‘shimcha nugsonlar hosil giladi. Buning natijasida BT namunasiga Kiritilayotgan
yod y-nur ta’sirida hosil bo‘lgan nugsonlarga tashqi harorat ta’sirida osongina joylashib oladi.
Buning natijasida nugsonlarga o‘tirgan yod taqiqlangan zonada energetik sath hosil qiladi.

Adabiyotlar
1. Watkins G.D. EPR and optical absorption studies in irradiated semiconductors, in:
Radiation Effects in Semiconductors // Plenum Press. New York. 1968. pp. 67-81.
2. Gaidar G.P. Changes in Hall parameters after y-irradiation (°Co) of n-Ge // Semiconductor
Physics, Quantum Electronics & Optoelectronics. 2011. V.14. | 3. Pp. 294-297.

HUK-CIHEKTPBI p-Si JETHPOBAHHOI'O Tb U Tm

A.A.CaiinumoB, ®.b.Ymapos
Hayuno-uccreoosamenvckuil uncmumym usuku noaynpo8ooHUKO8 u
MuKpoanekmponuxu npu Hayuonanonom ynueepcumeme Y3zoexucmana um. M. Ynyzoexa.

OpHMM U3 BaXKHBIX BOMPOCOB sBJseTCs BIusHUE P3D Ha anekrpuyeckue cBoicTBa. B
OOJIBIIIMHCTBE CBOEM aTOMBI 3aMENICHHs BEAyT ce0s Kak HM303JIEKTPOHHBIC, W BIUSHUC Ha
JJICKTPUYECKHUE CBOWCTBA B OCHOBHOM CBOJHTCS K «OYHUCTKE» MaTepuayia. BiusHue xe
OJIMHOYHBIX aTOMOB P33 Ha KHHETHYECKHE SABJICHUS B TIOTYIPOBOIHUKAX KaK IIEHTPOB PACCETHUS
n3ydeHo mano. VckmouenrueM siBasieTcst uTTepOuit B hochue NS, Ha KOTOPOM OOHAPYKEHO
PE30HAHCHOE paccestHhe dJIeKTPOHOB. TeM He MeHee ATa mpobiema, 6e3yCcIOBHO, MPEACTABIISAET
unrepec [1].

Jl7is SKCTIepUMEHTaIbHOTO M3Y4YeHUs BIUsHUSA P30 Ha XapakTepUCTHKH MOHOKPHCTAJUIA
KpEMHUSI HaMHU OBUIM HCTOJB30BaHBI OOpa3Ibl KPEeMHHS P-THUIMA TPOBOJUMOCTH. Y IeIbHOE
COTPOTUBIIEHUE UCXOIHBIX 00Pa3I0B, KOTOPbIE ObUIM M3MEPEHBI C oMoIIbio ¢ dekra Xoa,
18-20 Owm-cM, TOABMXKHOCTH OCHOBHBIX HocHTenen 3apsiaa 400 cm?/B-c, KOHIIEHTpaLHs
ocHOBHBIX HocuTenei 4,17 - 101* cm™3 coorsercTBenno. KoHleHTpamys onTHYECKH akKTUBHOTO
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KHCIOpPOJa M yIIepoja M3MEPEHHBIX ¢ noMolbio MK-Dypbe cHeKTpoMeTpa COCTABIAIO IS
Ny =7,4-107 cm™3u N = 0,210 cm™3 coorBeTcTBEHHO.
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Puc. 1. UK-cnexktp o6pa3uos Si

JUisg uccnenoBaHUs M3MEHEHHUS KOHLEHTpPAlMM ONTHYECKH AKTHUBHOTO KHCIOpOAa U
yraepoaa 6bu1 ucnoas3oBad MK-®ypoe cnexktpomerp @CM-2201. [Monyuennsiit UK-criektpsl
00pa310B U pe3yabTaThl OLIEHKH KOHIEHTPALMU KUCJIOPOa U yIiIepo/ia MpeACTaBlIeHbl B puc. 1 u
Tabi. 1 COOTBETCTBEHHO.

Taoauna 1.
Ne Oo6pa3zen Kucopon Yraepon
1. p-Si 7,702x10%7 0,103x10%’
2. p-Si (TO) 6,472x10%7 0,20x10%’
3. p-Si<Th> 1,760x10% 0,106x10%7
4. p-Si<Tm> 7,209x10%7 0,069x10%’

Kak BugHO u3 Tabnuuel 1 u puc. 1, B pedynbrare Auddy3un peako3eMenbHbIX HIEMEHTOB
B MOHOKPHUCTAJUIMYECKUNA KPEMHHM, COJIEP)KaHUE ONTUYECKH aKTHBHOI'O KUCJIOpOZa U yriiepoja
OTHOCHUTEIIEHO UCXOHBIX JaHHBIX YMEHbIIUIOCH 710 40 %. UTO CBUIETENHCTBYET 00 NX aKTHBHOM
B3aMMOJICICTBHE C aTOMaMU KHCIIOpO/ia U YIIIepoJia B KPUCTAUIMYECKON CTPYKType 00pa31ioB.

B nocTynmHBIX HaMm JIHUTEpAaTypHBIX JAHHBIX HE MMEIOTCS JaHHbIE 00 3JIEeKTPHYECKON
aktuBHOCTH P33 B kpemuuu. Kpome Toro, paznuiia KoBaJIeHTHbIX paanycoB P33 u MaTpuuHOro
3JIEMEHTA, TEOPETUYECKH YKa3bIBAaeT Ha TO, yTo P33 B KpeMHUHU HE MOTYT 00pa3oBaTh TBEPIbIH
pacTBOp 3aMEUIEHMs], TO €CTh BEPOATHOCTb TOrO, YTOo P3D okakeTcs B y3/ie KpUCTAIIIMYECKON
pemeTku o4eHb Mana. [Ipu 3aMenieHnn aToMoB B KpUCTAJINIMYECKON pelieTke atoMel P30, usz-3a
0O0JIBIIOrO Pa3IMyMsl KOBAJEHTHBIX PAJMYCOB IIPUMECHBIE aTOMBI CO3/al0T TOUCUHBIE IE(EKTHI C
MOBBILICHHON yIpyroi nedopMauu BOKPYT aTroma.
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METOABbI TEOPUU KATACTPO® B MOJAEJIMPOBAHUU PAJIMAITMOHHBIX
IMPOLOECCOB B KOHAEHCHUPOBAHHBIX )KUBbIX U HEXKUBbIX OB BEKTAX

I'.AxmaroBal, ®.A.Uckangaposa’, P.Uopoxumos’

YUnemumym mamepuanosedenus HIT0 « Dusuxa-Connyey Axademuu nayk Pecnybnuxu
2[{enmp paszeumus nanomexnonouu npu Hayuonanonom Ynusepcumeme Ysbexucmana
umenu Mupso Ynyebexa

CoBpeMeHHass paaualMoHHas (U3MKa CBsA3aHAa C BO3JCHCTBHEM Ha TaK Ha3blBaeMble
CJIO)KHBIE OOBEKTHI, TAaK 4YTO IPH TEOPETUYECKOM MX M3YYEHHU OKa3aJoCh HEOOXOIUMBIM
NPUMEHATh HOBYIO KoHIenuuio «Complexity» (cm. Hamp. [1]). DTa koHuenius 6a3upyercs Ha
MCIIOJIb30BaHUU JABYX KPYIHKX IMOJX0JI0B CHHEPTeTUKU U CHHEPTUCTUKU. B 3T0# cxeme ocoOblit
MHTEPEC BBI3BIBAIOT MEXAaHU3MBbI, MPUBOJALINE K POXKIECHHUIO HOBOIO, YTO CTAJl0 HA3bIBAThCS
CHEIHAIbHBIM TEPMUHOM <3MEPKEHTHOCTh». C 0CTaTOYHON HaJEeKHOCTHbIO MOYKHO CUMTATh,
4TO, 3Ta SMEPKEHTHOCTh CBA3aHAa MMEHHO C HEJIMHEHHOCThIO, KOTOpas B Oosiee 00IeM
KOHTEKCTE O0O0YCIIOBJIEHA CHHEPTU3MOM MOJ KOTOPBIM ITOHMMAETCsI COBMECTHBIE JEHCTBUS
PasHOPOAHBIX (AaKTOPOB COBMECTHOrO Bo3AeWcTBUSA. CHCTEMAaTHUYEeCKUH aHAIM3 CHHEpru3Ma B
obmactu POKC nemaer mnepBble maru [2]; naHHas paboTa CYIIECTBEHHO pa3BHBAET 3TO
HalpaBJICHUE.

[IpuMep CHHEPrUCTHUKHM JAEMOHCTPUPYET PHUCYHOK 1, OTHOCALMUCA K pagualyOHHOU
Ouonoruu.

3/ech MOKa3aHO Kak JBa pa3jMyYHbIX (akTopa BO3AECUCTBUS (MOHU3ALMA U CTOPOHHHM
nporpeB 00bEeKTa) peaqu3yioT YHUUTOKEHHE PAaKOBBIX KJIETOK [3]. BU1HO, 4TO pakoBbIe KIETKU
YHUYTOXKAIOTCS KaK MPU pa3/esIbHbIM BO3AECUCTBUH, KaXIbIM U3 (aKTOPOB JMHUU 1 U 2, U Kak
JIOJDKHO OBLIO OBbI BRITJIAJIETh UX COBMECTHOE BO3JEHCTBHU NMPHU MPOCTOH aJUTUBHOCTU (JIMHUS
3) — mpocrast cymma 3¢ ¢dexToB. OHAKO B peaIbHOCTH MMeeM dPPEKT: alAUNTUBHOCTD MPOTIaIaeT
U TposIBIIsieTcs HEeNMMHEWHbIN 3¢ dekt ycuneHuss coBMmectHoro aeiictBust (nuuusi 4). KakoBbl
MEXaHU3MBbI ATOTO HeMnHEeWHOTo A dexra? JIJis BRIICHEHUS STOTO KHUBOTPETICIYIIIETO BOpoca
MO>XHO HCITOJIb30BaTh 4YeThIpexcramuiinyto cxemy I[lmarmmana-Crapomy6rieBa (1952-1960rr.),
BKJIIOYAIOILIYI0 MOCIEA0BATEIbHOCTh YEThIPpEX CTAaIuu: (PU3NYECKYI0, (U3UKO-XUMHYECKYIO,
XUMHUYECKYIO, OMOJIOTHYECKYI0, YTOOBI BEISICHUTD, KaK MATh 0a30BbIX KaHAJIOB Iepeadu SHEPIUn
OT paJiMallvy K BELECTBY (MOHU3ALUs, YIPYIHH yaap, TEMIO, YIPYTHe BOJIHBI, yapHbIE BOJIHBI),
KOMOMHHPOBAHHO BO3/ICHUCTBYS, IPOSBISIOTCS HA KaXI0H cTafauu. [ e poxkaaeTcs HeTHHEIHOCTh
(3MepIKEHTHOCTH)? !
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Puc. 1. [Ipumep konmudecTBEHHOH OLIEHKH KO3 (DUILIMEHTa CHHEPTUYECKOT0 ycuineHus [3].

OTBeT TakoOB: AMEPKEHTHOCTh MOXKET POXKAAThCA Ha JIO00W M3 MEePEeUYUCIICHHBIX BBIIIE
craguii. HanGonee 3¢ (hekTHBHBIM METOJJOM OTBETOM Ha 3TOT BOIPOC SIBIISICTCS (HA HAII B3TJIS)
MCIIOJIb30BaHUE MOJICIMPOBAHUSI MAaKpO M MHKpPOIIPOLIECCOB C IOMOIIBIO METO/J0B TEOPUU
karactpo¢ [4-5]. CormacHo aBtopy, 3roil Teopum P.Tomy (1972r.), nns momenupoBaHUS
UCTIONIB3YETCS CIEAYIOIAs TPOIEeaypa, 2 (hakTopa BO3ACUCTBHS Pa3ITUIHON IPUPOIBI ITOJIATAIOTCS
VIPaBISIOMUMHU TTapaMeTpamu, a cam 3(Q¢eKT paspbiBa CBSA3M CIEAyeT Ha3BaTh MapaMeTpoM
HopsiKa.

AHau3 MeTolaMH TEOpeTUYEeCKOH (U3MKM JaeT HEKOTOpOE HEIMHEWHOE BBIPAXKEHHE
napameTrpa MHopsjika 4Yepe3 yIpaBlsiollue mapameTpbl. B pesynbrare, ecinm TeopeTHUecKas
MoJieJb BbIOpaHa NpPaBWIbHO, TO (B oO0s3arenbHOM mopsake!) rpaduueckoe uzoOpakeHue,
yKa3aHHOH BbIIIe ()YHKIIMH, JOJDKHO BBITIISACTH KaK Ha pUCYHKE 2. DTO — TaK Ha3bIBaeMasl IpsiMast
3a/1aua TeoOpun KaTacTpod, HO BOZMOXKHO U 0OpaTHas 3aaaya [S].
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Puc. 2. Karacrpoda Coopka, n3o0paxkaemasi HOBEPXHOCTBIO YHHTH, coAepKamas 5
¢aaros karacrpog [S].

Cytb MeToaa Teopun katactpod: P.Tom cBs3an ceMb yHUBEpPCAIbHBIX CIIy4aeB — BUIOB
MIOBEPXHOCTEHN C TUIIAMH BCEBO3MOKHBIX HEYCTOMYMBOCTEN OTBEYAIOIINX Pa3IMYHBIM IIpoLeccam
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npupoabl  (Hekud aHanor Tabmuiel MenneneeBa). KoopauHaTel 3THX MHOTOMEPHBIX
MOBEPXHOCTEH JETIINCh Ha TTapaMeTPhl OPSAKA M YIIPABIISIONINE TapaMeTPhl MeXKIY KOTOPHIMU
peau3yIoTCsl YHUBEpCAIbHBIC alreOpandeckie ypaBHEHU. 3a1aBasiCh OMPEICIIEHHON MOICITBIO
M3y4aeMOro sSIBJICHHSI CIIEAYET MOAOTHATH COOTBETCTBYIONINE YpaBHEHHUS 101 BeipaxkeHus P. Toma.
Ecnu 9T0 OKa3bIiBaeTCss BOBMOXKHBIM, TO MOJIe]Ib — HCTHHHO BepHAasi; B POTUBHOM CiTydae OHa
TpeOyeT 3aMeHbl. DTa METO0JIOTHS HaMH ObljIa MCIIOJIb30BaHA B HECKOJIbKHX CIydasx:

1. BrisiBieHne MexaHusma AecTpykinuu Bupyca SARS-2V ¢ moMomipo Bo3aeHCTBUS
HU3KO3HEPTUYHOTO U HU3KOI030BOTO PEHTICHOBCKOTO u3nyuenus (hyu = 2,5 kaB; D =~ 1I'p) [1].
[Tpr MOIETMPOBAHUY HCIIOJIB30BAIUCH TPU YIPABISIONIUX MapaMeTpa, B TOM YHCIC MAarHATHOE
T0JIe, BIUSIOIICE Yepe3 CIIMHOBBIN KaTaau3 Ha 3(p(PEeKTUBHOCTD IMpoIiecca NeCTPYKIIMU BUpYyca.;

2. BrlsiBIIeHHE MEXaHU3MOB PaIHallMOHHO-XUMHUYECKHUX ITPEBPAILICHUH B TEXHOJIOTHH
bonbmoit Conneunoii [leuun (BCII), rae ynpapiastonmMu napaMeTpaMu OTOMpaInuch TeMieparypa
U ee TPaJueHT, BBICOKAs HMHTEHCUBHOCTb M3Iy4eHHUS M IP(PEKTHBHAS MIMPUHA COIHEUHOTO
CHEKTpa U3Iy4YeHHsS, a TakKe HaNpsHKeHHOCTh MAarHUTHOTO MO — MOJEIb YeThIpex
VIPABIISIONIUX [TAPAMETPOB;

3. BrisiBieHHE BO3MOXHOTO MEXaHHM3Ma HCIOJIh30BAaHUS KOMOWHUPOBAHHOTO
JNEHCTBUS BETpa M COJIHEYHOTO H3Iy4EHUS HA BO3MOXXHOCTH 3(PPEKTUBHOTO YIpPaBICHUS
«BeTpakaMm» MpeoOpa3oBaHUsl YHEPTHH BETPa M COJIHIIA B DJICKTPUYCCTBO — KCIIOIH30BAIACH
MO/JIeJIb IBYX YIPAaBISIONIUX TapaMETPOB.

Bo Bcex aTHx Tpex ciaydasx oOHapykeHa Xopolasi BO3MOKHOCTb MOJICTUPOBAHUS SIBJICHUN
CHHEpPIru3Ma, coyeTaromas KOMOWHHUPOBAHHBIC BO3JICUCTBHS — B IIOJIHOM COOTBETCTBHH C
BBIBOJAMH palOTHI [2].

BuaaronpapHocTH.  ABTOpHI  BBIp@XKAIOT ONarogapHOCTh CBOMM  KOJUIeTaM  Ipod.
Oxkcenrenanepy b.JI. u k.¢.-m.H. Hukudoposoit H.H. 3a mionoTBopHOE COTpYIHUYECTBO.
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KNHETHUKA PEJJAKCAIIMU ®OTONNPOBOANMMOCTHU B KPEMHUMU,
KOMIIEHCUPOBAHHOM ATOMAMM POJIVSI U HEUTPOHHO-
JIETUPOBAHHOM KPEMHUH

III.A. Maxmynos!, A.K. Pajpuxos!, P.Pycramos?
L Unemumym soepuoii pusuxu AH PY3,
2Tawrxenmckuii akademuyeckuii auyeti Nel MBJ] PV
email: rafikov@inp.uz

AHHoTauusi: B pabore m3ydeHa KHHETHMKA pellakcaluu (OTONPOBOAUMOCTH B P-THI
KPEMHUHU, KOMIIEHCUPOBAHHOM pPOJMEM, U HEWTpOHHO-IerupoBaHHoM KpemHuu (HJIK).
Hccnenoano Bimstare TepMoodpadotku (1370+1570 K) Ha pekoMOMHALINIO HOCUTENCH 3apsia.
[Toka3zaHo, yTo cTabuiIM3anUs BpeMeHU kHU3HU mpoucxoauT npu 1570 K, a BiusHue npumeceit
MUHHMAJIBHO.

KiaroueBble cjioBa: (HOTONPOBOJUMOCTb, KPEMHHMH p-THUIIA, KOMIIEHCALUs MPUMECSIMH,
poaMii, HEHTPOHHOE JIETUPOBaHME, pejaKcalus, TepMooOpaboTKa, BpeMs >KU3HU HOCHUTENIEH
3apsiaa, peKOMOWHAIIS.

CoBpeMeHHbIE UCCIIEeI0BAaHUS MTOTYIIPOBOAHUKOBBIX MAaTEPHUAIOB UTPAIOT KIFOUYEBYIO POJIb
B Pa3BUTUU MHUKPOIJICKTPOHUKM M HaHOTexHosorui. Kpemuumii (Si) sBise€TCS OCHOBHBIM
MaTepHajJoM B TPOM3BOJICTBE IOJYIPOBOJAHUKOBBIX MPUOOPOB Onarojapsi €ro yHUKaJbHBIM
JJIEKTpUUECKUM cBoicTBaM. OJHAKO s YIy4IIEHUS €ro XapaKTepUCTUK MPUMEHSIOTCS
pas3JInYHbIe METO/Ibl JISTHPOBAHM, B YACTHOCTH KOMIICHCALIMsI IPUMECSIMH, TaKUMU Kak 6op (B),
docdop (P) u poauii (Rh).

@DOTONMPOBOAUMOCT  KOMIIEHCUPOBAHHOTO KPEMHHUSI ONpEIeNsieT ero CrIocoOHOCTh
pearupoBaTh Ha CBETOBbIE BO3JEHCTBHSA, YTO BaXXHO JUIsl CEHCOPOB, COJIHEUHBIX Oarapei u
JNETEeKTOpOoB u3nyueHus. B ganHON paboTe paccMaTpuBaeTcsi KHUHETHKA —pellaKcaluu
($bOTONPOBOAMMOCTH B KPEMHUU P-THUIIA, KOMIIEHCUPOBAaHHOM aTOMaMU pojus. AHAIU3UPYIOTCS
BIUSHUS TEMIIEPaTypHOH 00pabOTKM U JIETUPYIOLIMX MpUMeced Ha peJaKCaluOHHbIE
nporecco [1].

OOBEeKTOM HCCIIEIOBAaHUS SIBIISJICS KPEMHHMHM p-TUna C yJIENIbHBIM CONPOTUBICHUEM
2 xOM'cM. JlerupoBaHue NPOBOAMIOCH METOJOM TepMmoauddy3un npu Ttemmeparype 1370-
1570K B Teuenue 10 wyacoB. M3mepeHus (OTONPOBOAUMOCTH BBINOJHIUCH METOJIOM
UMITYJIbCHOTO OCBELIEHHs] M pPETUCTpallud BPEMEHHOW 3aBUCUMOCTH (DOTOTOKA. AHamu3
MIPOBOAMJICS HA OCHOBAHUU CPAaBHUTENBHBIX IKCIIEPUMEHTOB € 00pa3liaMu, KOMIEHCUPOBAaHHBIMU
paznnunbiMu pumecsimu (B, P, Rh) [2].

Pe3ynpTaThl MCClenOBaHMS NpPEACTABICHBI HAa pUCYHKax |-3. Bpems xu3HM HocuTenen
3apsiaa HaxoAwioch B auana3zoHe 10-90 ¢ B 3aBUCMMOCTH OT CTENEHU KOMITeHcaluu. BiusHue
TemIrepaTrypHoil 00paboTkH Ha GOTONPOBOAUMOCTE MPEACTaBICHO B Tabmuie 1.

AHanu3 HSKCHEPUMEHTAIBHBIX JAHHBIX II0Ka3ajl, YTO pEJaKCAllMOHHBIE IPOLECCHI
(GoTONPOBOAMMOCTH B KOMIIEHCHPOBAHHOM KPEMHHH Majl0 3aBUCAT OT KOHKPETHOTO THIa
JIETUPYIOILEH pUMecH. DTO TOATBEPIKIAETCS paHee ONMyOINKOBaHHBIMU JTaHHBIMHU [4,5].

CornacHo MOJy4YeHHBIM JIaHHBIM, YBEJTMYEHHUE TeMIIepaTyphl OTKHUTa CIIOCOOCTBYET POCTY
BPEMEHU )KM3HHU HOCUTEIIEH 3apsa, YTO OOBSACHIETCS CHUKEHUEM KOHIIEHTPALUH PaHalliOHHBIX
nedextoB [3]. Ilpu Temnepatypax Boire 1470 K HaGmrogaeTcst HackimeHue 3Toro ¢ dexra.
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ConocTaBnsis  KMHETHKM — peJakcaluud  (OTONPOBOJAMMOCTH B  KPEMHHHM p-THUIIA,
KOMIICHCUPOBAaHHOM TPUMECSAMH poausi u aromamu ¢ocdopa, MOXKHO CKa3aTh, UTO
pellakcallMOHHBIN Tpolece (IIpU paBEeHCTBE P 00pa3loB), HA HAII B3IJIA, HE 3aBUCUT OT HaJIHUHUs
MPUMECH, CO3/1a0IIeH TTTyOOKHE SJHEPTeTUYECKUE YPOBHHU.

Tabmauua 1.
BnusiHue TemnepaTypsl OT)KUTa Ha BpEMs )KU3HU HOCUTENIEH 3apsiia
Bpewmst sxu3Hu HOCUTENEH
No Temneparypa oTxura, T sapaza,
(K)
T (MKC)
1. 1270 10
2. 1370 12
3. 1470 30
4. 1570 60

AHanu3 NOJy4YeHHbIX PEe3yJbTaTOB MpUBEAEH Ha pucyHke 1. Ha aTom pucyHke mokasaHo,
KaK M3MEHSCTCS BpeMsi KU3HU HOCUTEIIeH 3apsaa mpu TepMooOpadoTke p-Tur KpemHus. BumnHo,
yTo npu Temmeparypax orxura 10 1370 K Bpems xu3Hu ocraércs Hu3kum (~10+12 mxc), yto
00BSICHAETCS BHICOKOM KOHIIEHTpanuei paaunannoHHbix nedekrtos. [lpu 1470 K Bpems xuznu
HocuTenei 3apsna (1) pesko yBennuuBaercs (~30 MKC), UTO CBA3aHO C HA4aJIOM BOCCTaHOBJICHUS
KpucTaiuueckoil cTpyktypsl. Ilpu 1570 K nocruraercss MakcumalabpHOE 3Hau€HHE BPEMEHHU
KHU3HHU (~60 MKC), 4TO yKa3bIBaeT Ha IOJIHOE 3aBEPILIEHHE MPOLECCOB BOCCTAHOBIEHUA. Takum
o0pa3oM, ONTHUMajbHas TeMIepaTypa OTXKUIa JUld YBEJIMYEHUS BPEMEHHU >KM3HHM HOCHUTENIeH
3apsina coctarisier 1370+1570 K.

Pucynok 1. 3aBucUMOCTh TOABUKHOCTH HOCUTENEH 3apsiia OT TEMIEPaTypbl U30TEP
muyeckoro oTkura B HJIK (mocne temnepatypst omxura Tom, = 1570 K, t = 30 mun) npu

pa3IMYHOM (IIIOEHCE TEIUIOBBIX HEHTPOHOB (CM'Z):
1-10%: 2-10': 3-10Y

Ha pucynkax 2 u 3 uccnenoBana KMHETHKA (GOTONMPOBOAMMOCTU. B XoJ1e sKcriepuMenTa
Obuta BbIOpaHa omnTUManbHas U3 oOpasuoB p-Si<B,P> u p-Si<B>, mnocine dvero oHU
MOJBEPrauch TePMUUECKOI 00padoTke rpu Temmeparypax 1370 Ku 1570 K. 3atem uzyyanach
UX KHHETHKa perakcauu (OTOnpOBOJUMOCTH.
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N3yuaTh BpeMeHU KU3HU HOCUTEJIEH 3apsiia B KOMIEHCHUPOBAHHOM KPEMHHUH P-THUIA B
3aBUCHUMOCTH OT KOHIIGHTPAIIMH MCXOJIHOTO OOpa BOCCTAHOBIICHHWE BPEMEHH JKU3HH HOCHUTEIICH
3apsana (t) B HedTpoHHO-nerupoBaHnHOM kpemHuH (HJIK). OmHako pe3ysibTaThl, TOJYYCHHBIC
pa3IMYHBIMU aBTOPaMU B pa3HbIe TOJbl, HE Bceraa coryacyercs. OQHON U3 IPUYKH 3TOT0, HA Halll
B3IJISI1, SIBJIIETCSL Pa3IMUHBIE YCIOBUS TEPMOOOPaObOTKH KpeMHUs (TemMIrepaTypa, BpeMs OTKHra,
reTTepUpyroas cpeaa u Jap.) mocie HeUTPOHHOTO-JIETUPOBaHUs. B To ke Bpemsi TepMudecKas
orepanusi SBIISETCS COCTaBHOW M HeoTheMyieMOl yacTthio TexHoiorumu HIIK, u mzbexars e€
HeBO3MOkHO. Kpome Toro, Beicokoomubix HJIK T c1abo uzydeno.

LA

2

—
—
— .
—

107 1 1 | L | 1 1 1 | L | 1 |
0 10 20 30 40 50 60
t,c

Pucynoxk 2. Kunerrka penakcaiuu ¢pororoka B p-Si<B,P> (1) u p-Si<B> (2)

LA
)

1076 =

Pucynok 3. Kuneruka penakcanuu gporotoka B p-Si<B,Rh> mpu paznmuanbx
temneparypax qupoysun: 1 —1370 K; 2 — 1570 K

B nmamHOi pabote wmeTomoM 3aryxaHus (POTOMPOBOJUMOCTH U3YYaJIOCh BIIUSTHUE
BBICKOTEMIIEpaTypHOi 00paboTku Ha pexoMmOuHaronHsle cBoiictBa HJIK mocne temnepatypa
omkura 1373 K. PesynbTaTsl npuBeneHsl B Tabauma 1.

Kax BugHO 113 Ta0.1 BpeMeHH )KU3HU HOCUTENEH 3apsiia B 3aBUCUMOCTH KOHIIEHTpAIuu 0opa
B HJIK npakThueckn oilMHaKOBBIMH, T.€. OKOJIO MKC.

W3meHenne BpeMeHHM >KU3HU HOCHUTENEH 3apsia OT AJUTEIBHOCTH TepMooOpaboTKH
nokaszaHo Ha puc. 4-5. Omxur npooauscs npu remnepatype 1570 K. Kak BugHo ¢ yBennuennem
BPEMEHM OTXKUIa T IaJaeT, a 3aTeM He u3MeHsercsa. [loaTomMy He3HauuTeIbHOE OTKIOHEHHE
3HaYeHWE T TNpPUBEACHHBIE B TaOn.l, Ha Ham B3IMJIAA, CBA3aHO HE IIOJIHOCTBIO OTXKHUTa
panuannoHHbIX AedexToB [6].
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C

10°

61

t, uac
Pucynok 4. 3aBucumocTb BpeMeHU >ku3HU HocuTenei 3apsiaa B HIIK (ucxomgusiii
KJIb-1) ot mnmurenbHOCTH OTXKHTa, TIpH Temneparype ~1570 K.
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Pucynoxk 5. a) 3aBUCHMOCTh €MKOCTH 00pa3IOB OT 0OPAaTHOTO HAMPSHKEHUS IS
CTpyKTyp Ha ocHoBe kpemHus ripu 300 K u 200 xI'n:
1- p-Si<B> u 2- p-Si<B,P>
6) 3aBUCHMOCTb EMKOCTH 00Pa310B OT YACTOTHI AJIsl CTPYKTYp Ha OCHOBE KPEMHHUSI:
1- p-Si<B> u 2- p-Si<B,P>

B xone uccnenoBanust BISIBIEHO, YTO penakcanus GoTONpOBOAUMOCTH B KPEMHHUHU p-THIIA,
KOMIIEHCUPOBAaHHOM pPOJUEM, MajO 3aBUCUT OT THIA JIETUpyrOIMX npumeceid. OCHOBHBIM
(dakTopoM, BIHSIOIIMM Ha pelaKCallMOHHBIE MPOLECCHI, SBISETCS TemIepaTypHas oOpaboTka.
JlaHHbIE 3KCIIEPUMEHTOB MMOKa3alik, YTO NpU TemrepaTypax orxkura Bbiue 1470 K nocturaercs
MaKcUMaJbHas cTaOnin3anys BpeMEHH KU3HU HOCUTENe! 3apsiza.
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BJIMAHUE AICOPBIIMU ATOMOB Ba HA COCTAB U 3JIEKTPOHHY1O
CTPYKTYPY OKCHUIOB WOs3

3.A. Ucaxanos, M.M. Maxmyanos, M.A. MaxmynoB
Hncmumym uonno-naasmennvix u nazepuvix mexuonoeuti, 100125 Tawkenm, Y306exucman
za.isakhanov@gmail.com

B mocnennee BpeMsi MaTepualibl Ha OCHOBE OKCHJOB BOJIb(ppama cTanu IMpeaIMeToM
MHOT'OYHCJIEHHBIX UCCIIE0BAaHUN. Tak KaKk, OHM MCIIOJIb3YETCS B CO3JaHMM OMUUYECKUX KOHTaKTOB
U OapbepHBIX CIIOEB B OONBIIMX M CBEPXOOJBIINX HWHTETPAIBHBIX CXEMaxX, BTOPHUYHO-
SMUCCHOHHBIX M TEPMOSMHCCHOHHBIX KAaTOJOB, 30HIOB JUIsl CKAHMPYIOUIUX 30HJOBBIX
MHUKPOCKOIIOB, Ta30BbIX M XUMHUYECKHX CEHCOpPOB, JJEKTPOXPOMHBIX  MaTEpHAJIOB,
dboToKkaTann3aTOPOB /ISl OUUCTKHU BOJIBI M Bo3ayxa [ 1, 2], mpeobpa3zoBaTenell COMTHEUHOM SHEPTUU
[3, 4] u zp.

[Ipu HambUIEHUU aTOMOB LIEIOYHBIX U MIETOYHO3EMENIBHBIX AIEMEHTOB CYOMOHOCIIONHON
TOJIIIMHBI TPUBOJUT K YMEHBIICHUIO paOOTHI BRIXOJA €( W K yBEIHYeHHIO K03(duuumeHToB
MCTHHHO-BTOPUYHBIX 3JEKTPOHOB O W KBAHTOBBIA BBIXOA (DOTOIIEKTPOHOB Y METAJUIOB H
NOJyNpoBOAHUKOB. O/HAaKo, Takue MCCIEAOBaHUSA B Cilyd4ae OKCUAHBIX IieHok W He
npoBoAWINCh. B naHHON paboTe MNpUBOAATCS AKCIEPUMEHTATIbHBIC JAaHHBIE IO BIIHSHHIO
ocaxkaeHus: aToMoB Ba ¢ TommmHoi 0 < 1 MOHOCHON Ha MOBEPXHOCTH MOTUKPUCTAIUTHUECKUX
mienok WOs. PesynsTatsl npuoasatcs mns mwienkn WOz/W(111) ¢ d = 600 A. Tpu nansinenuu
Ba kpussie ep(0) mpoxoaut yepe3 MUHUMYM. Mbl IPUHUMAIIH, YTO MPHU €O = €Qyuu TOJIIIUHA
OCaXKIEHHBIX aTOMOB Ba cocTaBnser ~1 MOHOCTIOMN.

Ha puc.1 npusenenst 3aBucumocti O(Ep) B o6mactu Ep = 1 — 20 5B mist WO3, mokpsiToro
atomamu Ba ¢ 0 =0; 0,5 u 1 monocnoi. Buano, uro npu 6 = 0 pe3kuii poct 6 Habmogaetcs ¢ Ep
~ 6,2 5B, 4TO COOTBETCTBYIOT HA4aJI0 IMUCCHH AJIEKTPOHOB U3 BEPXHETO Kpasi 3a110JIHEHHOU 30HbI
Ha ypoBeHb BakyyMa. IIpu E,<6 5B Ha kpuBoil 0OHapyxuBaeTcs ABa MaKCUMyMa O4€Hb HU3KOU
MHTEHCUBHOCTEH, 00yCIOBICHHbIE HATMYMEM IPUMECHBIX YPOBHEW B 3ampelieHHoil 301e. [Tocne
HanbuleHus Ba ¢ 6 = 0,5 moHocn0#, pe3kuit poct & HaOronaeTcst HaunHas ¢ E, = 4,2 3B, a mpu 0
~ 1 monocnoil — ¢ Ep = 3,4 3B, T.e. CpOACTBO K 31IEKTPOHY K YMEHbIIAETCs Ha ~2 3B.

Puc.1. 3aBucumoctu 6(Er) B
oogactu Ep =1 —-203B nasa WOs3,
NOKpPbITOro aromamu Ba ¢ 0, monoc101
1-0;2-05;3-1.

0,4

0,2t o
ITono>xeHne NPUMECHBIX YPOBHEW

(Emp1, Enp2) Taxke cmemaerca Ha 2 u 2,8
5B. Ilpm yBemmuenun 06 = 1,5 — 2

0 4 8 12 16 E,., 3B MOHOCIIOEB % yBenuuuBaercs Ha ~0,2 3B.
[Ipu 6 > 2 MoHOCIOEB paboTa BBIXOJA MOBEPXHOCTH €( PABHIETCS €( TOJICTOro Oapus u
onpejiefieHue 3HAUYEHHUS A NPAKTHUECKH HEBO3MOXXHO. MOXXHO mojaraTh, YTO 3HAUEHUS X
npubimxaercs K 3HadeHnto x unctoro WOs. [Tpu atom & ymeHbIaeTcst Bo Bcex odmactu Ep. 3o
CBSI3aHO TE€M, YTO MCTMHHO-BTOPUYHBIX 371eKTpoHOB (MIBD) HauMHAIOT BBIXOAMT HE TOJIBKO OT
WOs3, Ho 1 oT croeB Ba. IIpu 6 > 5 monocnoes IBD B 0CHOBHOM BBIXOAAT U3 cioeB Ba. Tak kak
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sMHUCCHOHHAs 3PPEKTUBHOCTH CI0EB Oapus 3HAYUTENHHO MeHbIIe (111 Ba om = 0,9 — 1), uem anst
WOs3 (6m = 3,5) 3HaueHHE O Pe3KO YMEHBIIACTCS.

Ha puc.2 npuBesieHs! ceKTpsl GOTO2IeKTpoHOB A cuctembl Ba®+ WOs. Buano, 4to ¢
poctoM 0 10 1 MOHOaTOMHOTO CIos IMpUHA criekTpa AE yBennunBaeTcs Ha 2,8 3B, T.e. 3HaueHue
® OKcHJ1a ymMeHbInaeTcs Ha 2,8 3B. [Ipu aTom nosnoxxenne makcumymoB Ha KOP ¢oTosnexkTpoHoB
HE MEHSETCs, @ UX MHTEHCUBHOCTH YBEJIMYUBACTCS, YBEIMUYUBAETCS TAK)KE TUIOMIA b MOJI KPUBOI
(KBaHTOBBIN BBIXOJT) (POTORIEKTPOHOB M MOSIBIISIETCS HOBbIE 0coOeHHOCTH. OcobeHHocTh npu Eu
~ -1,2 3B 006ycnoBieHo Bo30y:xaeHue snekTpoHoB u3 BaO (6s(Ba)+2p(0)).

Puc.2. Cnekrpsl
(OTO3IEKTPOHOB /1151 cucTeMbl Bal+
WO3 npu pa3inyHbIX 3HAYEHUAX 0,

monocaoes: 1 -0;2-0,5;3-1,0.

6s(Ba)+2p(0O)

N(E)

OTMeTHM, YTO TPU OCAXKICHUU
Ba na W ¢ 6 = 1 MoHOCTIO#1 yMeHbIlIeHHE
e cocraBmser ~2,2 3B. B cnygae WOs3
yMEHbllIEHue cocTtaBiusier ~2,8 3B.

: : : : : Pesynprarer OOC nmokazanu, uto npu 6 =
B -10 -8 -6 -4 -2 E~0

= 1 na nosepxuoctu WO3 dopmupyetcs
MOHOcJoWHUEe mokpbiTHe BaO, uto mpuBoautr K Oosee 3(PPEKTUBHOMY YMEHBLICHUIO €Q.
M3BecTHO, YTO yMeHbIlas 3HAYCHUE X MOYKHO IOJyYUTh CBEJIEHHME O MAaKCHUMyMax IUIOTHOCTH
CBOOOJIHBIX COCTOSIHMM BOJIM3U YPOBHS BakyyMe.

Ha puc.3 npusenens! cnektpsl B3, cuarue npu Ep = 10 3B ang mnenxkun WO3 u WOs3
nokpeIToi Ba Tonmmmao# 0,5 1 1 MoHOCcH0eB. Havano criektpa st WO3 COOTBETCTBYIOT YPOBHIO
BakyyMma Ees. Bunno, yto pu 6 = 0,5 MoHOCIIOl Hauana cnekTpa CMEUIaeTcsl B CTOPOHY MEHBIINX
sHepruu Ha ~2 3B u uncio UBD pe3ko ysennunBaercs. OcHoBHO nuk UBD cmemaercs ~2,5 3B
otHocutenbHO unctoro WOz, Bonmusu nuka MBD nosiBisiercst HeOombIIoi MakcumyMm mipu Ecy =
— 1,4 »B. Ilpu yBenuuenun 0 Gapus no 1 MOHOCIOS Hayajo cleKTpa cMenlaercs Ha ~ 2,8 3B
HaOmromaercst eme Oonbliee yenuueHue uyucina VIBD. Ilpu stom wuHTeHCHBHOCTH Eci

YBCIUYUBACTCA U €TI0 ITOJIOKCHHUEC CMCIIACT Ha ~0,2 5B u

Puc.3. Cnextpst UBJ,
cusaTbie npu Er = 10 3B nus
1 maenkn WOs (kpuBas 1) u WOs ¢
nokpoiTueM Ba Tonummubl 0,5 (2) u
1 (3) moHoCT0€B

MOSIBJISIETCS HOBas
ocoberHocTh mpu Eco = — 1,1 3B.
VBenuuenue 0 1m0 1,5 moHOCHOS

E, 3B

nokazanu 4yto Hanuuue Ec cBsa3ano ¢ Beixogom MBO u3 nnenku BaO.

N3BecTHO, uTO 1pu aacopOiinu atoMoB Ba u Cs ¢ 0 < 1 aTOMHBIX CJIOEB COCTaB M CTPYKTYpa
MOBEPXHOCTHBIX ciioeB W npaktudeckuii He MeHsercs. [loaToMy Bce M3MEHEHUsI SMUCCUOHHBIX U
ONTHYECKUX cBOMCTB cucteMbl Ba® +WQO3 B OCHOBHOM CBSI3aHA YMEHBIIEHHEM X (CIIEI0BATENHEHO
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pabota BbIxoja) mosepxHocTy. [locneaHee MpUBOAUTE K YBETUYCHUIO TITYOMHBI 30HBI BBIX0OJA (L)
B3 u ®D. Pacyersl, mpoBeieHkI 10 hopMyIie:
4= 52 %107° * A(Zogg) 1 4
P Zogy o
nokasanu, 4to A aua uucroro WOs cocrasnser A = 150-200 A, rae Epm — sHeprus E,
COOTBETCTBYIOIIASI 3HAYECHUIO BTOPUIHOMN AIeKTPOHHOU 3muccuu (BID) om. st WO3 Epm = 650
— 700 5B. 3nauenne om st WO3 cocraBnsier ~ 2,9, a uist WO3 ¢ MOHOCIOWHBIM MOKphITHEM Ba

~ 4,6. Ilpu stom nonoxenune Epm cmemaercs no 900 — 1000 sB. Ucxons u3 3T0ro, MOXKHO
rmoJiaraTh, YTo 3Ha4eHUE A yBenuuuBaercs ~ 1,3 — 1,5 pa3a. B tabnuiie nmpuBeneHbl OCHOBHBIC
napameTpbl YHEPTETUYECKUX 30H, 3HAYCHUS Om, Y U A s ieHKku WO3 1 WO3 ¢ MOHOCTIOMHBIM
MOKpPBITUEM Oapusl.
Tabmuna 2.
OcHOBHBIE TTapaMETPHI SJHEPTCTUYCCKUX 30H, 3HAYCHUS Om, Y © A Ut tuieHku WO3 u
WO3 ¢ MOHOCITOHHBIM MTOKPBITUEM Oapusl.

OObeKThI [Tapamerpsl 3041, 3B

o Y A A
uccinegoBanus | Ev | Er Eq % Eup1 Eup2 "

WOs/W 62| 43 | 28 | 34 4,6 5,9 2,9 3*10° | 150-200

Ba®+WOs3 0=1 |34 | 15 | 28 | 06 1,8 3,1 4,6 9*10° | 250-300

Ha ocHoBe 3TOH TabaMubl MOXKHO MOCTPOUT HPUMEPHYIO 30HHO — 3HEPreTHYECKYHO
muarpammy WO3 u WO3 ¢ MmoHocnoitHbsiM nokpbeiTieMm Ba (puc.4). U3 puc.4 BuaHO, 4TO mocie
HanblieHHe Ba ¢ TommmHON ~ 1 cinoit » yMmeHblnaeTcss Ha ~2,8 3B. DkcnepumeHTanabHbIE
pe3yNbTaThl MOKAa3bIBAIOT MPHU 3TOM 3HaueHHe Eg u monoxeHus: mpuMecHbIX ypoBHeH Ei u E
NPaKTUYECKH HE MEHSIOTCS.

E 0
43 3B
E, 0

E. 3 343B E, 0,6
Ef— —— —|— {43B E — — — — — — 15

E, e 463B E,

= — 8 - U S—
Ev 6,2 3B Ev 3,4

WO, Ba’> Wo,
a) 6)

Puc.4. [IpumepHasi 30HHO — IHePreTHYECKAs TUATPAMMA MOBEPXHOCTHBIX CJI0EB
miaenkn WO3(a) u WO3 ¢ MoHOCI0iiHBIM MOKpbITHEM Ba(0)
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1. Oderinde Olayinka, Mengmeng Kang, Mulenga Kalulu, Yao Fang, Facile synthesis and
study of the photochromic properties of deep eutectic solvent-templated cuboctahedral-
WO3/MoO3z nanocomposites / Superlattices and Microstructures 125, October 2018.
DOI:10.1016/j.spmi.2018.10.023.
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YCTAHOBKA JJIAA SDKCITIEPUMEHTAJIBHOI'O U3YYEHUSA
PACHIPEJAEJIEHUSA TOKA YCKOPEHHBIX TIPOTOHOB HA YCKOPUTEJIE JOI'-2

A.A.Caiinumos, P.®.Pymu, ®.b.YMmapos
Hayuno-uccnedosamenvckuti uncmumym Qusuxu noaynpo8ooHUKos u
MuKpoanekmponuxu npu Hayuonanonom ynusepcumeme Y3zoexucmana um. M. Ynyeoexa.

OI'-2 -MHOTOKOMITOHEHTHBI KOMIUIEKC C pa3HOOOpa3HOW TEXHWYECKOH OCHACTKOW,
KOTOpasi 00ecreYnBaeT MoIydeHHe BBICOKOro HampspkeHus ot 0,3 1o 2 MIUTMOHOB BOJBT. [lpu
paboTe BCero 3Toro KOMILJIEKCa Ha BBIXOJ/I€ Mbl UMEEM IIyUOK 3apsDKEHHBIX MOHOB C SHEpruei -
nporonoB ot 0,3 mo 1.5 MsB wnmm o-uactuny no 2,5 MdB (¢ BBICOKMM JHEPreTUYECKUM
pazpemienuem ~5KaB) u Tokom myuka ot 10 nA go 1,5 pA.

B pesynbrare nposeneHHo# B 2023roy MOAEpHU3AMK BBIXOIHBIX KAHAJIOB YCKOPUTENSA
(B cooTBeTcTBHHM C TocTaHoBiIeHneM Kab.Mun.a Ne 639 myHKT.17) ObI1 U3rOTOBJIEH LIEHTPAIbHBIN
BBIXOJTHOM KaHaj ycKopuTes (puc. 1.a), TOK IMy4dKa Ha CErOHAIIHUN JEHb YBEJIMUEH 10 5 MKA U
BeyTCs pabOTHI 110 BO3MOKHOCTH JIaTbHEHIIIETO YBEITHUSHHSI TOKA.

OCHOBHBIM MapaMETPOM MPHU MPOBEIECHUN OOTYyUEHHUS MOJYIPOBOIHUKOBBIX MaTepHallOB
Ha YCKOpUTEJE SIBJISIETCS paclpeiesieHue TOKa MydKa Ha MOBEPXHOCTH 00pa31oB U pa3Mep Mydka
MOHOB. JlJ1 n3MepeHus pacipeneieHts ToKa Iydka 1 pa3Mepa Iy4yka Oblj1 H3rOTOBJIEH U cOOpaH
CIEMAJIBHOE YCTPOMCTBO NOKa3zaHHOe Ha puc.l.a-1. CaMo yCTpONCTBO COCTOMT M3, IITOKa-
nepxarens 1.0-2, aneKTpoMarHuTHON KaTymku 1.0-3, KoTopas MOJHUMAET U OTIYCKaeT IITOK,
orpaHuuMTens ImToka 1.6-4 W KBapLeBOE OKOIMIKO C HECKOJIbKUMM JIATYHHBIMH CETKaMH
MOJKJIIOYEHHBIX K MUKpoamnepmerpy 1.6-1.
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cxemamuyeckoe uzoopasicenue yCmpoucmeo 0Jist 1- keapy, 2-namynuvie
uzMepeHus pacnpeoeieHuss moKa nyuxka cemxu
Puc. 1.

Cxemaruyeckoe I/1306pa)KeHI/I€ KBAapueBOro OKOMIKO IMPCACTABJICHO Ha pHUC. 1.B. IIaHHOG
YCTpOﬁCTBO MMO3BOJIUT IOJY4YCHHA SKCIICPUMCHTAJIbHBIX NJAHHBIX 00 pacipeaciacHust TOKa IIydka
YCKOPCHHBIX IIPOTOHOB Ha MOBCPXHOCTHU 06pasu03, 4YTO IIO3BOJIMT IIPOU3BOJUTD boiee
Ka4CCTBCHHBIC paCYCThI J03bI O6J'Iy‘ICHI/I$I.
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2. AK. Banprep u ap., DJAEKTpOCTaTHUECKUE YCKOPUTENM 3apsyKeHHBIX dYacTul. // M.,
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VI IYBBA. KOHAEHCAIIUAJIAHTAH MYXUTJIAP ®U3UKACH
®OPMUPOBAHME MPUMECHBIX CKOIIJIEHHUH Ni M Cu B Si

C.3. 3aiinaduaunos’, H.A. Typrynos?, H.b. XaiitTummeToB?,
P.M. Typmanosa?, IlI.A. Coonpona?®
Y Anousicancruii 2ocyoapcmeennviil ynusepcumen
2Hayuno-uccnedosamenckuii UHCMuntym Qu3uxi noiynposooHUKOS U MUKpPOINEKMPOHUKI NPl
Hayuonanvnom ynusepcumeme Y30exucmana

CoBpeMeHHBIE PEHTI€HOCTPYKTYpPHBIE METOABl HCCIEAOBAHUS MOJIYIPOBOIHUKOBBIX
MaTepHaJiOB OTHOCATCA K CaMbIM MH(OPMATUBHBIM, HAJICKHBIM U IIHPOKO PACIPOCTPAHEHHBIM
[1,2]. M3y4yeHue CTpyKTYypHBIX CBOMCTB KPEMHHUS, JETUPOBAHHOTO PAa3IMYHBIMM HPUMECIMH,
npezcTaBisieT 00JbIIoN HHTepec Giarofaps ero yHuKaiabHbIM (PU3UKO-XUMHUECKUM CBOWCTBAM,
TaK KaK OH SIBJIAETCSI OCHOBHBIM MaTe€pHajoM JUlIl MUKpPO- U HAHOZJEKTPOHUKU. B Hacrosmeit
paboTe uccie10BaHbl CTPYKTYpHbIE CBOMCTBA MOHOKPHCTAININYECKOTO KPEMHHUS, JIESTUPOBAHHOTO
HUKEJIEM U MEJIbIO.

Jlnst ucereoBaHuid ObUTM U3TOTOBJICHBI HCXOIHBIE 00pa3ibl N—Si U IETUPOBaHHBIC 00Pa3IIbI
n-Si<Ni,Cu>. B kadecTBe HCXOJHOro oOpasia ObLI HCIOJH30BaH MOHOKPHCTAUIUYCCKUIN
kpemHuil mapku KO®, BbIpaiieHHbIN 110 MeToAy HYoXpallbCcKOro ¢ yJAeNbHBIM CONPOTHUBIEHUEM
0,3 Om:cm. OnHoBpemMeHHass TU(Qy3us aTOMOB HUKENS U MEIU B KPEMHUHU IPOBOJMIACH B
ropusoHTanbHoil neun CYOJI-4 nmpu temneparype T=1473 K B Teuenue 5 uacos. Ilocie
TU(GPY3MOHHOTO  OTXKUra  00paslbl  OXJAXKIAINCh CO  CKOPOCTBIO  Voxa=200  Klc.
PentreHorpagudeckue uccienoBaHust 00pa3lioB ObUIM MPOBEJIEHBI C MOMOIIBIO COBPEMEHHOIO
peHTreHoBckoro audpaxkromerpa mapku Malvern Panalytical Empyrean.

Ha puc 1. npuBefieH CHUMOK OTAEIBHOrO ydacTka obpasma N-Si<Ni,Cu>, Ha KoTOpOM
BHUJIHO, 4TO mocie auddy3un B JaHHOM oOpasiie Habt0/1aeTcs BO3HUKHOBEHHE Pa3IMYHBIX
NIPUMECHBIX CKOIUIeHUH. Pa3mepsl aTux ckoriernid qocturaioT 10 300 HM M OHM UMEIOT pa3HbIe
reoMeTpruecKue GopMmal.

Pe3ynbpTaThl peHreHOCTPYKTypHOTo aHanu3a odpasua N-Si<Ni,Cu> npuBeneHs Ha puc. 2.
[Tonydyennas audpakMoOHHas KapTHHA MOKa3bIBAaeT, yTo mocie TupQy3uH HUKENS U MEIU B
o0Opa3iax KpeMHHs HaOII0AAI0TCS HECKOJBKO CTPYKTYPHBIX peduieKcoB (ITMKOB) C pa3iMyHON
MHTEHCUBHOCTBIO, KOTOpBIE HE HAOMIOJATUCh B MCXOJHOM oOpasue. ITuk ¢ camoil BeIcOKOM
MHTCHCUBHOCTBHIO, OTHOCUTCS MOHOKPHCTANTMYECKOMY KPEMHHUIO € KpHcTauiorpadudeckoi
wiockocThio (111). On Habmromaercsa npu yraax 20=28,99° u srot pednexc nocie nuddysuu
HEMHOTO CIIBUHYJICSI B CTOPOHY OOJIBINTUX 3Ha4YeHHUM yria. [Ipu 3ToM pa3HuUIla yriioB COCTaBsiia
A0=0,6°. B stom pedaekce 3uauenue d cocraBiaser 1,84 uM, a 3Hauenune L=0,474 uHM.
[TonydyeHHble aHHBIE MOKa3aJid, YTO B 3TOW 00JacTH HaONIOJAIOTCS YMEHBILIEHHE CPEIHEro
pa3Mepa KpUCTaUTUTOB L moutn B 6 pa3 u yBeln4eHNe MEKILUIOCKOCTHOTO paccTosiHUs O mouTH B
3 pa3a 1o CpaBHEHMIO C UCXOJIHBIM 00pa3oM. JlaHHBIN pe3yabTaT MOKa3bIBAET, YTO B Mpoliecce
JIETUPOBAHMS, 32 CUET MPOHUKHOBEHHUS NPUMECHBIX aTOMOB B 00beM oOpasla, MPOHCXOIUT
negopMans KpUCTALTHYECKOW PEIETKH KPEMHHS.

280



VI IYBBA. KOHAEKCALUSJIAHTAH MYXUTJIAP ®U3UKACHU

1000

900

800

1
(=3
(=]

Si(111)

600

Irel.

500

SiNi

300

C

Sii
SiCus

200

100

20.00 30.00 40.00 50.00 60.00 70.0¢

Puc. 1. Cuumoxk o0pasua Puc. 2. Pentrenorpamma oopasuna
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Habmronaemsrii pedexc npu yrinax 10,77° Ha puc. 2, coorBerctByeT coenqunenuto SiC. U3
IIPUBEICHHBIX PE3Yy/IbTATOB BBISICHIETCS, UTO 3HAUEHUS CPEAHETO pa3Mepa L 1 MEKIIOCKOCTHOTO
paccrostaus d aToro pediekca cocraristor 0,92 um u 0,82 HM cooTBeTcTBEeHHO. [Toceayrommii
pedrexc oTpa)kaeTcsi ¢ OTHOCUTEIbHO HM3KOH HMHTEHCHUBHOCTBIO, IO CPAaBHEHHUIO C JPYTUMU
pednekcamu, u oH Habmomaercs npu yriax 20,14°. TlomydeHHble DaHHBIC MMOKA3alld, YTO
3navenus L u d atoro peduiekca paBusitotes 1,4 um u 0,88 HM COOTBETCTBEHHO. BBIIO BBISBICHO,
4TO OH COOTBETCTBYET coenuHeHuio SiCus. MHorooopasue GpopMHUPYIOIIMXCS CHIMITUAHBIX (a3
MeIM B KPEMHUM U pa3jiMyde B HX XapaKTEPUCTHUKAX SBISAIOTCS NPUYMHAMH TOrO, 4YTO
HOJIy4EeHHBIE Pe3yJIbTaThl Pa3HbIMU aBTOpaMu paboT 3ayacTyro He coBnazarot [3,4]. Ilpu yrimax
20=22,24° B peHTreHOrpaMMe MMeeTCs MK, COOTBeTcTBYIoMmuUi coenunenuto SiNi. [Tpu Gonee
BBICOKMX 3HAaUEHUAX yria 20 Habmrogarorcs eme 1Ba pediekca ¢ HU3KOM HHTEHCUBHOCTHIO. OHU
HaOmoaoTcs B uHTepBaie 33-45° u mpencTaBisioT co00M COENMHEHHS] aTOMOB IPHUMECHBIX
AJIIEMEHTOB HHKEIs M Meau ¢ KpemHueMm. [Iuk, Haxonmsmmiics npu yriaax 20=33,48° B
pEeHTreHorpaMMe COOTBETCTBYeT coenuHeHuio SioNi. CpenHuii pasMep KpHCTAJUIUTA JAHHOTO
coenuHenuss paBeH L=0,719 HM, a MexXmIockocTHoe paccrosuue d pasusercs 1,87 HM.
Crnenyromuii nuk, HaOmogaemblil npu yrinax 20=44,12° B peHTreHOrpamMMme, COOTBETCTBYET
coemuneHnto SiCusNig. s nanHoro peduekca 3Hayenue L u d pausitores 0,495 um u 1,87 HMm,
COOTBETCTBEHHO. /13 BbIIIEyKa3aHHOTO MOXHO C/AEIaTh BBIBOJI, YTO MPU BBICOKOTEMIIEPATYPHOM
JIETUPOBAHUM KpPEMHHUS NpPHUMECSIMHM HUKeNIss U Meau B o0beMe o00pa3loB (OpMUPYIOTCS
pa3inyHble JBYKOMIIOHEHTHBIE WM TPEXKOMIIOHEHTHBIE COEJAMHEHHS aTOMOB MAaTPHUYHOTO
AIIEMEHTA U IPUMECEN, KOTOPbIE UMEIOT COOCTBEHHBIE MapaMeTPbl KPUCTAJUTMUECKOM CTPYKTYPBHI.

TakuM 00pa3oM, TMONTY4YEHHBIE SKCIIEPUMEHTAJIbHBIE pEe3ylbTaThl IOKa3alld, YTO MpU
OJTHOBPEMEHHOM JTU((Y3HOHHOM JIETUPOBAaHMM KPEMHHsI TNPUMECSAMU HUKENd U Meau
HaOmroaeTcsi oOpa3oBaHME CKOIUIEHHH TPUMECHBIX aToMoB. JlaHHBIE CKOIUICHHS HMMEIOT
pasin4Hble reoMeTpuueckue (GopMbl U MX pasMepbl gocturaor ao 300 HM. B mpouecce
OJTHOBPEMEHHOT'0 JIETUPOBaHMA KPEMHHUs HHMKeleM W Menblo npu Temmeparype T=1473 K
HaOJI0aeTCsl MCKaKEHHE KPUCTAJUIMYECKOM CTPYKTYpbl KPEMHHS, B pe3ysibTaTe KOTOPOIro
BBISIBJISIOTCS YMEHBIIIEHUE CPEIHEro pa3Mepa KpHUCTAUIMTOB L moutu B 6 pa3 u yBeIUUeHUE
MEKITOCKOCTHOTO paccTosiHus O mouTH B 3 pasa Mo CpaBHEHHIO C aHAIOTHYHBIMH 3HAYCHHUSIMHU B
ucxogHoM obpasue. B oObeme o6pasmoB n—Si<Ni,Cu> oO0pa3yiooTcs JAByX- WU
TPEXKOMIIOHEHTHBIE COEJUHEHNUS, C yUaCTUEM aTOMOB KpEMHHMs, MU U HUKessd. BMmecTe ¢ TeM,
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HaOmoaeTcss (GOPMUPOBAHUE COCTUHEHUH aTOMOB KPEMHHsI C aTOMaMH TEXHOJOTHYECKUX
IIpUMECEH, TAKUX KaK YIJIEpOA U KUCIOPOL.

Jlureparypa.
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Mater. Sci. 2012. V. 7. N 1. pp. 1-62.
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MATHCAD DASTURIDA RUX VA OLTINGUGURT KIRISHMA ATOMLARINI
KREMNIYGA LEGIRLASHNING DIFFUZIYA USULINI MATEMATIK MODELI

M.K. Haqqulov!?, F.Q. Shakarov?, G.O. Abdurazzaqova?
10 ‘zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar fizikasi va
mikroelektronika ilmiy-tadgiqot instituti
?Islom Karimov nomidagi Toshkent davlat texnika universiteti

Adabiyotlardan ma’lumki, diffuziya jarayoni yarimo‘tkazgich materiallarda kiritilinadigan
kirishma atomlari manbaining turiga bog‘liq ravishda cheksiz va cheklangan manbadan amalga
oshiriladi  [4:2]. Cheksiz manbadan diffuziyada diffuzant manbasi uzluksiz bo‘lib,
kontsentratsiyasi vaqt davomida o‘zgarmaydi va (1) tenglama yordamida ifodalanadi.

N(x,t) =Cs-erfc (2\7E> 1)

bu yerda: C - kontsentratsiya, x - masofa, erfc - xatolik funksiyasi, t — vaqt. Cheklangan
manbadan diffuziyada diffuzant manbasi chegaralangan bo‘lib, kontsentratsiyasi vaqt davomida
o‘zgaradi va (2) tenglama yordamida ifodalanadi.

C, x?

Kremniyda ZnS binar nanoklasterlarini hosil gilish uchun rux (Zn) va oltingugurt (S)
kirishma atomlarining eruvchanlik giymatlari maksimal darajada bir-biriga yaqin bo‘lishi talab
etiladi. Bu shartni ta’minlash magsadida MathCad dasturida ishlab chigilgan matematik model
yordamida oltingugurt va rux kirishma atomlari kremniyga ketma-ket va parallel tarzda diffuziya
tagsimoti hisoblandi. Zn va S kirishma atomlarini kremniyga ketma-ket hamda bir vaqtda
(parallel) legirlash mexanizmlari tanlab olindi:

1. Kremniyga avval S kirishma atomlarini T=1250°C haroratda, so‘ngra Zn kirishma
atomlarini T=1180°C haroratda diffuziya gilish mexanizmi. Dastlab oltingururt kirishma atomlari
uchun diffuziya jarayoni 1250°C haroratda bajarildi va bunda diffuziya vaqti 20 soatni tashkil etdi.
Rux elementi uchun esa diffuziya jarayoni 1180°C haroratda bajarilganda bu harorat uchun

N(x,t) =

)
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diffuziya vagqtlari 1 soat va 2 soatni tashkil etdi. Bir qancha o‘tkazilgan hisoblash natijalaridan
ba’zilarining grafigi, ya’ni Nn,p (cm™) - diffuziyalangan atomlarning konsentratsiyasi, x [um] —

diffuziya chuqurligiga bog‘ligligi 1-rasmda keltirildi.

10Y7 10Y7
@ i 9
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S =)
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= 10% = 106 4
2 z2
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—3 —3S
T,,=1180°C T. -1180°C
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a) b)

1-rasm. Kremniy monokristalliga dastlab rux (T=1180°C; 1 soat; 2 soat so‘ngra
oltingugurt (T=1250°C; t=20 soat) kirishma atomlari diffuziyasining chuqurlik bo‘yicha
tagsimlanishi: a — t=1 soat; b — t=2 soat.

2. Kremniyga S va Zn kirishma atomlarini bir vaqtda (parallel) T=1250°C haroratda
diffuziya qgilish mexanizmi. Kremniy monokristalliga oltingugurt va rux kirishma atomlarining
parallel diffuziyasi, ya’'ni turli vaqt va harorat sharoitlarida bir vaqtda (parallel) oltingugurt va rux
kirishma atomlari diffuziya qilingandagi taqsimoti hisoblandi. Bunda diffuziya jarayoni 1250°C
haroratda bajarildi va diffuziya vaqtlari 10 soat va 20 soatni tashkil etdi. Bir gancha o‘tkazilagan
hisoblash natijalaridan ba’zilarining grafigi, ya’ni Nn,p (cm™) — diffuziyalangan atomlarning
konsentratsiyasi, x [um] - diffuziya chuqurligiga bog‘ligligi 2-rasmda keltirildi.

10Y
. 10%7
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1015_ * S 1055 ——3S
104 T T T T T T T T T 10" T T T T T T T T T
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a) b)

2-rasm. Oltingururt va rux kirishma atomlarini kremniy monokristalliga
T=1250°C haroratdagi parallel diffuziyasining taqsimoti: a - t=10 soat; b - t=20 soat.

Olib borilgan tahlillar va hisoblashlar natijasida kremniyda ZnS binar nanoklasterlarining
hosil bo‘lishi uchun zarur shartlar aniqlandi. Xususan, rux va oltingugurt kirishma atomlarining
ketma-ket diffuziyasida dastlab rux, so‘ng oltingugurt atomlarini kiritish maqsadga muvofiq
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ekanligi aniglandi. Ushbu jarayonda rux uchun magbul diffuziya harorati 1180°C, oltingugurt
uchun esa 1250°C bo‘lishi aniglandi.
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XLORBENZOL MOLEKULALARINING DEFORMATSION TEBRANISH
CHASTOTALARINI RAMAN SPEKTRLARI YORDAMIDA TAHLIL QILISH

Sh.T. Ahmedov
Chirchiq davlat pedagogika universiteti

Ushbu maqolada suyuq aromatik uglevodorodlar gatorida bo‘lgan xlorbenzolning tebranish
spektrlari Raman spektroskopiyasi yordamida keng chastota diapazonida o'rganilgan. Atomlar
turli chastotada tebranish rejimlari spektrlar bo'yicha olingan ma'lumotlardan aniglanadi.
Xlorbenzol moddasi uchun potentsial to'siglarni hisoblash uchun yarim emprik usuldan
foydalanish imkoniyati ko'rsatilgan.

Molekulalarning tebranish spektrlari chiziglarning maksimal joylashuvi, ularning
intensivligi va shakli bilan tavsiflanadi. Molekulyar o‘zaro ta’sirlar natijasida yuzaga keladigan
ushbu parametrlarning o‘zgarishini o‘rganish suyuqliklarning tuzilishi [1-3], shuningdek
molekulyar dinamikani o‘rganishga imkon beradi. Suyuqliklardagi molekulalararo o‘zaro ta’sirlar
molekulalardagi atomlararo bog‘lanish kuch konstantalarining o‘zgarishiga olib keladi.

Ushbu of‘zaro ta‘sirlarning dinamik tabiati suyugliklarning tebranish spektrlaridagi
chiziglarning kengayishiga sabab bo'ladi. Suyuglikda turli komplekslar va assotsiatsiyalar hosil
bo'lishi bilan bog'lig bo'lgan nisbatan uzog muddatli lokal tartibning mavjudligi molekula ichidagi
tebranishlar chastotalarining o'zgarishida namoyon bo'ladi. Tagdim etilgan ishda biz xlorbenzol
(CsHsCl) suyuq aromatik uglevodoroddagi molekulalararo o‘zaro ta’sirlarni Raman spektrlarini
tahlil qilib o‘rganamiz. Xlorbenzol moddasi benzol halgasidan iborat bo'lib, uning bir vodorod
atomi xlor (CI) atomi bilan almashtiriladi. Raman spektrlari 785 nm to‘lqin uzunlikka ega lazerli
Raman spektrometri yordamida gayd etilgan. Bu usul yugori sezuvchanlikka ega bo'lgan juda
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ixcham moslashuvchan tizim bo'lib, zaif sochilish spektrlarini gayd qilish uchun ishlatilishi
mumkin. Eksperimental qurilma sxemasi 1-rasmda keltirilgan.
ccD
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1-rasm. Raman spektrlarini qayd gilish uchun eksperimental qurilma sxemasi.
100-5000 cm* spektral diapazonda skanerlash mexanizmi, hamda (785 nm)
go'zg'atuvchi lazerni o'z ichiga oladi.
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2-rasm. Suyuq xlorbenzolning strukturaviy tuzilishi va uning Raman spektri

100-5000 cm™ spektral diapazondagi sof suyuq xlorbenzolning olingan Raman
spektrlarining umumiy ko‘rinishi 2-rasmda keltirilgan. Suyugliklardagi molekulalarning tebranish
relaksatsiyasi asosan molekulalararo o'zaro ta'sirlar bilan belgilanadi. Molekulyar tebranishlarda
relaksatsiyaning uch mexanizmi ajralib turadi; (i) energiya relaksatsiyasi, bu molekula ichidagi
tebranishlar energiyasini harakatning boshga barcha erkinlik darajalariga, shu jumladan
molekulalarning translatsion va aylanish harakatlariga va boshqa tebranish rejimlariga targalishi;
(i) faza relaksatsiyasi, ya'ni atrofdagi molekulalar bilan to'gnashuv yoki boshgacha aytganda,
mahalliy maydon tebranishlari orgali molekula ichidagi tebranishlarning fazaviy modulyatsiyasi;
(iii) rezonans energiya almashinuvi - bir xil turdagi ossilatorlar o'rtasida molekula ichidagi
tebranishlarning energiya kvantlarining almashinuvi [4].

Bizning eksperimental ma'lumotlarimizga ko'ra, xlorbenzolda C-CI ning Raman chiziglari
murakkabdir. Xlorbenzol uchun taxminan 195 cm™, 418 cm, 1001 cm™ va 3069 cm™ chastotali
to'rtta asosiy diapazonni ajratish mumkin. Raman diapazonlarini deformatsion tebranishlarini
maxsus nazariy tahlillarsiz belgilash giyin, chunki bu suyugliklarning tebranish spektrlari juda
murakkab. Shuning uchun o'rganilayotgan suyuqgliklardagi Cl ning deformatsion chastotalarini
hisoblash yarim empirik usullarga asosan B3LYP 6-31G metodida bajarildi
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(1-jadval).
v, cm?
Adabiyotlarda Tajriba Hisoblash Band
418 415  (C-Cl)
609 614 614  (C-C)
1001 1001 1012  (C-C)
1156 1156 1188 d (C-H)
1580 1584 1615  (C-C)
3068 3069 3176 v (C-H)

1-jadval. Deformatsion tebranishlari hisoblangan yakuniy tajriba chastotalari

Umuman olganda, B3LYP 6-31G usuli aniqg va ishonchli natijalarni tagdim etish bilan birga,
ilmiy tadqiqotlarda keng qo'llaniladi. Bizning tadqiqot natijalariga ko‘ra eksperimental olingan
ma’lumotlar nazariy hisoblashlar bilan mos tushadi (3-rasm).

N

a0 30 2080 250 200 1630 120 ml

3-rasm. Kvant kimyoviy usulda hisoblashlardan olingan natija

Agar tebranishlarining potentsial to'sig'ining balandligi ma'lum bo'lsa, mos keladigan
chastotani topish va hisoblangan giymatlarni eksperimental kuzatilganlar bilan tagqoslab,
tebranishlarning chastotalarini aniglash giyin emas. O'rganilayotgan moddalar uchun burilish
tebranishlarining hisoblangan chastotalari va tegishli tajriba giymatlari 1-jadvalda keltirilgan,
ko'rinib turibdiki, hisoblangan va eksperimental chastota giymatlari qonigarli mos tushadi. Bunday
holda, potentsial to'signing balandligi U va burilish tebranishlarining chastotasi v o'rtasidagi
bog'liglik quyidagicha [5] bo‘ladi:

I (1)

2mcA 2’

Agar og'irroq guruhlarni o'z ichiga olgan molekulalar uchun spektrning eng past chastotali
sohasida joylashgan chiziglar odatda burilish tebranishlari bilan bog'liqg bo'lsa, xlor almashgan
benzollarda burilish tebranishlari holatiga tegishli chiziglar nisbatan keng spektrli 710 sm™
sohada yotishi mumkin. Tahlil gilingan manbalarga asoslanib, xlorbenzol molekulalaridagi
repulsiya energiyalari uning kimyoviy tuzilishi va elektron zichligiga bog'lig. Masalan, benzolda
elektron zichligi bir xil tagsimlanadi, xlorbenzolda esa xlor atomi elektronga tortuvchi xususiyatga
ega bo'lib, bu halganing elektron zichligini pasaytiradi va repulsiya energiyasini kamaytiradi.
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INVESTIGATION OF THE INTERACTIONS BETWEEN AMINO ACIDS AND
UREA MOLECULES

U.Holikulov, A.Jumabaev
Samarkand State University, Samarkand, Uzbekistan.
utkirxolikulovl2@gmail.com

The study of amino acid-urea interactions is a popular research topic because of its
importance in protein structure, function, and stability. The presence of multiple hydrogen-donor
and hydrogen-acceptor sites in amino acids and urea molecules makes them ideal systems for
studying intermolecular hydrogen bonding [1]. The aim of this study is to analyze the structural,
electronic, and vibrational properties of complexes of amino acids such as glycine (Gly), alanine
(Ala), and serine (Ser) with urea molecules using quantum mechanical computational methods.
Quantum mechanical calculations were performed using the density functional theory (DFT)
method with the B3LYP functional and the 6-311++G(d,p) basis set.

The computational results showed that the optimal geometry of amino acid-urea complexes
is stabilized by hydrogen bonds and charge exchange between donor-acceptor sites (Fig. 1).
Molecular electrostatic potential (MEP) surface analysis revealed the electrophilic and
nucleophilic centers of amino acids and urea molecules. It was found that the molecules have a
rich-electron density around the oxygen atoms and a poor-electron density near the hydrogen
atoms of the amino group. Frontier molecular orbital (FMO) analysis shows that the energy gaps
between the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) decrease upon complex formation, indicating an increase in chemical reactivity.
Atoms in Molecules (AIM) analysis confirms the presence of O-H...H, N-H...O, and O-H...N
hydrogen bonds in the complexes. Vibrational spectra showed red shifts in the O-H, N-H, and
C=0 stretching frequencies, confirming the presence of hydrogen bonds. AIM analysis identified
bond critical points (BCPs) with high electron density, indicating strong hydrogen bonds. Non-
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covalent interaction (NCI) analysis confirmed the presence of intermolecular interactions, with
distinct peaks corresponding to hydrogen bonds and van der Waals forces.

NP ol ¢ *~~
% .0 e
» 3“’}‘
e P4 ~
ey T
Ala-urea Gly-urea Ser-urea

Fig. 1. The optimized geometric structures of amino acid — urea complexes

This study investigated the nature of the intermolecular interactions between urea and the
amino acids Ala, Gly, and Ser. The analyses revealed that hydrogen bonding and charge transfer
play important roles in stabilizing urea-amino acid complexes.
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XOLL EFFEKTINI KORPUSKULAR NAZARIYA YORDAMIDA ANIQLASH

Y.l. Ismoilov, D.B.Ahmadjonova
Farg‘ona davlat universiteti, fizika yo ‘nalishi talabasi

Xoll effekti, 1879-yilda kashf etilgan, tok oqimi bo‘lgan o‘tkazgichga ko‘ndalang magnit
maydoni qo‘llanganda kuzatiladi. Bu sharoitda o‘tkazgichda mavjud bo‘lgan uzunlamasina elektr
maydon bilan birga, ko‘ndalang elektr maydon paydo bo‘ladi, shunday qilib tok (o‘tkazgich
bo‘ylab oqishda davom etadi) va elektr maydon bir-biriga parallel bo‘lmaydi. Natijada namunada
ko‘ndalang potentsiallar farqi paydo bo‘ladi. Xoll effektining paydo bo‘lish sababi elektronlarning
magnit maydoni tomonidan chetga surilishidir.
Qattig jismlarning zonali nazariyasi ishlab
chigilishidan oldin, nega elektronlar — tok
tashuvchilar — ba'zan ijobiy zaryadlar
surilishi  kerak bo‘lganidek surilganligi
tushunarsiz edi.

Biroq, quyida ko‘rsatilganidek, kovaklar
uchun aynan shunday effekt kutilgan.
Avvaliga Xoll effektini Kirish, tasvirlash
maqgsadida termal tezliklar zarralarning
harakatini  e'tiborsiz  qoldirib, har bir

1-rasm. Xoll effektini kuzatish
bo‘yicha eksperiment sxemasi.
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to‘gqnashuvdan keyin ular dam olish holatiga kelgani deb hisoblaymiz, shunda zarrachalar harakati
go‘llanilgan maydonlar tomonidan to‘liq belgilanadi.

Xoll effekti bu ko‘ndalang galvanomagnit effekt bo‘lib, uning mohiyati quyidagidan iborat:
agar yarimo‘tkazgichdan asosidagi plastinkani tashqi magnit maydoni B ga joylashtirib, plastinka
bo‘ylab tok o‘tkazilsa va magnit maydoni bilan kesishgan elektr maydoni hosil qilinsa,
harakatlanayotgan zaryadlarning plastinaning bir chetki tomoniga siljishi natijasida Xoll
kuchlanishi deb ataladigan ko‘ndalang potensiallar farqi yuzaga keladi.

p< §<
N N Y Y Y Y
E —i
— i EH
F = —_— F -
O ~~~_)E, — O _ -
. U -
U . . E
p— —
®-B >=J @5 —
VO—————————= 'y VT T T T I T T T I X
a) b)

2-rasm. Kovakli (a) va elektronli (b) yarimo‘tkazgichlarda asosiy zaryad
tashuvchilarning siljishi.

Har ikki holatda ham 6 xoll burchagi ko‘rsatilgan bo‘lib, u x o‘qi bilan natijaviy elektr
maydon kuchlanganlik vektori orasida hosil bo‘ladi. Xoll effektni batafsil ko‘rib chigamiz. 1-
rasmda yarimo‘tkazgich namunasi ko‘rsatilgan, uning ikki qirrasi to‘g‘rilanmaydigan kontaktlar
orgali tashqi batareyaga ulangan.

x o‘qini tok zichligi jyo‘nalishida tanlaymiz. Magnit maydoni B Oy o‘qi yo‘nalishida
bo‘lsin. Masalan, erkin elektronni ko‘rib chigamiz, u Ox o‘qining manfiy yo‘nalishida o‘rtacha ¥
tezlik bilan harakatlanadi.

Ma’lumki, magnit maydonida harakatlanayotgan elektronga Lorens kuchi ta’sir qiladi:

F = —e[#,B], 1)

bu yerda e - elektron zaryadining qiymati. Lorens kuchi ta’siri natijasida elektronning
trayektoriyasi z o‘qi yo‘nalishida biroz og‘adi va bu yo‘nalishda tok o‘ta olmaganligi sababli
elektronlar yon sathda ( z = a, 1-rasmga qarang) to o‘sha yo‘nalishda Lorens kuchiga teng, lekin
yo‘nalishiga qarama-qarshi bo‘lgan Xoll elektr maydon kuchlanganligi EH hosil bo‘lguncha
to‘planadi. Bu kuchlarni tenglashtirgan holda, quyidagini olamiz:

Ey = [7,B] 2
Om gonunining differensial ko‘rinishidan foydalanib, ushbu ifodani olamiz:
j=o-E ©)

bu yerda ¢ =e-n-u, - namunaning o‘ziga xos elektr o‘tkazuvchanligi, n - zaryad
tashuvchilar (bu holda - elektronlar) konsentratsiyasi, u,, = %) - elektronlar harakatchanligi, ya’ni
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elektr maydonining birlik kuchlanishida ularning o‘rtacha dreyf tezligiga teng bo‘lgan qiymat. (3)-
munosabatni quyidagicha gayta yozamiz:

j=e-n-p,-E=—e-n- (4)
(2) munosabatdan v ni chigarib tashlasak, biz quyidagilarni olamiz:
- 1 P -
Ey,=——-[,B]=R-[],B] S
w=——"0Bl=R-[,B] (5)
Namuna orqali o‘tadigan to‘liq tok I =j-a-b va ko‘ndalang kuchlanish Uy = Ey a,
ekanligini yodda tutgan xolda, Xoll EyuKni (rasshifrovka zarur) namunadagi elektr toki bilan
bog‘lovchi quyidagi tenglamani olamiz:
I-B
b
R — kattalik Xoll doimiysi deb ataladi va n -tip yarimo‘tkazgichlar uchun quyidagicha
aniglanadi:

U;=R- (6)

R=——— (7
e-n

shu bilan birga, Xoll doimiysi Ry ni quyidagicha ifodalash mumkin:
Uy-b
Ru=TTp
bu yerda Uy - Xoll kuchlanishi, b - namunaning galinligi, I — tok kuchi, B — tashgi magnit
maydoni induksiya vektori. Shunday qilib, kuchli magnit maydonlarida Xoll koeffitsiyenti
shunday sodda ko‘rinishga ega bo‘ladi.

Xoll effekti, korpuskulyar nazariyaga asoslanib, yorug'likning fotonlar shaklida modda bilan
o'zaro ta'sirini tushuntiradi. Xoll effekti magnit maydon ta’sirida harakatlanuvchi zaryad
tashuvchilarning yon tomonlarga siljishi natijasida ko‘ndalang potensiallar farqining hosil bo‘lishi
bilan izohlanadi. Tadgigotda ushbu effektning fizik mohiyati, matematik ifodalari va uning
yarimo ‘tkazgich materiallaridagi ahamiyati tahlil qilindi. Xoll kuchlanishi va Xoll doimiysi orqali
zaryad tashuvchilarning konsentratsiyasi va harakatchanligi aniqlanishi ko‘rsatildi. Olingan
natijalar yarimo‘tkazgich fizikasi va elektronika sohasida Xoll effektidan amaliy foydalanish
imkoniyatlarini belgilaydi.

(8)
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SPECTROSCOPIC AND COMPUTATIONAL INVESTIGATION OF
MOLECULAR COMPLEXES OF IBUPROFEN WITH SOLVENT MOLECULES

A.Jumabaev, U.Holikulov
Samarkand State University, Samarkand, Uzbekistan.
utkirxolikulovl2@gmail.com

Study of the intermolecular interactions of drugs with solvents is essential for optimizing
drug formulation, solubility, and pharmaceutical properties [1]. lbuprofen is a widely used
nonsteroidal anti-inflammatory drug. Solvents such as ethanol (EtOH) and dimethylformamide
(DMF) are commonly used to increase drug solubility. Studying the interaction of ibuprofen with
these solvents provides information about its molecular stability.

The aim of this study was to study the intermolecular interactions between ibuprofen and
solvents (EtOH and DMF) using vibrational spectroscopy and quantum chemical computational
methods. Raman and Fourier Transform Infrared (FTIR) spectroscopy were used to analyze the
effects of solvents on the vibrational spectra. Raman spectra of the samples were recorded using a
Renishaw InVia Raman spectrometer, and FTIR spectra were recorded using a Shimadzu
IRTracer-1S spectrometer at room temperature. Quantum chemical calculations were performed
using the Density Functional Theory (DFT) method at the B3LYP/6-311++G(d,p) level in the
Gaussian 09W program [2].

The results of the study showed that ibuprofen and solvent molecules form molecular
complexes with different structures using intermolecular O-H...O and C-H...O hydrogen bonds

(Fig. 1).

Figure 1. Optimal geometric structures of the complexes of ibuprofen with DMF
(a) and EtOH (b) molecules

Molecular electrostatic potential (MEP) surfaces were simulated to identify the active sites
in intermolecular interactions in ibuprofen, solvents, and their complexes. The MEP surfaces
showed that the most negative electrostatic potential surface (electrophile) is located around the
oxygen atoms of ibuprofen, and the most positive electrostatic potential surface (nucleophile) is
located near the hydrogen atoms of the O-H group. The vibrational spectra confirm the structural
changes induced by solute-solvent interactions, with significant shifts in the O-H and C=0
stretching frequencies of ibuprofen. Atoms in Molecules (AIM) [3] analysis was used to analyze
the topological parameters of the electron density at critical points along the bonding path between
ibuprofen and solvent molecules. The results of the analysis confirmed that the molecular
complexes are formed by moderate O-H...O and weak C-H...O hydrogen bonds.
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In this study, the interaction of ibuprofen with ethanol and DMF molecules was investigated
using experimental and quantum chemical computational methods. The experimental and
computational results supported each other and confirmed that hydrogen bonds are the dominant
character in the formation of molecular complexes.
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INTERMOLECULAR INTERACTIONS IN AQUEOUS ANILINE: RAMAN
SPECTROSCOPY AND DFT STUDY

B. Khudaykulov
Sharof Rashidov Samarkand State University 15 University Blvd.,
140104, Samarkand, Uzbekistan;
bekzodxudaykulov30@gmail.com

The study of the nature of intermolecular forces has been the focus of attention of scientists
for many years. This is because the interaction forces provide a basis for studying not only the
physicochemical, but also the biological properties of molecular systems [1]. Along with the
widely studied hydrogen bond (H-bond), it is also important to study weak (van der Waals and
other) interactions [2]. In this work, in order to study the effect of aniline on solutions, the
vibrations of aniline in water were analyzed using Raman spectroscopy. The interactions in
aniline-water complexes, molecular electrostatic potential surface (MEPS) surface, frontier
molecular orbital (FMO) analysis, atoms in molecules (AIM), reduced density gradient (RDG) and
guantum chemical parameters such as non-covalent interaction (NCI), electron localization
functions (ELF) and localized orbital locator (LOL) were analyzed using calculations.

Raman spectra of aniline and its aqueous solution were recorded on a Renishaw Invia Raman
spectrometer and calculations were performed using the density functional theory (DFT) method,
the Gaussian 09W program.

Fig. 1 shows that the maximum of the symmetric C-H stretching band in the TCM solution
corresponds to 3102 cm™ in Raman, but in the 1M TCM solution, it is 3112 cm, with a blue
shift of 10 cm™. The solutions are given in mole fraction (m. f.). The maximum of the N-H
vibration band involved in mutual hydrogen bonding is at 3359 cm, which does not shift at 0.9
m. f. However, when the concentration is reduced to 0.6 m. f., a red shift to a lower frequency
of 3353 cm™ occurred. This means that this aniline forms H-bonds with water through N-H. In
the C-H and CC+NHN vibration bands, a blue shift of 2 and 4 cm™ occurred to a higher
frequency, respectively, with a decrease in the concentration of aniline. Similarly, the maximum
of the NC+HCC+CCC vibration system corresponds to 1276 cm™ in pure form, and a blue shift
of up to 4 cm™ (1280 cm™) was observed at a concentration of 0.7 m. f. With a decrease in
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concentration, there was no change in the CC+CCC+HCC (1028), CC+CCC (996), and
HNH+HNCC (817) bands.
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Fig. 1. Raman spectra of TCA in TCM solutions

This means that the red-shift is due to the formation of H-bonds between aniline and water
through the HN group. With the remaining atoms (for example, C-H), blue-shift or no shift was
observed due to weak or van der Waals interactions. In order to confirm these results, quantum-
chemical calculations were performed.
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INVESTIGATION OF INTERMOLECULAR INTERACTIONS IN ETHYL ACETATE
SOLUTIONS

B. Khudaykulov
Sharof Rashidov Samarkand State University 15 University Blvd.,
140104, Samarkand, Uzbekistan;
bekzodxudaykulov30@gmail.com

The study of molecular complexes provides the foundation for understanding noncovalent
interactions, which are significant in many fields of science [1]. Noncovalent interactions are
significant in chemistry, biology, and material science. Because macromolecules in live beings are
primarily bound by weak, non-covalent (H-bonding, van der Waals interactions, etc.) interactions.
The goal of this research is to understand the noncovalent interactions of aniline (PhNH>)-ethyl
acetate (EtOAc) complexes on a microscopic scale and to study the changes in vibrational
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spectroscopy. Therefore, in this work, PhNH> and its interactions with EtOAc, as well as its effect
on vibrational bands, were examined using vibrational spectroscopy (Raman). Quantum-chemical
computations were carried out utilizing the density functional theory (DFT) approach using
Gaussian 09W software.

Figure 1 depicts the Raman spectra of pure PANH. and its solution in EtOAc in the 500-1800
cm™ range. Experiments were carried out using pure PANH,, at concentrations of 0.9, 0.7, 0.5, 0.3,
and 0.1 mol fraction (m.f.), as well as pure EtOAc. The PED analysis results for vibration
frequencies are based on previous research [2-3]. The spectra of PANH2 and EtOAc are labeled in
blue and violet, respectively.
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Fig. 1. Raman spectra of PhNH2 in EtOAc solutions in the region of 500-1800 cm-!

For pure PhNH_, the CCC binding and CC stretching vibration maxima were 532 cm™;
however, a blue shift was observed as the concentration of PhNH. decreased in EtOAc solution.
There was no change in the bands corresponding to maxima at 620, 816, 827, 996, and 1029 cm"
! For pure PhNH,, the band formed by the sum of HCC binding and CC stretching vibrations was
1155 cm™. When the concentration of PhNH reduced to 0.3 m.f., the band maximum remained
unchanged, but a 3 cm™ red shift was noticed when it reached 0.1 m.f. The HNC band with a
maximum at 1176 cm™ of pure PhNH: displays a red shift of 3 cm™ at 0.3 m.f. The explanation
for this shift is the NH2 group's H-bond. In the pure state, vibrational bands with maximums at
1729, 1603, and 1620 cm™! were blue-shifted to 7, 2, and 6 cm™ as PhNH. concentration decreased.
The weak H-bonding or Van der Waals interactions, which arise primarily through the C-H group,
could explain such blue shifts. Figure 2 depicts the Raman spectra of pure PhNH: and its EtOAc
solution in the range 2800-3500 cm™. This region is mostly occupied by vibrational frequencies
associated with PANHz's C-H and N-H groups. In pure form, C-H vibration bands correspond to
maxima of 3055 and 3072 cm™; when the concentration of PhNH. decreased, this maximum
shifted to a higher frequency, and when the concentration reached 0.1 m.f., 3 cm™ blue shift was
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observed. The studies revealed a blue shift in the C-H-bonded vibration maxima when the
concentration of PhNH: in the EtOAc solution decreased as compared to the pure condition. The
NH: group's H-bonds primarily exhibited a red shift.
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ZI1G-ZAG KABI TAKRORLANUVCHI DOIRAVIY POTENSIAL TO*‘SIQLI
GRAFENDA ELEKTRON SOCHILISHI

M. Sulaymonov!”, X. Yusupov?, A. Uzogov*?, Sh. Nurmatov?, X. Rahimov!
L O zbekiston Respublikasi Fanlar akademiyasi Materialshunoslik instituti, Toshkent
2 Kimyo xalgaro universiteti, Toshkent
3 Toshkent davlat pedagogika universiteti, Toshkent
“m.sulaymonov@imssolar.uz

Ideal yoki nugsonli grafenlar nanoelektronika sohasida foydalanish uchun hozirda mavjud
bo‘lgan ikki o‘lchamli (2D) materiallar orasida eng istigbolli materiallardan hisoblanadi [1,2].
Shuning uchun, strukturaviy nugsonlar mavjudligida zaryad tashuvchilarning dinamikasini
tushuntirish, grafen asosli nanoelektronik jihozlar ishlab chigarishda muhim amaliy ahamiyatga
ega. Ushbu ishda biz zig-zag kabi takrorlanuvchi davriy statik potentsial to‘siglar mavjud
bo‘lganda (1-rasmga) grafenda zaryad tashuvchilarning xarakati dinamikasi o‘rganildi, buning
uchun relativistik elekton uchun nostasionar Dirak tenglamasini yechish talab gilinadi. Bunda
elektronni to‘lqin uyumi sifatida qaraldi. To‘lqin uyumi bunday sohada to‘siqqa uchrashi
natijasida materialning o‘tkazuvchanligi o‘zgaradi [3]. Turli xil nugsonlar mavjud grafenlarda
to‘lgin uyumining tarqalishini o‘rganish uchun keng gamrovli tadqiqotlar olib borilmoqda [4,5].
Biroq, potensial to‘siqlar orqali to‘lqin uyumining tarqalishi bo‘yicha nazariy tadqiqotlar to‘liq
o‘rganilmagan. Ushbu ishda biz, grafenda hosil bo'lishi mumkin bo‘lgan zaryadlangan sohalarning
(elektron va kovaklarga boy bo‘lgan) zig-zag kabi takrorlanuvchi panjarani modellashtiramiz.
Bunday grafendagi to‘lqin uyumining vaqt bo‘yicha evolyutsiyasini o‘rganish uchun nostatsionar
Dirak tenglamasini yechish talab gilinadi[6-8]. Ushbu usul tasodifiy tagsimlangan statik potentsial
mavjud bo‘lgan grafenda to‘lqin uyumining evolyutsiyasi uchun samarali tadbiq qilingan [9].
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1-rasm. To‘lqin uyumining zig-zag kabi takrorlanuvchi doiraviy
potensial to'sigli grafen targalishi tasvirilangan. Qizil va ko‘k ranglar, mos
ravishda musbat va manfiy elektostatik potensial maydonni ifodalaydi.

Ushbu rasmlarda, radiusi R bo'lgan har bir doira odatda tajriba orgali grafen namunalarida
kuzatiladigan elektronga boy va kovaklarga boy sohalar mavjudligini ifodalaydi. Sochuvchi
markazlar sifatida modellashtirilgan ushbu to‘siglar o‘zgaruvchan musbat ( +Vo) va manfiy (-V o
) potensiallarni almashib turish orgali mos ravishda elektronlar yoki kovaklarning yuqori zichligi
bo‘lgan sohalarni ifodalaydi va shu bilan birga butun sochuvchi soha bo‘ylab umumiy zaryadni
neytralligini taminlaydi. Rasmdqagi qizil va ko‘k ranglar, mos ravishda musbat va manfiy
elektostatik potensial maydonlarni ifodalaydi. Barcha hisoblashlarda, to‘lqin uyumi energiyasi
E=100 meV va kengligini ax=10 nm deb oldik. Markazlar orasidagi masofa 6 =21 nm va d =28 nm
deb garadik.
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2-rasm. Namunalarda to‘lqin uyumining o‘tish ehtimolligi doira
radiusining uch xil giymati uchun (R=5 nm, 7nm, va 9 nm) va potensial
to‘siq balandligiga bog‘ligligi hisoblandi.

Sochilishni kamayishi, aynigsa, to‘lqin uyumi potensial mavjud hududda bo‘lsa uning
tarqalishiga sezilarli ta’sir qilishi kuzatildi. To‘siq balandligi oshgani sayin, sochilish ehtimolligi
yanada kamayar ekan (2-rasmga garang). Sochuvchi soha umuman olganda zaryadsiz (neytral)
bo‘lishiga qaramasdan, bunday davriy panjaraning mavjudligi grafendagi to‘lqin uyumining
tarqalishiga sezilarli ta’sir qilishi aniqlandi.
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2-rasmda to‘lqin uyumining sochilish ehtimolligini, to‘siq balandligi qiymatiga bog‘liqligi
keltirilgan. Doira o‘lchamining ta’siri nuqtalar orasidagi masofa oshgani sayin yanada yaqqol
namoyon bo'ladi. Nugqtalar ko’proq tarqalgan konfiguratsiyalarda to‘lqin uyumi har bir potensial
sohalar bilan uzoqroq vaqt davomida ta’sirlashadi va potential o‘lchamining ta’sirini kuchaytiradi.
Kattaroq doiralar kuchliroq sochuvchi potentsiallarini yuzaga keltiradi va o‘tish ehtimolligini
yanada kamaytir ekan.
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OKSID PEROVSKITLARNING TERMOELEKTRIK MATERIAL SIFATIDA
XOSSALARI

F. Yo‘lchiyeva, G. Abdurahmonov
O ‘zbekiston Milliy Universiteti Fizika fakulteti
yulchiyevafarogat@gmail.com

Umumiy formulasi ABX3 bo’lgan (A va B — musbat zaryadlangan ionlar - kationlar, X esa
manfiy zaryadlangan ion - anion) perovskitlarga gizigish keyingi yillarda kuchaygan [1-3]. Buning
sababi, perovskitlar, aynigsa oksidlar guruhiga (X = O) mansublarining Quyosh fotoelektrik
qurilmalari va termoelektrik generatorlar uchun samarali faol material bo’lishi imkoniyatidir [4].
Bu borada oksid perovskitlarning asosiy xossalari — tashqi ta’sirlarga chidamliligi va tarkibini keng
ko’lamda o’zgartirish, ya’ni undagi elementlarni deyarli butun davriy jadval bo’yicha tanlash
mumkinligidir. Bundan tashgari, AA'BB O3z va murakkabroq tarkibli perovskitlar borki,
ko’pchiligining termoelektrik xossalari hali deyarli o’rganilmagan. ABOs tarkibli perovskitlarning
ko’pchiligi izolyatorlar bo’lib [5], oraliq metal oksidlari bilan legirlash orqali solishtirma
qarshiligini keskin kamaytirish mumkin. Bunda perovskitlarning issiqlik o’tkazuvchanligi pastligi
ham muhim, va u legirlash jarayonida kam o’zgaradi.

Perovskitlarning energetik zonalari Fermi sathi Er yaginida odatda oraliq metal (OM) ning
d-orbitallari va kislorodning O2p-orbitallarining chatishuvidan hosil bo’ladi. Oktaecdral OM-O
koordinatsiya OM-d-orbitallarni ikki guruhga parchalaydi, ulardan biri uch gayta aynigan tog
orbitallari, ikkinchisi ikki gayta aynigan eq orbitallari. Fermi sathi Er ning ushbu orbitallarning gay
biriga tushishi d-elektronlarning zichligiga bog’liq bo’lib, u 0’z navbatida OM ning valentligiga
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va OM-O bog’lanishidagi zaryad tashish imkoniyatlariga bog’langan. Termoelektrik material
bo’lishga da’vogar oksid perovskitlarda Fermi sathi Er tog orbitallarining orasiga tushadi. Shunga
ko’ra, spin bo’yicha nisbatan yuqori darajada ayniganlik effektiv massaga ijobiy ta’sir ko’rsatadi

va zaryad tashuvchilarning
entropiyasi ~ oshishi  tufayli ~ Zeebek
koeffitsientining tajribada topilgan yuqori
giymatlariga olib keladi.

Legirlash jarayoni perovskitlardagi
boshlang’ich ~ atomlarni  almashtirish
hisobiga ham bo’lishi mumkin. Natijada
qo’shaloq va undan ham murakkabroq
perovskit  birikmalar  hosil  bo’ladi.
Shunday birikmalarga misol qilib titanatlar
SrixAxTi1yNbyOs (A = Ca, La, Ba, Eu),
manganatlar CaMn1.xNbxOz g va siyrak-yer
kobaltatlari LnCo1.xNixO3 (Ln = La, Pr, Perovskitning tuzilishi
Nd, Sm, Gd, Dy) ni korsatish mumkin.

Ularda 1000 K atrofida birliksiz sifatlilik ZT 0,37 yetgan, bu esa oksid termoelektrik materiallar
orasida yuqori ko’rsatkich(6). Oksid perovskitlarning e’tiborga loyiq jihatlaridan biri — ulardan
ajoyib termoelektrik xossali yuqori entropiyali materiallar tayyorlash mumkinligi.

Aytilganlardan ko’rinib turibdi-ki, oksid perovskitlarning termoelektrik qurilmalarda
go’llanish imkoniyatlari katta, aynigsa legirlash orqali murakkab tarkibli perovskitlar birliksiz
sifatliligi 2 dan oshirilsa. Bunda oksid perovskitlarning tabiatda keng targalgani va
texnologiyasining oddiyligi ham muhim.
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INTERMOLECULAR INTERACTIONS IN FORMAMIDE-DMSO SOLUTIONS

Sh.Yormatov, A.Jumabaev
Samarkand State University, Samarkand, Uzbekistan.
yormatovshavkat@samdu.uz

Polarized Raman spectroscopy is one of the most effective methods for studying the
properties of the vibrational symmetry of polar bonds. Identification of molecular vibrational
symmetry and orientation allows early detection of biomolecular changes [1]. Moreover, PRS can
be used to investigate the structure and vibrational symmetry of biomolecular systems such as
proteins, lipids, DNA, and RNA. The results obtained in this method directly depend on the
isotropic and anisotropic properties of the polarizability tensor of the molecule.

In this work, polarized Raman spectra of C=0 stretching and NH2 bending modes of
formamide (FA) and its solutions with various concentrations were analyzed. The structure and
properties of biologically important molecules such as DNA, RNA, proteins, and lipids are
strongly dependent on N-H--O=C interactions, which increases the relevance of studying
vibrational couplings in this bond. Polarized Raman spectra of neat FA and its binary solution with
dimethylsulfoxide (DMSO) at different concentrations were recorded using a Renishaw Invia
Raman spectrometer with a 1200 lines/mm grating.
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Fig. 1. Isotropic and anisotropic Raman spectra of solutions of FA with DMSO at
different concentrations and shift dynamics of their NCE. Spectral range 1500-1800 cm.

Figure 1 shows the isotropic and anisotropic Raman spectra of the binary solutions of FA
with DMSO and the dynamics of their NCE concentration-dependent changes. The figure shows
the decrease in the value of the NCE of the stretching and bending modes in solutions. The NCE
concentration dependence of the C=0 stretching mode in the solution of FA in DMSO is almost
linear. The slightly concave (upward) shape of the curve indicates a stronger interaction of DMSO
with the NH: groups. This has a strong effect on resonance vibrational couplings by disrupting the
short-range orientational ordering of formamide molecules.

This result may be due to the fact that DMSO has a stronger dipole moment than the FA, but
a smaller dielectric constant. Although the high dipole moment of DMSO plays an important role
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in this process, the low dielectric constant, i.e. its low screening ability (blocking an electric field),
complicates the mechanism of interactions.
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Si02(001) YUPQA QATLAM SIRTIDAN SOCHILGAN IONLARNING
ENERGETIK TAQSIMOTINI MODELLASHTIRISH

A.S. Ashirov, M.K. Karimov, S.B. Bobojonova, F.K Masharipov, Sh.F. Bardiboyeva
Abu Rayhon Beruniy nomidagi Urganch davlat universiteti,
karimov_m_k@urdu.uz

Kichik energiyali ionlarning sochilishi (KEIS) — materialning yuqori qatlamlaridagi
atomlarni aniglash imkonini beruvchi sirtni tahlil gilish usulidir. U kichik energiyali ionlarni sirtga
yo‘naltirish va sochilgan ionlarni kinetik energiyasini o‘lchashdan iborat. Agar ion inert gazdan
tashkil topgan va uning tushuvchi energiyasi bir necha keV dan past bo‘lsa deyarli barcha
sochilgan ionlar sirt atomlari ishtirokidagi hodisalar natijasidir. To‘gnashuvdan keyin
bombardimon qiluvchi ionning energiya yo‘qotishi kinematik jihatdan uning to‘qnashuvchi
sherigi (sirt atomi) massasi bilan bog‘lig, shuning uchun sochilgan ionlarning energiya tahlili
aslida sirtning massa tahlilini ta’minlaydi [1-2]. KEIS burchak bo‘yicha ajrata olish, bunda tushgan
ion dastasiga nisbatan namuna sirtining orientatsiyasi o‘zgaradi, va qo‘shimcha ravishda real
fazodagi sirt atomlari hagida strukturaviy ma’lumot beradi. Shubhasiz, to‘plangan ma’lumotlar
ko‘p komponentli metal oksid tizimlarni tadqiq qilishda alohida ahamiyatga ega.

Biz SiO2 (001)<110>, <i10> yuzasidan tushish burchagi ostida va 5 keV gacha bo‘lgan
boshlang‘ich energiya bilan sochilgan Ne* va Ar* ionlarni energetik tagsimotini o‘rgandik.

a b
Q0
80 3
100 70
30
o 11°
! 0 Sio, <110>
80 11
. 60 E, = 3000eV
SiO, <110> 0
E, = 1000eV
w604 u
© — o
= > a0
4
S e}
40
20
20 A
0 T T T T T 1 0 T /|<|7-| T T T T T T
150 160 170 180 190 200 210 1640 1660 1680 1700 1720 1740 1760 1780 1800 1820
E, Eq

300


mailto:karimov_m_k@urdu.uz

VI IIYBBA. KOHJIEKCAIIUSITTAHT AH MYXUTJIAP ®U3UKACH

80 3

70

11°
Sio, <110>
60 E, = 5000eV

40 4

dN/dE

20 4

0 T T T T T T T T 1
4600 4650 4700 4750 4800 4850 4900 4950 5000 5050

E
1-rasm. SiO2 (001)<110> sirtidan y=3°, 7°, 11° tushish burchaklarida va Eo=1 keV
(), 3 keV (b), 5 keV (c) da Ne* ionlarni energetik tagsimoti.

la-rasmda y=3°7°,11° tushish burchaklarida va E¢=1 keV bo‘lganda SiO, (001)<110>
sirtidan sochilgan Ne* ionlarni energetik tagsimoti keltirilgan. y=3° da energetik tagsimot fagat
bitta cho‘qqiga ega, bu sirt atom zanjiridan sochilgan ionlarga mos keladi. Olingan natijalar shuni
ko‘rsatdiki, bunday tushish burchagi va boshlang‘ich energiya qiymatlarida ionlar sirt kanallariga
kira olmaydi va sochilish faqat sirt atomlaridan bo‘ladi. Xuddi shunday cho‘qqi w=7° bulganda
ham kuzatildi, ya’ni yagona sirt atom qatoridan sochilgan ionlarga tegishli bo‘lgan cho‘qqi hosil
bo‘ldi. Tushish burchagini yanada oshishi (y=11°) bilan energetik spektrda yarim kanal
devoridagi atomdan sochilagn ionlarga va sirt atom qatoridan sochilgan ionlarga tegishli bo‘lgan,
keng sohani egallagan cho‘qqi kuzatiladi. Hisoblashlar shuni ko‘rsatdiki, boshlang‘ich
energiyaning ushubu qiymatida sirtga yo‘naltirilgan ion yarim kanal tubigacha etib bora olmaydi.

1b-rasmda SiO2 (001)<110> sirtidan y=3°, 7°, 11° tushish burchaklarida va Eo=3 keV da
Ne™ ionlarni energetik tagsimoti keltirilgan. Boshlang‘ich energiyaning qiymatini oshishi ikkita
cho‘qqili tagsimotining shakllanishiga olib keladi. y=3° da yarim kanaldan sochilgan ionlar soni
atom zanjiridan sochilgan ionlar sonidan ko‘p ekanligini ta’kidlash kerak. y=7° bo‘lganda ham
ikki cho‘qqili tagsimot kuzatiladi, ammo tushish burchagining bu qiymatida sirt atom qatoridan
sochilgan cho‘qqining intensivligi katta. Yarim kanal devoridagi O atomlaridan sochilgan
ionlarning energiyasi sirtdan sochilgan ionlar energiyasiga deyarli yaqin qiymatga ega bo‘lgani
uchun ularga tegishli spektr yarim kanal va sirt atom gatoriga tegishli ionlar hosil gilgan spektr
orasiga joylashadi. y=11° bo‘lganda ham sirt atom zanjiridan sochilgan ionlarning cho‘qqisini
intensivligi yarim kanaldan sochilgan ionlar cho‘qqisining intensivligidan ancha katta. Yarim
kanaldan sochilgan ionlar hosil qgilgan cho‘qqidan oldin esa sirt atom qatori bilan birinchi qatlam
va birinchi qatlam hamda yarim kanal tubi orasidagi devordan sochilgan ionlarga tegish bo‘lgan
cho‘qgqilar hosil giladi.

Biz ko‘rib chiqgan tushish burchaklarning barcha giymatlarida boshlang‘ich energiya
giymati Eo=5 keV bo‘lsa, sirt atom zanjiridan sochilgan ionlarning cho‘qqisi yarim kanalga
garaganda bir necha baravar intensivliroq (1c-rasm). Energiyaning ortishi bilan ionlarning yarim
kanalning devorlarida juda ko‘plab to‘qnashuvlarga uchragani uchun yarim kanalga tegishli
cho‘qqilar keng oraligga joylashadi. Shuni ta’kidlash lozimki, tushish burchagini ushbu
giymatlarida yarim kanal devoriga joylashgan O atomlari ta’sirida cho‘qqining kengligi ortgan,
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ya’ni O atomlaridan sochilgan ionlar yarim kanal tubi va sirt atomlaridan sochilgan ionlar hosil
ionlar energiya giymatlarining orasiga joylashadi.

Yugqorida keltirib o‘tilgan energetik taqsimotlardan shuni kuzatish mumkinki, sirt atom
gatori va yarim kanal tubidan sochilgan ionlarga tegishli bo‘lgan cho‘qqilar qatorida yarim kanal
devoridan sochilgan ionlarning cho‘qqilari ham kuzatildi. Yarim kanal devoriga joylashgan
atomlar ta’sirida sirt atom qatoriga tegishli cho‘qqining kengligi ortgan, ya’ni yarim kanal devori
va yarim kanal tubida joylashgan atomlardan sochiladi.
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Si<Mn, S> NAMUNALARINING O‘TKAZUVCHANLIGINI HARORATGA
BOG‘LIQLIGI

A.Sh. Mavlyanov!, B.A. Abdurahmonov?, G.O. Abdurazzaqgova®, M.A. Maxmudov*
130 zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar fizikasi va mikroelektronika
ilmiy-tadqgiqgot instituti
?Islom Karimov nomidagi Toshkent davlat texnika universiteti
*U.A.Arifov nomidagi lon-plazma va lazer texnologiyalari instituti

Marganes va oltingugurt bilan legirlangan kremniyning o‘tkazuvchanligini haroratga
bog‘ligligini tadqiq etish uchun kremniy namunasi bir vaqtning o‘zida hamda ketma-ket ravishda
oltingugurt va marganes kirishmalari bilan legirlandi. Kremniy namunalariga krishmalarni kiritish
gaz fazasidan diffuziya usuli bilan kavsharlangan kvars ampulalarda amalga oshirildi.
Boshlang‘ich materiali sifatida tarkibida bor konsentratsiyasi N=7-10'> cm™ bo‘lgan, solishtirma
garshiligi p=3 Q-cm ni tashkil gilgan monokristalli kremniy KJIb-3 (111) ishlatildi.

Diffuziya jarayonining harorat rejimi shunday tanlandiki, Mn va S kirishmalarning bir
vaqtda diffuziyasi amalga oshirilayotgan ampulalarda dastlab, oltingugurt atomlari bug‘lanib,
ularning diffuziyasi boshlanadi. Marganes diffuziyasi esa yuqori haroratlarda va keyinroq yuz
beradi. Ammo marganes atomlarining kremniydagi diffuziya koeffitsiyenti oltingugurtning
diffuziya koeffitsiyentiga qaraganda yuqori bo‘lganligi tufayli, ularning butun hajm bo‘ylab bir
tekis legirlanishi ta’minlanadi.

Kremniy namunalarining o‘lchami 8x5x1 mm? bo‘lib, kirishmalar (diffuzant) bilan birga
diffuziya pechiga xona haroratida joylashtirildi. Diffuziya haroratida ampula ichidagi bosim bir
atmosferadan oshmaydigan gilib parsial bosim ps tanlandi. Diffuzantlarning ps va pmn bug* bosimi
diffuziya harorati hamda ampuladagi oltingugurt va marganes miqgdori bilan aniglandi. Pech
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harorati ma’lum bir tezlikda bosgichma-bosgich oshirilib, belgilangan haroratga yetkazildi.
Namunalar belgilangan diffuziya haroratida ma’lum vaqt davomida ushlab turildi. Diffuziya
jarayoni uchun hisoblangan vaqtdan so‘ng belgilangan tezlikda sovutildi. Diffuziyaning yakuniy
harorati boshlang‘ich materialning parametrlari va o‘rganilayotgan kirishma atomlarining
eruvchanligiga bog‘liq holda aniqlandi. Bunday diffuziya sharoitlarida, odatda yuqori haroratli
diffuziyada doimo sodir bo‘ladigan kremniy yuzasining yemirilishi deyarli kuzatilmadi.
Diffuziyadan so‘ng barcha namunalarga kimyoviy va mexanik ishlov berildi va ularning elektr
parametrlari Xoll usuli yordamida o‘rganildi.

Si<Mn,S> namunalarining o‘tkazuvchanligining haroratga bog‘ligqligi bo‘yicha tajribalar
o‘tkazildi (1-rasm). Barcha boshlang‘ich namunalar p=3 Q-cm oraliqdagi solishtirma qarshilikka
ega bo‘lgan KJIb-3 rusumidagi kremniy bo‘lgan.

Har qanday yarimo‘tkazgich materialning solishtirma elektr o‘tkazuvchanligi erkin zaryad
tashuvchilarning konsentratsiyasi va harakatchanligi bilan aniglanadi. Ularning qiymatlari esa 0‘z
navbatida haroratga bog‘liq bo‘ladi.

Namunalar kriostatga joylashtirilib, tok qiymatlarini o‘lchash T=122 K haroratdan boshlab,
T=257 K gacha amalga oshirildi. Kriostat ichiga nurlanish tushmasligi uchun kriostat oynasi
yopilib, kriostat ichida muvozanatli sharoit ta’minlandi.

Haroratga bog‘liglikni o‘lchash natijasida ionizatsiyalashish energiyalari E1=0,561 eV va
E>=0,163 eV bo‘lgan sathlar aniqlandi. Aniqlangan qiymatlar panjara tugunlaridagi atomar

kirishma nugsonlarning ionizatsiyalashish energiyalaridan farg giladi.
1,E-05 -

1,E-07 ~

1,E-08 -

1,E-09 ~

1,E'10 T T T T T T T T T 1

1,E-11 -

1-rasm. E1 = 0,561 eV va E2 = 0,163 eV sathlarga ega bo‘lgan Si<Mn, S> namuna
o‘tkazuvchanligini haroratga bog‘liqligi
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BJIUAHUE JTUOPY3ZNOHHBIX IAPAMETPOB HA
SJEKTPO®PU3NYECKHUE CBOMCTBA OBPA3IIOB n-Si<Ni>

H.A. Typrynos, H.b.XaiitTummeroB, M.M JlaB;1aToB
Hayuno-uccneoosamenvckuti uncmumym @u3uku noiLynpo8oOHUKOS U
Muxposnekmporuku npu Hayuonanenom ynusepcumeme Y3bexucmaua,

W3ydeHue npupo/ibl CKOIICHUI MPUMECHBIX aTOMOB, 00pa3yIONIMXCs HA TOBEPXHOCTH WU
B 00beMe MOHOKPHCTAJJIOB KPEMHUS IIPH BEICOKOTEMIIEPATYPHOM TG (HY3HOHHOM JIETHPOBAHUH,
a TakKe UX BIMSIHUA HAa CTPYKTYpPY OCHOBHOTO MATPHUYHOTO JJIEMEHTA II03BOJIAET
[[EJICHANPABJICHHO  YIPABIATH  AJIEKTPOYU3NYECKIMU  CBOMCTBAaMH  IOJIYHPOBOJHHUKOBOTO
kpemHus. s pa3paOOTKM TEXHOJIOTUH TIONYYEHHS COBPEMEHHBIX ITOJIYIIPOBOJIHUKOBBIX
MaTepuajoB C BBICOKOM UYBCTBUTEIHHOCTbIO K BHEUIHHUM BO3ACHCTBUSAM HEOOXOAUMO
OCHOBAaTEJIbHO H3Yy4aTh 3aKOHOMEPHOCTH (PU3MYECKHUX SBICHUH, MPOUCXOASIIMX B oOBbeMe
MOJIYTIPOBOJIHUKA TIPU PA3NUYHBIX YCIOBUSAX €ro M3rotoBieHus. OIHUM M3 BaKHBIX 3TAloOB
JAHHOTO Tpollecca SBISETCS — JIeTUpoBaHuEe mnonynpoBoanuka. Ilpum muddysnonHom
JICTHPOBAHUH MOHOKPHCTAJUIOB KPEeMHHUsI TpuMecsiMu 3d 3JIeMEHTOB OCHOBHAS 4aCTh MPUMECHBIX
aTOMOB HAaXOJHUTCS B DJEKTPUYECKH HEUTPATLHOM COCTOSIHMM B BHJIE PAa3JIMYHBIX IMPUMECHBIX
CKOIUICHHHA. B 3aBHCHMOCTH OT TEPMOJMHAMHUYECKOTO COCTOSHUS M MOP(]OIOTHIECKHX
apaMeTPOB 3TU CKOTUICHHS MOT'YT CYIIECTBEHHO BIIMSATH HA CBOHCTBA MOHOKPUCTAIIOB KPEMHHSL.

HccnenoBanue moBeleHUs NMPUMECHBIX aTOMOB B Ipoiiecce (pOpMHUPOBAHUS Pa3THUHBIX
CKOIUIGHUH TpPH BBICOKOTEMIIEPATYpPHOM AU(PHY3UOHHOM JIETUPOBAHUHU TMOIYIPOBOIHHUKOBBIX
MaTepHaJIoB SBJSETCS OJHUM U3 aKTyalbHbIX MpoOJIeM COBPEMEHHOM MUKPOAJIEKTPOHHUKH. J1is
HOJIYy4YEHHUs TOJTYIPOBOJHUKOBBIX MaTepHaJIOB € 3apaHee 3aJaHHBIMH MapaMeTpaMu He0OXOMMO
YUYUTHIBATh BCE CTAIUU TEXHOJOTHYECKON 00pabOTKu 00pasIoB. YCIIOBHS, CO3/JaBacMble MpU
JIETUPOBAHHUH PA3TMYHBIMHU PUMECSIMH, SIBIISTIOTCS] OJTHIM M3 OCHOBHBIX (JAKTOPOB, BIHUSIOIINX HA
MOCJIEIYIONINE TPOIECChl 00pa3oBaHMsA NE(EKTHBIX CTPYKTYp B 00BEeME€ MOHOKPHCTAJLUIOB
KpeMHusl. Pe3ynbTaTel paHee NpPOBEJACHHBIX HcciefoBaHMi [1,2] mokasanu, 4YTO 3HauUEHUE
TG PY3HOHHON TeMITepaTyphl UTPAET PEIIAIONIYI0 POJh BO BHEAPEHUH aTOMOB MPHMECH M MX
pacIoyio’)keHUH B KpHUCTAIMUecKod cTpykrype. [losTomy ompezaeneHue ONTHUMAIbHBIX
napamerpoB  auddy3uu  uMeeT  Haumbonee  BaXHOE  3HAuY€HHE B NPOU3BOJICTBE
HOJYIIPOBOTHUKOBBIX NMPHOOpoB. B cBsi3u ¢ 3TUM Hactosimel paboTe paccCMOTPEHO BIHSHUE
BpeMeHU (G dy3noHHOro oTkura npu T=1523 K Ha 3HaueHHEe KOHIIEHTPAIUHU 3JIEKTPOAKTUBHBIX
aTOMOB HUKEJSI B MOHOKPHCTAIIIIAX KPEMHHUSI.

Hccnenyemble 06pasiubl oTxuraiuch npu temmneparype 1523 K B untepsane ot 30 MuUHYT
70 8 4acoB B IBAaKyMPOBAHHBIX M HATIOJHEHHBIX aprOHOM KBapIIEBHIX aMITyJlax C IMOCIIEAYIOIIeH
3akankoi. [locne muddy3noHHOTO OTRUTa 00pa3IBl OXIAXKIATUCH C PA3IMYHON CKOPOCTHIO. J{7st
JOCTHKEHUS OBICTPOrO OXJIAKICHUS aMITyJIbl COpachIBaIMCh B BOJY, Uepe3 TOHKUH ClIoi Macia,
KOTOPOE COXpPAaHSJIO 00paslbl OT pacTpecKUBaHHs. B 3TOM cilyuyae CKOPOCTb OXJIaXIEHUS
00pa3moB goctrurana Lox~400 K/c. s momyuenus 6omee MEIJICHHBIX CKOPOCTEN OXJIAKICHUS,
aMITYJIBI OXJIAXKTAIACH HA BO3/IyXE WM BMECTE C OTKIFOUEHHOH MEYbI0, T/Ie CKOPOCTh OXJIAXKICHHS
00pa3IoB COCTABIISIO Loxr~0,05 K/c .

[To cpaBHEHUIO C APYTMMU 3JEMEHTaMH TPYIIbl METAJUIOB, HUKEIb B KpeMHHH 00Jagaer
HanOoJIbIIeH paCTBOPUMOCTHIO U KO3 puiieHToM nuddy3un, 1 00Iee YUCIo aTOMOB Oosiee ueM
Ha TPU NOPSIAKA MPEBBIIIAET PACTBOPUMOCTh JIEKTPUUECKU aKTUBHBIX aTOMOB [3,4]. OgHuM u3
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BaXHbIX (hakTopoB auddy3un npumeceid B KPEMHHH SIBIISCTCS JUTMTEIBHOCTD TU(P(HY3HOHHOTO
omxkura. B npouecce nuddy3un HuKens B KpeMHHIA ObUIH MCCIICIOBAHbI BIUSHHUE JITHUTEIbHOCTH
OT)KHT'a HA KOHIICHTPALMIO BBEJCHHBIX B KPEMHHH DJICKTPUYECKH AKTUBHBIX aTOMOB IMPUMECH.
Kaxk Bumno 3 puc. 1 npu remneparype auddysun 1523 K, B uaTepBaie BpemeHu omxura ot 30
MUH JI0 2 9acOB HaOIIIOJA€TCsl POCT 3HAYCHUSI KOHIEHTPAIMH DJICKTPUYCCKH aKTUBHBIX aTOMOB
HUKEJS TIOYTH Ha OJIUH MOpsAAoK. [Ipu HavampHOM 3HaueHHH BpeMeHH oTkura t=30 MUHYT OHa
cocrapiser 3,4-10° cm3. B Teuenme mocnemyromux 30 MHHYT 3TO 3Ha4YeHME HE3HAUYHTENHHO
yBenuuuBaeTcsa u pasHsercs 4-10'% cm. Ipu nanpHeiimem yBenuueHHM BPEMEHH OTXKHIA 10
t=1,5 uac oHa cymiecTBeHHO yBenmumBaeTcss M gocturaer 7,5-10° cm3. Cpoe makcumanbHOE
3HA4YEHHE KOHIICHTPAIHS JICKTPOAKTUBHBIX aTOMOB HHUKEJIsSl JIOCTUTAET B TCUYCHHUE JIBYX 4acCOB U
paBHsiercs 2-10% cm®,

JlanpHeiiee yBeIMYCHUE BPEMEHH OT)KUTA MPUBOJIUT K YMEHBIIECHHIO 3TOTO 3HAYCHUS U
npu t=8 wyac oma cocraBmser ~7-10° cm3. DHeprerwueckme ypOBHH NPHMECHEIX IIEHTPOB,
OIpe/IcTICHHbIE B 00pa3iax Si, OTOXOKEHHBIX B YCIOBHAX MaKCHMAJIbHOW KOHIICHTPALIUH
371eKTpoakTUBHBIX aToMoB (2-10* cM®) cocrasnsior ana Ni: Ev+0,2 3B u Ec-0,41 5B. Dt
3HAYCHUS SHEPIreTHYCCKUX YPOBHEH M WX KOHIICHTPALMU HAauOoJiee CTaOMIbHBI JIJII MHOYKECTBA
00pas3IoB U MPH MOBTOPHOM OTKHUTE.

Nxi, o
10"

IU_H.

10

1 2 3 4 b [ 7 8 I, 9ac

Puc. 1. 3aBUCHMOCTh KOHIEHTPALUH YJIEKTPOAKTHBHBIX ATOMOB HUKeEJIS B
KPEeMHHH OT JVINTeJbHOCTH AU Py3noHHOro orskura npu remneparype T=1523 K.

TakuM 00pa3oM, ompeneneHo 3HaueHUEe MPOJIOJDKUTENBHOCTH BpeMeHu nuddysun npu
temnepatype T=1523K u 1151 TOCTHKEHUS MaKCUMaJIbHOTO KOJIMYECTBA AJIEKTPUUYECKHA aKTUBHBIX
aTOMOB B MOHOKpHCTaJJie KpeMHHs. Takke BBISBIEHO, YTO 00Ias pacTBOPUMOCTb HHUKEJS B
KPEMHHMM HE 3aBHUCUT OT MCXOJHBIX IapameTpoB KpeMHHs. COriacHO INMOJYYEHHBIM JaHHBIM
OCHOBHasl 4acTh nMpuMecHbIX aToMOB Ni B Si Hax0SITCS B 2IEKTPUYECKU HEHTPaTbHOM COCTOSIHUH
B BH/JIC IPUMECHBIX CKOILUICHUH.

305



VI IIYBBA. KOHAEKCAIIMSIJIAHTAH MYXUTJIAP ®U3UKACH

Jlureparypa.:

Qucrtyns B.M. Atowmsl erupyroniux npumeceid B nonynpoogaukax. —M.: 2004. -432 c.
Zainabidinov S.Z. and Turgunov N.A. Formation and kinetics of decomposition of impurity
nickel precipitates in silicon // Russian Physics Journal. 2004. Vol. 47. Ne12. pp. 1307-1309.
ZaitnabuanaoB C.3., Kyp6anor A.O. Kiactepbl aTOMOB IpUMECH HUKENSI U UX BIUSHUC HA
pekoMOMHaIMOHHbIE cBoMcTBa KpeMHus. Bectauk MITY wum. H.D.baymana. Cep.
EcrecTBennbie Hayku. 2019. Ne2. ¢. 81-93.

Zainabidinov S.Z., Musaev K.N., Turgunov N.A., Turaev A.R. Dopant microassociation
mechanisms in Si<Mn> and Si<Ni> // Inorganic Materials. 2012. Vol. 48. Issue 11. pp. 1065-
10609.

306



