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Annotatsiya. 2D o’lchamli p-n-o’tishlarning differensial o’tkazuvchanligini o‘ta
yuqori chastotali maydon ta’siri natijasida o’zgarishi, hamda 2D va 3D o’lchamli p-n-
o’tishlarning differensial o’tkazuvchanligining o‘ta yuqgori chastotali maydon ta’sirida
o’zgarishi tagqoslangan.
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Abstract: The change in the differential conductivity of 2D dimensional p-n

junctions as a result of exposure to an extremely high frequency field is compared, as
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well as the change in the differential conductivity of 2D dimensional and 3D
dimensional p-n junctions under the influence of an ultrahigh frequency field.
Key words: p-n junction, differential conductivity, super high-frequency fields, 2 D
dimensional materials.

Kirish

Ikki turdagi yarimo‘tkazgichdan tashkil topgan p-n-o‘tishli rektifikatorlar [1],
fotodetektorlar [1-5], fotovoltaiklar [6-10] va yorug‘lik chigaradigan diodlar elektron
va optoelektronik qurilmalarning [11-12] asosi hisoblanadi. 3D o‘lchamli p-n-
o’tishlarini ishlab chigarishda ionli injeksiyadan kelib chiqgan legirlash yoki sirt
o‘zgarishi yarimo‘tkazgichning elektr xususiyatlarini wva kristall tuzilishini
o‘zgartiradi. Bundan tashqari, yarimo‘tkazgichli qurilmalarning kichrayib borishi
natijasida ularda turli kvant effektlari asta-sekin namoyon bo‘lmoqgda. Bu esa, klassik
qurilma nazariyasining endi qo‘llanish ko‘lami chegaralanib qolishini ko‘rsatadi.

So‘ngi yillarda, atom jixatdan nozik ajoyib xususiyatli ikki o‘lchamli (2D)
materiallar katta qgizigish uyg‘otmoqgda. Ba’zi, 2D o‘lchamli p-n-o‘tishlar, masalan,
WS,, MoS,, MoSe,, WSe, va qora fosfor (BP) larning elektrostatik maydon
xususiyatlari yarimo‘tkazgichlarga yangi imkoniyatlar eshigini ochadi [9,13-19].
Diodlarga tashqi maydon sifatida yorug‘likdan foydalanish ancha qo‘shimcha
afzalliklar yaratadi. Masalan, yorug‘likni masofadan turib ham yuborish mumkin. Bu
aniq boshqgariladigan, tez almashtiriladigan va juda kam energiya sarf qiladigan
zamonaviy integral optoelektronik ulanish sxemalari uchun katta ahamiyatga ega [20-
26].

[27] ishda 2D o‘Ichamdagi p-n-o‘tish uchun Puasson tenglamasi drift-diffuziya
va uzluksizlik tenglamalari bilan birlashtirilgan va ideal VAX uchun Shokli
tenglamasi taklif gilingan. 1-rasmda 2D o‘lchamli p-n-o’tishning geometrik sxemasi
keltirilgan. Bu struktura p va n tiplarning X=0 da birlashishidan hosil bo‘ladi va Z=0
tekislikda yotadi, y o‘qi bo‘ylab struktura keraklicha katta, shuning uchun bu

yo‘nalishni xususiyatlarga ta’sirini ko‘rib o‘tilgan.
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1-rasm. 2D o‘lchamli p-n-o’tishning geometrik sxemasi [27].

Biroq, yuqorida keltirilgan tadqgiqotlarda, 2D o’lchamli p-n-o’tishlarning
differensial o’tkazuvchanligini tashqi ta’sirlar natijasida o’zgarishi yetarli darajada
o’rganilmagan, hamda 3D va 2D o’lchamli p-n-o’tishlarning differensial
o’tkazuvchanligining tashqi ta’sirlar natijasida o’zgarish grafiklari solishtirilmagan.

Ishning magsadi, 2D va 3D o‘lchamli p-n-o‘tishlarning differensial
o‘tkazuvchanligini tashqi ta“sirlar natijasida o‘zgarishini tahlil gilishdan iborat.

2D va 3D o‘lchamli p-n-o‘tish differensial o‘tkazuvchanligini solishtirish

G
3D o‘lchamdagi p-n-o‘tishning differensial o‘tkazuvchanligi quyidagi

munosabat bilan aniglanadi [28-36]:

3)
2D of‘lchamdagi p-n-o‘tishning differensial o‘tkazuvchanligi [27] ishda

keltirilgan ifodalardan foydalangan holda quyidagi formulaga ega bo‘lamiz:
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foydalanib, 2D va 3D o‘lchamdagi p-n-o‘tish differensial o‘tkazuvchanliklarini

solishtirildi (2- rasm).
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2-rasm. 2D va 3D o‘lchamdagi p-n-o’tish differensial o‘tkazuvchanligining

kuchlanishga bog‘ligligi.

2 - rasmda 2D va 3D o‘lchamli p-n-o‘tish differensial o‘tkazuvchanligining
kuchlanishga bog‘ligligi ko‘rsatilgan. Olingan natijalardan ko‘rinadiki, 3D o‘lchamli
p-n-o‘tish differensial o‘tkazuvchanligi 2D o‘lchamli p-n-o‘tish differensial
o‘tkazuvchanligiga nisbatan kichik bo‘lar ekan. Bu esa 2D o‘Ichamli p-n-o‘tish 3D
o‘lchamli p-n-o‘tishga nisbatan samarali ekanligini ko‘rsatadi.

Kuchsiz O‘YuCh maydon ta’sirida 3D o’lchamli p-n-o‘tishdagi elektron va
kovaklar gizimagan, fagat potensial to‘siq balandligining g‘alayonlanishi hisobga
olinganda p-n-o‘tishning differensial o‘tkazuvchanligi uchun quyidagi ifodaga ega

bo’lamiz [29]:
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Kuchsiz O“YuCh maydon ta’sirida 2D o‘lchamli p-n-o‘tishning differensial

o‘tkazuvchanligi uchun quyidagi ifodaga ega bo‘lamiz:
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(5) va (6) ifodalardan foydalanib, kuchsiz O“YuCh maydonda joylashgan 2D va 3D

o‘lchamli p-n-o‘tish differensial o‘tkazuvchanliklarini solishtirish mumkin (3-rasm).
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3-rasm. Kuchsiz O‘YuCh maydonda joylashgan 2D va 3D o‘lchamli p-n-o‘tish
differensial o‘tkazuvchanligining qo‘yilgan kuchlanishga bog‘ligligi

3 - rasmda kuchsiz O‘YuCh maydonda joylashgan 2D va 3D o‘lchamli p-n-
o‘tish differensial o‘tkazuvchanligining kuchlanishga bog‘ligligi ko‘rsatilgan.

Kuchli O‘YuCh maydon ta’sirida 3D o‘lchamli p-n-o‘tishning differensial
o‘tkazuvchanligi uchun quyidagi ifodaga ega bo‘lamiz:
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Kuchli O‘YuCh maydon ta’sirida 2D o‘lchamli p-n-o‘tishning differensial

o‘tkazuvchanligi uchun quyidagi ifodaga ega bo‘lamiz:
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(7) va (8) ifodadan foydalanib, kuchli O“YuCh maydonda joylashgan 2D va 3D

o‘lchamli p-n-o‘tish differensial o‘tkazuvchanliklarini solishtirish mumkin (4-rasm).
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4-rasm. Kuchli O“YuCh maydonda joylashgan 2D va 3D o‘lchamli p-n-o‘tish
differensial o‘tkazuvchanligining qo‘yilgan kuchlanishga bog‘ligligi
4 - rasmda kuchli O“YuCh maydonda joylashgan 2D va 3D o‘lchamli p-n-o‘tish
differensial o‘tkazuvchanligining kuchlanishga bog‘ligligi ko‘rsatilgan.
Xulosa

- 3D o‘lchamli p-n-o‘tish differensial o‘tkazuvchanligi 2D o‘lchamli p-n-o‘tish
differensial o‘tkazuvchanligiga nisbatan kichik bo‘ladi.

- Kuchsiz va kuchli O‘YuCh maydonda joylashgan 3D o‘lchamli p-n-o‘tish
differensial ~ o‘tkazuvchanligi 2D  o‘lchamli  p-n-o‘tish  differensial
o‘tkazuvchanligiga nisbatan kichik bo‘ladi. Bu esa, kuchsiz va kuchli O‘YuCh
maydonda joylashgan 2D o‘lchamli p-n-o‘tish 3D o‘lchamli p-n-o‘tishga nisbatan
samarali ekanligini ko‘rsatadi.

MINNATDORCHILIK
Ish  FZ-20200929243-“Yarim  o'tkazgichli quyosh fotoelementlar va

nanostrukturalarning xarakteristikalariga kuchli elektromagnit maydonda gizigan



elektron va fononlarning ta’siri” fundamental tadgiqot granti tomonidan
moliyaviy qo‘llab-quvvatlandi.

Adabiyotlar
. Yang T., Zheng B., Wang Z., Xu T., Pan C., Zou J., Zhang X., Qi Z., Liu H.,
Feng Y., Hu W., Miao F., Sun L., Duan X., Pan, A. Van der Waals epitaxial
growth and optoelectronics of large-scale WSe,/SnS, vertical bilayer p—n
junctions // Nat Commun 2017. 8, 1906.
Lou, Z., Liang, Z., Shen, G. Photodetectors based on two dimensional materials.
Journal of Semiconductors. 2016. 37(9), 091001.
Xia, C., Li, J. Recent advances in optoelectronic properties and applications of
two-dimensional metal chalcogenides // Journal of Semiconductors, 2016. 37(5),
051001.
Cheng R., Li D., Zhou H., Wang C., Yin A., Jiang S., Duan X.
Electroluminescence and Photocurrent Generation from Atomically Sharp
WSe,/MoS; Heterojunction p—n Diodes. Nano Letters, 2014. 14(10), pp. 5590—
5597.

. Yuan H., Liu X., Afshinmanesh F., Li W., Xu G., Sun J., Cui Y. Polarization-

sensitive broadband photodetector using a black phosphorus vertical p-n
junction // Nature Nanotechnology, 2015.10(8), pp. 707-713.

Cvmu Wang F., Yin L., Wang Z. X., Xu K., Wang F. M., Shifa T. A., He J.
Configuration-Dependent Electrically Tunable Van der Waals Heterostructures
Based on MoTe,/MoS, // Advanced Functional Materials, 2016. 26(30), pp.
5499-5506.

Ponraj J. S., Xu Z.-Q. Dhanabalan S. C., Mu H., Wang Y., Yuan J., Bao Q.
Photonics and optoelectronics of two-dimensional materials beyond graphene. //
Nanotechnology, 2016. 27(46), 462001.

Deng Y., Luo Z., Conrad N. J., Liu H., Gong Y., Najmaei S.Ye, Black P.D.
Phosphorus—Monolayer MoS, van der Waals Heterojunction p—n Diode // ACS
Nano. 2014. 8(8), pp. 8292-8299.



10.

11.

12.

13.

14.

15.

16.

17.

18.

Furchi M.M., Pospischil A., Libisch F., Burgdorfer J., Mueller T. Photovoltaic
Effect in an Electrically Tunable van der Waals Heterojunction // Nano Letters.
2014. 14(8), pp. 4785-4791.

Wang F., Wang Z., Xu K., Wang F., Wang Q., Huang Y., He J. Tunable GaTe-
MoS; van der Waals p—n Junctions with Novel Optoelectronic Performance //
Nano Letters. 2015. 15(11), pp. 7558-7566.

Lee C.H., Lee G.H,, van der Zande A.M., Chen W., Li Y., Han M. Kim P.
Atomically thin p—n junctions with van der Waals heterointerfaces. Nature
Nanotechnology, 2014. 9(9), 676-681.

Zhang Y.J., Oka T., Suzuki R. Ye, J. T., Iwasa, Y. Electrically Switchable Chiral
Light-Emitting Transistor. Science, 2014. 344(6185), pp. 725-728.

Pospischil A., Furchi M., Mueller T. Solar-energy conversion and light emission
in an atomic monolayer p-n-diode // Nature Nanotech. 2014. 9, pp. 257-261.

Ross J.S., Klement P., Jones A.M., Ghimire N.J., Yan J., Mandrus D.G., Xu X.
Electrically tunable excitonic light-emitting diodes based on monolayer WSe, p—n
junctions // Nature Nanotechnology, 2014. 9(4), pp. 268-272.

Ross J.S., Klement P., Jones A. M., Ghimire N.J., Yan J.,, Mandrus D.G.,
Taniguchi T., Watanabe K., Kitamura K., Yao W., Cobden D.H. Xu X.
Electrically tunable excitonic light-emitting diodes based on monolayer WSe2 p—
n junctions. / Nature Nanotechnology, 2014. 9(4), pp. 268-272.

Buscema M., Groenendijk D.J., Steele G.A., van der Zant H.S.J., Castellanos-
Gomez A., Photovoltaic effect in few-layer black phosphorus junctions defined
by local electrostatic gating // Nature Communications 2014. 5(1). pp. 1-6.

Li D., Chen M., Sun Z., Yu P., Liu Z., Ajayan P.M., Zhang Z. Two-dimensional
non-volatile programmable p—n junctions // Nature Nanotechnology, 2017. 12(9),
pp. 901-906.

Jhih-Wei Chen, Shun-Tsung Lo, Sheng-Chin Ho, Sheng-Shong Wong, Thi-Hai-
Yen Vu, Xin-Quan Zhang, Yi-De Liu, Yu-You Chiou, Yu-Xun Chen, Jan-Chi
Yang, Yi-Chun Chen, Ying-Hao Chu, Yi-Hsien Lee, Chung-Jen Chung, Tse-



19.

20.

21.

22.

23.

24.

25.

26.

Ming Chen, Chia-Hao Chen, Chung-Lin Wu. A gate-free monolayer WSe, p-n-
diode // Nat Commun 2018. 9, 3143.

Ni Z., Ma L., Du S., Xu Y., Yuan M., Fang H., Yang D. Plasmonic Silicon
Quantum Dots Enabled High-Sensitivity Ultrabroadband Photodetection of
Graphene-Based Hybrid Phototransistors / ACS Nano, 2017. 11(10), pp. 9854—
9862.

Xiang, D., Liu, T., Xu, J., Tan, J. Y., Hu, Z., Lei, B., Zheng Y., Wu J., Castro
Neto A.H., Liu L. Chen, W. Two-dimensional multibit optoelectronic memory
with broadband spectrum distinction. Nature Communications, 2018. 9(1). 2966.
Hai Z., Karbalaei Akbari M., Wei Z., Cui D., Xue C., Xu H., Heynderickx P.M.,
Verpoort F., Zhuiykov S. Nanostructure-induced performance degradation of
WO;-nH;O for energy conversion and storage devices. Beilstein Journal of
Nanotechnology, 2018. 9, pp. 2845-2854.

Ju L., Velasco J.,, Huang E., Kahn S., Nosiglia C., Tsai H.-Z., Wang F.
Photoinduced doping in heterostructures of graphene and boron nitride // Nature
Nanotechnology, 2014. 9(5), pp. 348-352.

Island J.O., Blanter S.I., Buscema M., van der Zant, H.S.J., Castellanos-Gomez
A. Gate Controlled Photocurrent Generation Mechanisms in High-Gain In,Se;
Phototransistors // Nano Letters, 2015. 15(12), pp. 7853-7858.

[ITapubaes, A. H., [llapubaes, P. H., A6ayna3u3os, b. T., & Toxup>koHoBa, M. P.
(2023). Bo3HukHOBeHUe 00yueHUs C TIOAKperieHrueM. KOHOMUKA u coyuym, (6-
2 (109)), 1127-1130.

Baymatov, P. J., Gulyamov, A. G., Abdulazizov, B. T., Mavlyanov, K. Y., &
Tokhirjonov, M. S. (2021). Features of the chemical potential of a quasi-two-
dimensional electron gas at low-temperatures. International Journal of Modern
Physics B, 35(05), 2150070.

Gulyamov, G., & Abdulazizov, B. T. (2016). On the thermodynamics of a two-
dimensional electron gas with non-parabolic dispersion. World Journal of

Condensed Matter Physics, 6(4), 294-299.



27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

Chaves F.A., Feijoo Guerro P.C., Jiménez D., The 2D p-n-Junction Driven Out-
of-Equilibrium // Nanoscale Advances. 2020. pp. 1-12
Cwmur P. ITonynpoBoanuku MockBa Mup. 1982 r. c. 241-247

Gulyamov, G., Dadamirzaev, M. G., & Kosimova, M. O. (2023).
COMPARISON OF PARAMETERS OF TWO-DIMENSIONAL (2D) AND
THREE-DIMENSIONAL (3D) PN-JUNCTION DIODES. Romanian Journal of
Physics, 68, 603.

Gulyamov, G., Dadamirzayev, M. G., Qosimova, M. O., & Boydedayev, S. R.
(2023, March). Influence of deformation and light on the diffusion capacity and
differential resistance of the pn junction of a strong electromagnetic field. In AIP

Conference Proceedings (Vol. 2700, No. 1). AIP Publishing.

Dadamirzayev, M. G., & Qosimova, M. O. (2018). The effect of the variation of
the elektric field of the uhf waves on the cvc of the asymmetric pn-
junction. Theoretical & Applied Science, 10, 401-405.

Gulyamov, G., Erkaboev, U. 1., Majidova, G. N., Qosimova, M. O., & Davlatov,
A. B. (2015). New Method of Determining the Landau Levels in Narrow-Gap

Semiconductors. Open Journal of Applied Sciences, 5(12), 771-775.

Gulyamov, G., & Dadamirzaev, M. G. (1998). Influence of Frenkels effect on the
non-ideality coefficient of pn junction in microwave field; Vliyanie effekta
Frenkelya na koeffitsient neidealnosti pn-perekhoda v silnom CVCh
pole. Uzbekiston Fizika Zhurnali, 3.

Gulyamov, G., Dadamirzaev, M. G., Kosimova, M., & Uktamova, M. (2020).
Thermophotoemf of hot charge carriers at pn-junctions under exposure to a
microwave field and light. Scientific-technical journal, 3(5), 66-70.

Gulyamov, G., Dadamirzaev, G., Dadamirzayev, M., & Kosimova, M. (2020).
The influence of the microwave field on the characteristics of the pn
junction. Euroasian Journal of Semiconductors Science and Engineering, 2(4), 7.

Dadamirzaev, M., Kosimova, M., Maxmudov, A., & Tursunov, M. (2023).
LIGHT POWER FACTOR ON THE CHARACTERISTICS OF TWO-
DIMENSIONAL PN  DIODES. W  IIPUKJIAAHBIE  IIPOBJIEMBI



COBPEMEHHOH ®HU3UKH FUNDAMENTAL AND APPLIED PROBLEMS OF
MODERN PHYSICS, 27.

37. Gulyamov, G., Majidova, G. N., Mukhitdinova, F. R., & Suvanov, A. X. (2022).
Effect Of Magnetic Field On Photoelectric Characteristics Of PN Junction
Diode. Journal of Optoelectronics laser, 41(9), 451-459.



	2D va 3D o‘lchamli p-n-o‘tish differensial o‘tkazuvchanligini solishtirish
	2D va 3D o‘lchamli p-n-o‘tish differensial o‘tkazuvchanligini solishtirish

