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YARIMO‘TKAZGICHLI MAYDON TRANZISTORIGA YORUG'LIK TA’SIRI

0O.A. Kamolova
Buxoro davlat universiteti magistranti
o.a.kamolova@buxdu.uz

Anatatsiya: Ushbu maqola yarimo‘tkazgichlimaydon tranzistoriga yorug’lik
ta’siri  o‘rganilgan. Maydon tranzistorining yorug’likka ta’sirini o‘lchashda o‘lchov
parametri sifatida yuqori omli voltmetr bilan darajalangan yopilish kuchlanishi
olingan.

Kalit so‘zlar: tok, kanal qalinli, konsentratsiya, zatvor, maydoniy tranzistor,
yopilish kuchlanishi, qisqa tutashuvli fototok, kuchlanishining spektral sezgirligi,
Darlington sxemasi.

Maydon tranzistorining yorug’likka ta’sirini o‘lchashda o‘lchov parametri sifatida
yugori omli voltmetr bilan darajalangan yopilish kuchlanishi olinadi. Masalan,
berilgan yopilish kuchlanishida Uj:s ning birlamchi giymatiga mos bo'lib, harorat
(yoritilganlik, bosim) o‘zgarganida kanalning yopilish kuchlanishi
Ul:s qiymatga ega bo‘ladi. Ta’sir etayotgan omil yopilish kuchlanishining farglari
nisbati maydon tranzistorining sezgirligini ifodalaydi.

Maydoniy tranzistorga tashqgi ta’'sir yorug’lik ta’sir ettirilsa uning sezgirlik
koeffitsiyentlari quyidagi formulalar yordamida aniglanadi:

i
S""=M, mV/luks: (1)

FZ_Fi
Ma’lumki kremniyli p-n-o‘tishli va p-tip kanalli KP102 turidagi maydon
tranzistorlari /., =0.18+6 mA ga teng bo‘lgan to'yinish toklariga va S$=0.25+0.7

mA/V qiymatli giyalikka ega bo'lishi tajribalarda ko‘rsatib berilgan. Kirish toki 20
mkA bo‘lganda yopilish kuchlanishi 2.8+10 V, kirish-chigishning ishchi kuchlanishi
15 V gacha qgiymatni tashkil etadi. Ya'ni, kanal galinligining optimallashmaganligi,
yorug'lik signallarini gabul qilish uchun moslashtiriimaganligi hisobiga yopilish
kuchlanishining yuqori (2.8 V dan yuqori) giymatlariga ega bo‘ladi. Chigish dinamik
garshiligining nis-batan past giymati, kanaldagi kirishmalarning musbat gradiyenti
hisobiga legirlovchi kirishmani diffuziyalash bilan olinganligi va kanalning yopilish
kuchlanishi, epitaksial strukturalardagiga nisbatan 20+30% ortiq bo'lib, parametrlar
farglanishi texnologik sharoitlar bilan bog’liq.

Mhh ¥ Mﬁh
) Y i
! AT T Lad y 111

GERMANY ==



Tranzistorli strukturaga bosimga, magnit maydoniga, radiatsiya, yorug‘lik va
issiglik nurlanishlariga nisbatan yuqori sezgirlik berish uchun p-n-o‘tishli maydon
tranzistori taklif qgilingan. Bu maydon tranzistori oz ichiga: ostki zatvor elektrodi
bo‘lgan birinchi turdagi past garshilikli taglikni, sirtida kirish va chiqish sohalarining
omik kontaktlari olingan va ular orasida kanal joylashgan, yuqori qarshilikli ikkinchi
turdagi epitaksil gatlamni o‘z ichiga olgan. Kanal qalinligi p+-n-o‘tish siyraklash-gan
hajmiy zaryad qalinligiga yaqin qilib tanlanadi.

Kanal qalinligini berilgan kanal tok tashuvchilari konsentratsiyasiga va
zatvorning p*-n-o‘tishi siyraklashgan hajmiy zaryadi galinligi bilan taklif gilinayotgan
o‘zaro bog'ligligidan kelib chigqan holda tanlash, kanal-ning optimal galinligi
giymatini va uning issiglik, yorug'lik nurlanishi bilan modulatsiya qilinadigan va
galinligi bilan taqqoslanadigan kamba-g‘allashmagan qismining optimal giymatini
beradi va kanal tashuvchilari-ning tanlangan konsentratsiyasi uchun maksimal
sezgirlikni ta’minlaydi.

O‘rganilgan ko‘p funksiyali qayd qilgich kremniy asosida tayyor-langan. Buning
uchun p*-turdagi o‘tkazuvchanlikli 200 mkm gqalinlikdagi taglikda tashuvchilar
konsentratsiyasi 1:-10'*sm™ bo‘lgan kremniyli taglikda n-tip o‘tkazuvchanlikli,
tashuvchilar konsentratsiyasi 2-10'°cm™, galinligi 1+1.5 mkm bo‘lgan epitaksial
gatlam o'stirilgan. Tekshirilayotgan maydon tranzis-torining asosiy parametrlari deb
qu-yidagilar hisoblanadi: kanal (stok) ning dinamik qarshiligi, yopilish rejimidagi stok
toki, yopilish kuchlani-shi, teshilish kuchlanishi. Maydon tranzistorining statistik
xarakteristikalarini tadqiq etish umumiy istok sxemasida amalga oshirildi. Ishchi
kuchlanish stok va istok orasiga, yopilish kuchlanishi esa istok-zatvor o‘tishiga
go'‘yiladi. Yopilish kuchlanishining ortishi orqali chigish stok toki to'yinish rejimiga
erishadi. 1-rasmda keltirilganidek, tok va istok orasida kuchlanishni qo‘yishda stok
toki oshib, to‘yinganlik xarakteriga ega bo‘ladi.

Zatvorda nol siljishda stok toki maksimal giymatga ega bo‘ladi va zatvorning
yopilish kuchlanishining oshishi bilan kanal hajmiy zaryad bilan qoplanib, kanalning
goplanmagan qismini Kkichraytiradi. Yopilish kuchlanganligida stok toki minimal
bo'lib goladi.

Maydoniy tranzistorlarining kanali hajmli zaryad sohasi yoritiiganda, zatvor-
kanal o‘tishida elektron-kovakli juftlik generatsiyalanib, istok-zatvor o‘tishida fototok
hosil qiladi va bu o‘tishning garshiligini kamaytiradi bu quyidagi formula orqali
aniglanadi:

R =U, II"+1%) (2)

enu

Mhu ¥ Mﬂ-
) Y
4 S 112

GERMANY ==




bu esa o'z navbatida kuchlanishning pasayishiga olib keladi va stok-zatvor
tokining oshishini (kanalning o‘tkazish qismi qalinligining oshishi hisobiga)
ta'minlaydi. Bu yerda ikkita parametr hosil bo‘ladi: yopilish kuchlanishi va stok-
zatvor o‘tishidagi fototok (1-rasm).

S0
Istok ,1\5_ Stok

| kanal |

N
Zatvor |
v, <

1-rasm. Maydon tranzistorining kanali hajmli zaryad sohasi
yoritilish sxemasi.

Mazkur sxema (1-rasm) asosida ulangan maydon tranzistoriga yorug’lik nuri
ta’sir ettiriiganda stok-zatvor kuchlanishi bilan kanalning yopilish rejimida tadqiq
etiigan maydon tranzistorining yorug‘lik nurlanishiga sezgirligi natijalariga o‘tsak,
bunda kuchlanishning pasayishi, ya’ni yoritilganilikning intensivligi oshishi (500 Ik
gacha) bilan uning kattaligi chizigli ravishda ma’lum koeffitsiyentli (2-rasm, I
soha) pasayadi, so‘ngra kuchlanishning pasayishi sekinlashadi va bu
koeffitsiyentning qiymati yarim darajaga kamayadi (2-rasm, Il soha).

Yopilish kuchlanishining bunday o‘zini to’tishini yorug‘lik nurlani-shining o‘rniga
ta’sir etayotgan yorug‘likning issiqlik xarakteri bilan tushuntirish mumkin. Ya’ni,
yoritilganlikning kichik intensivliklarida strukturaning qizishi salmoqli emas, ammo
keyinroq strukturaning harorati oshib, yopilish kuchlanishining pasayish jarayoni
sekinlashadi va haroratning ta’siri oshadi. Bundan yopilish kuchlanishi oshishi kerak
(2-rasm), bu esa yuqori intensivlikda (600 Ik) kuzatiladi.
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2-rasm. Stok-zatvor kuchlanishi bilan kanalning yopilish rejimida zatvor-
istok o‘tishi kuchlanishining pasayishiga yoritilganlikning bog‘liqligi

1-0.000048 mV/Ik =0.048 mkV/lk, Uots=0.97 V;

11-0.00001 mV/Ik = 0.01 mkV/Ik, Uots=0.98 V

Maydon tranzistorlarida qisqa tutashuvli fototokining o‘zgarishi va ochiq
tutashuv kuchlanishining spektral sezgirligining monoxromatik nurlanish to‘lgin
uzunligiga bog‘ligligi 0,65 mkm dan boshlab ortib borib, 1,0 mkm gacha maksimal
darajaga etadi va keyin 1,2 mkm da minimal darajaga tushishi tajribada aniglandi
(3-rasm).
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3-rasm. Maydon tranzistoriga yorug’lik nurining ta’siri.

a) gisga tutashuv fototokining yorug’lik to‘lgin uzunligiga bog’ligligi, b)
xalastoy xod kuchlanishining yorug’lik to‘lgin uzunligiga bog’ligligi

O‘rganilayotgan maydon tranzistor, fotovoltaik gabul qgiluvchi sifatida diod bilan
ulanganda, gisga tutashuv ogimi va 200 lyuksgacha yorug'lik intensivligida ochiq
tutashuv kuchlanishining chizigli bog‘ligligi bo‘limlariga ega, bu esa undan keng
ko‘lamda foydalanish imkonini beradi. Optik signallarning fotovoltaik gabul
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giluvchisi. 500 lyuks dan yuqori yorug‘lik darajasida, qisqa tutashuv tokining keskin
ortib ketishi va qisqa tutashuv kuchlanishining oshishi aniglandi, bu o‘ziga xos
xususiyatlar yorug'lik intensivligiga garab yupqga plyonkali epitaksial kanalda
fototashuvchilarning paydo bo‘lishiga olib keladi (4-rasm).
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4-rasm. Salt yurish kuchlanishining yoritilganlik intensivligiga
bog‘liqligi

Maydon tranzistoriga yorug’lik ta’sirini o‘rganish uchun diod rejimida ulangan
maydon tranzistorining kirishiga ikkita tejamkorlik kuchi 30 V bo‘lgan bipolyar
tranzistorlar Darlington sxemasiga binoan ulanadi va maydon tranzistoriga yorug’lik
ta’sir ettirlganda chigish  kuchlanishining o‘zgarishi kuzatiladi. Maydon
fototranzistorining foto qabul qilish xossalarini tadqiq gilish uchun ulanish rejimida
kirish kaskadli maydon tranzistoriga va manba kuchlanishi 3.0 V bo‘lgan, Darlington
sxemasi bo'yicha birlashtirilgan ikkita bipolyar tranzistorlarga asoslangan tejamkor
kuchaytirgich yig‘ildi. Maydon tranzistori integral yorug‘lik bilan qo‘zg‘atilib optik
signal 9 Ik dan 150 Ik ga gadar oshirilganda, kuchaytirish koeffitsiyenti kamayadi.
Kirish kaskadida maydon fototranzistorni qo‘llash hisobiga kuchsiz yorug‘lik
signaliga sezgirlik oshishi ta’minlanadi.

GERMANY ==




FOYDALANILGAN ADABIYOTLAR

1. Karimov A. V. et al. Tenso properties of field-effect transistors in
channel cutoff mode //International Journal of Engineering Inventions e-ISSN. —
2016. — C. 2278-7461.

2. Karimov A. V. et al. Nekotorye osobennosti ogranichitelya toka na
polevom tranzistore //Tehnologiya i konstruirovanie v elektronnoj apparature. —
2011. = Ne. 1-2. - C. 90.

3. Kapumos A. B. n ap. HekoTopble 0COBGEHHOCTN OrpaHNYNTENSA TOKa Ha
noneBoMm TpaH3ucTope //TexHonorus u KOHCTPyuMpOoBaHWE B  3NIEKTPOHHON
annapatype. — 2011.

4. Djuraev D. R. et al. The principles of increasing the sensitivity of
transistor structures to external influences //Euroasian Journal of Semiconductors
Science and Engineering. - 2019. - T. 1. = Ne. 1. - C. 2.

5. A Turayev - E3S Web of Conferences, 2023// Sensitivity to pressure
and light of a depletion-mode field-effect transistor.
6. Karimov A. V. et al. Distinctive features of the temperature sensitivity of

a transistor structure in a bipolar mode of measurement //Journal of Engineering
Physics and Thermophysics. — 2016. — T. 89. — Ne. 2. — C. 514-517.

7. Abdulkhaev O. A. et al. Features of the temperature properties of a
field-effect transistor in a current-limiting mode //Journal of Engineering Physics and
Thermophysics. — 2013. — T. 86. — Ne. 1. — C. 248-254.

8. Dzhuraev D. R., Turaev A. A. Features of key parameters of field
transistors //Scientific reports of Bukhara State University. — 2020. — T. 3. — Ne. 2. —
C. 7-10.

9. Atoyevich T. A. et al. DIOD REJIMIDA ULANGAN MAYDON
TRANZISTORIGA YORUG'LIK TA’SIRINI O’RGANISH //Results of National
Scientific Research. — 2022. — T. 1. — Ne. 2. — C. 106-110.

10. TypaeB A. A., AxtamoB b. P. OcHOBHble KpuTepum napameTpoB
NMoneBoro TpaH3nucTopa Ans MHorodyHKUMOHanbHoro gatyuka //Hayka 6es rpaHuu,.
—2017.—=Ne. 6 (11). — C. 99-103.

1. Dxypaes [. P., Typaee A. A.,, Hwuasos JI. H. O cTokoBbIX
XapaKTepucTukax nosieBoro TpaH3UCTOpa B KayecTBe OrpaHMuuTens Toka W
npuemMHuKa ontuyeckoro curHana //CoBpeMeHHble TeHAEHUUN pasBUTUSA HAyKu U
npoussoacTtea. — 2014. — C. 135-135.

GERMANY ==



12. Rahmatov A. Z. et al. Features of the performance of a transient
voltage suppressor in the pulsed mode //Semiconductors. — 2013. — T. 47. — Ne. 3.
- C. 387-391.

13. Djuraev D. R., Turaev A. A. Photoelectric sensitivity of multifunctional
sensor on the outdoor transistor //Scientific reports of Bukhara State University. —
2018.—T.1.—Ne. 2. -C. 7-11.

14. Typaes A. A., Husasos J1. H. USYUEHUE HAMNPAXEHUA OTCEYKU
KAHAJIA TIOJIEBOIO TPAH3UCTOPA N TIEPCIEKTMBbI X NMPUMEHEHUA
//ICOBPEMEHHBLIE MATEPWAJIbI, TEXHUKA N TEXHOJIOTUA. — 2013. — C. 225-
226.

15. Abgynxaes O. A. n pgp. OcobeHHOCTN TemnepaTypHbIX CBOWCTB
NnosieBOro TpaH3MUCTOpa B peXume orpaHudeHus Tokos //HXeHepHOo-hn3nveckun
XypHan. —2013. - T. 86. — Ne. 1. - C. 232-237.

16. TypaeB A. A. OcobeHHOCTM TemnepaTypHON YyBCTBUTENBHOCTU
TPaAH3UCTOPHOWN CTPYKTypbl B ABYXNomntocHoM pexume //Colloquium-journal. —
["ononpucTaHCbKWUiA MiCbKPaNoOHHUIA LeHTp 3amHaTocTi, 2019. — Ne. 3-1 (27). — C.
71-74.

17. Abdulkhayev O. A. et al. Physico-technological aspects multifunctional
sensor on field-effect transistor /New Trends of Development Fundamental and
Applied Physics: Problems, Achievements and Prospects. — 2016. — C. 10-11.

18. Turaev A. A, KS S. Dinamik yuklamali sxemada maydoniy
tranzistorning kuchaytirish xossalari //Buxoro davlat universiteti ilmiy axboroti. —
2016.—-T.4.—Neo.64. — C. 31-35.

19. Rakhmanovich D. D. et al. Physical and Technological Aspects of the
Sensor on the Field Transistor //Central Asian journal of theoretical & applied
sciences. —2021. —T. 2. —Ne. 10. - C. 101-106.

20. Ahmedjonovna S. S., Ataevich T. A. Control of stock current in field-
effect transistors by gate voltage /ACADEMICIA: An International Multidisciplinary
Research Journal. — 2021. — T. 11. — Ne. 4. — C. 417-421.

21. Karimov A. V. et al. Features amplifying properties of a field effect
transistor in the circuit with dynamic load //Physical Surface Engineering. — 2015. —
T.13.—=Ne. 1. - C. 12-16.

22. Rakhmatov A. Z. et al. Research the drain characteristics of field-effect
transistor as current limiter. — 2010.

23. Typaee A. A. TepmMouyyBCTBUTENbHbIA MNapaMmeTp  MOSIEBOro
TpaH3UCTOpa B peXUMe OrpaHndeHuns Tokos //HayuHbin anbmaHax. — 2019. — Ne. 2-
2.—C. 81-84.

Mhu ¥ Mﬂ-
) Y
4 S 118

GERMANY ==




24. Karimov A. V., Djuraev D. R., Turaev A. A. Investigation temperature
sensitivity of the field-effect transistor in channel depletion mode //Journal of
Scientific and Engineering Research. —2017. - T. 4. —Ne. 2. - C. 14.

25. Karimov A. V., Djurayev D. R., Turaev A. A. Physical-technological
aspects of a multifunctional sensor based on a field-effect transistor. World Journal
of Engineering Research and //Technology. —2017. - T. 3. — Ne. 2. - C. 57.

26. TypaeB A. A., )Kypae A. P. Mogyrnb npvema onTUYECKUX CUrHanos c

BXOAHbIM KackagoM Ha nMonesBoM oToTpaH3uctope : Aaumc. — CymcKkun
rocygapcTBeHHbIN yHuBepcuTeT, 2016.
27. Kapumos A. B. u gp. OcobeHHOCTU TemnepaTypHON YyBCTBUTESNTbHOCTH

TPaH3UCTOPHON CTPYKTYpbl B OBYXMOMOCHOM peXxume usamepeHnsa //NHxeHepHo-
dusnyeckunin xxypHan. — 2016. — T. 89. — Ne. 2. — C. 497-500.

28. Abdulkhaev O. A. et al. The optical signal transfer and reception
modules via atmosphere. — 2011.

29. Juraev D. R., Nazarova M., Turaev A. The atmospheric optical
communication link of new generation. — 2010.

30. TypaeB A. A. CTokoBas, BOfnbTaMnepHble XapakTePUCTUKMA MNOSEeBOro
TpaH3nctopa //MHPOPMALNOHHBIE W WHHOBAUMOHHbLIE TEXHOMIOMMM B HayKe WU
obpasoBaHuun. — 2020. — C. 666-669.

31. Typaes, A. A. "CTokoBasi, BOfibTaMMepPHbIE XapaKTEPUCTUKN NOMEBOro
TpaH3nctopa." MHghopmauuoHHble U UHHOBAUUOHHbIE MEXHOM02UU 8 Hayke U
obpasosaHuu. 2020.

GERMANY ==




