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GóOVAKLI KREMNIYNING FOTOOóTKAZUVCHANLIK KINETIKASI VA 

FOTOOóTKAZUVCHANLIK SPEKTRI  ORQALI ELEKTROFIZIK  

XUSUSIYATLARINI TADQIQ QILISH  

 

A.T. Mamadalimov1,2, D.E. Xazratov1 

1OózMU huzuridagi yarimoótkazgichlar fizikasi va mikroelektronika ilmiy-tadqiqot instituti 
2Mirzo Ulug`bek nomidagi O`zbekiston Milliy universiteti 

 

Hozirgi vaqtda zamonaviy qurilmalar tayyorlashda asosiy material vazifasini kremniy asosli 

strukturalar koóp qoóllanilmoqda. Shunga asosan kremniyning optik, elektrofizik, termik hamda 

fotovoltaik xususiyatlarini oózgartirish maqsadida juda koóplab kirishmalar kiritiladi. Bu holatda 

kremniy asosli naômunalarga boshqa element atomlarini kiritish, yaôni legirlashdan oldin unga 

mexanik, termik va kimyoviy ishlovlar berish zarur boóladi [1, 2]. Ushbu ishda asosan naômuna 

sifatida 2KDʕ markali n-tipli kremniynidan bir nechta naômunalardan olindi. Keyingi bosqichda 

naômunalarni M8 (zarralarining oólchami 8 mikron) marka kukunda, shlifovka ( jilvirlash) qilinadi. 

Bu orqali naômuna sirti silliqlanib, koópgina sirtiy nuqsonlari bartaraf qilindi. Bu bizga kontakt 

olishda yoki naômunani xususiyatlarini oórganishda xatoliklarni bartaraf qilish maqsadida 

bajarildi. Naômunalar mexanik ishlov berilgandan soóng distillangan suvda 1000C haroratda 30 

minut davomida tozalandi. Góovakli kremniy olish uchun kremniy plastinkasidan tayyorlangan 

naômuna HF kislotasining 10% li suvdagi eritmasida t=5 soat davomida elektroliz qilindi.  

1- rasmda anodik  oóyish orqali góovakli kremniy olish sxemasi keltirilgan boólib anod 

sifatida kremniy monokristali katod sifatida platinadan foydalaniladi. 

 

 
1-rasm. Anodik  oóyish orqali góovakli kremniy olish sxemasi [3]  

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

(qalay) moddalaridan foydalanildi.  

2-rasmda góovakli kremniyning fotooótkazuvchanlik kinetikasi tasvirlangan boólib bu uning 

elektr oótkazuvchanligi yorugólik taôsirida qanday oózgarishini koórsatuvchi jarayon hisoblanadi. 

Ushbu jarayon fizikaviy va kimyoviy omillarga bogóliq boólib, elektronlarning qanday 

harakatlanishini, ularning rekombinatsiya vaqtini va oótkazuvchanlikning qanday oózgarishini 

tushunish uchun muhim hisoblanadi. Fotooótkazuvchanlik kinetikasini tushunish uchun 

elektronlar va teshikchalar harakatini tushunish kerak. Boshlangóich holatda yorugólik yoqilmagan 

vaqtda góovakli kremniy tarkibida kam sonli erkin elektron va teshikchalar mavjud boóladi, elektr 
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oótkazuvchanlik juda kam boóladi. Yorugólik yoqilishi bilan yorugólik fotonlari kremniy ichidagi 

elektronlarni qoózgóatadi. Bu esa oóz navbatida elektron-teshik juftlarini hosil qiladi. Elektronlar 

oóz energiyasini olganidan keyin harakatlana boshlaydi va tok kuchi keskin oósish kuzatiladi. 

Yorugólik doimiy ravishda taôsir qilsa, elektron-teshik juftlari doimiy ravishda hosil boóladi va 

rekombinatsiyalanadi. 

 

 
2-rasm. Góovakli kremniyning fotooótkazuvchanlik kinetikasi T=300K U=10V 

 

Agar hosil boólish va rekombinatsiya tezligi bir xil boólsa, oótkazuvchanlik barqaror boólib 

qoladi va tok kuchining toóyinishi kuzatiladi. Yorugólik oóchirilgandan 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 chiziq bilan tushish kuzatiladi. Bu 

kamayish tezligi materialning rekombinatsiya xususiyatlariga bogóliq boóladi. Ushbu natijalar 

orqali biz materialning yorugólikka sezgirligi, rekombinatsiya tezligi va oótkazuvchanlik 

oózgarishini tahlil qilishimiz mumkin [4].  

 
 

3-rasm. G óovakli kremniyning fotooótkazuvchanlik spektri 

3-rasmda Góovakli kremniyning fotooótkazuvchanlik spektri keltirilgan boᾶlib ushbu holatda 

yorugᾶlik energiyasi (hv) ortishi bilan nisbiy yorugᾶlik yutilishi (I nisbiy) orasidagi quyidagi 
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bogᾶlikni kuzatishmiz mumkin. 1.08 ï 1.23 eV oraligóida yorugᾶlik yutilishi ortib boradi va 1.23 

eV da maksimal qiymatga erishgan 1.23 eV dan keyin pasayish kuzatiladi.  

Góovakli kremniy anôanaviy kremniydan farqli xususiyatlarga ega boólib, u sensorlar, 

optoelektronika va nanoelektronika qurilmalarida qoóllanilishi mumkin. Tadqiqot natijalari shuni 

koórsatadiki, bu material past haroratli sensorlar, LED texnologiyalari va quyosh batareyalari 

uchun istiqbolli hisoblanadi 
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ʙʘʣʘʥʜʣʠʢʜʘʛʠ ʢʝʥʛʣʠʛʠ (FWHM) ʦʨʪʛʘʥʣʠʛʠ ʢʫʟʘʪʠʣʜʠ, ʙʫ ʵʩʘ ʪʫʟʠʣʤʘʥʠʥʛ ʢʨʠʩʪʘʣʣʘʥʠʰ 

ʜʘʨʘʞʘʩʠ ʷʭʰʠʣʘʥʛʘʥʠʜʘʥ ʜʘʣʦʣʘʪ ʙʝʨʘʜʠ. ɸʤʦʨʬ ʬʘʟʘʣʘʨ ʙʠʣʘʥ ʙʦסʣʠ127,16 ץ ʩʤ-1 ʚʘ 

196,24 ʩʤ-1 ʜʘʛʠ ʯ˄ץץʠʣʘʨ ʠʥʪʝʥʩʠʚʣʠʛʠʥʠʥʛ ʢʘʤʘʡʠʰʠ ʥʫץʩʦʥʣʘʨ ʤʠץʜʦʨʠ ʧʘʩʘʡʛʘʥʠʥʠ 

ʪʘʩʜʠץʣʘʡʜʠ. 307,94 ʩʤ-1 ʜʘ ʷʥʛʠ ʯ˄ץץʠʥʠʥʛ ʘʥʠץʣʘʥʠʰʠ Dy2O3 ʢʫʙʠʢ ʬʘʟʘʩʠʜʘʛʠ 2ʊɸ 

ʬʦʥʦʥ ʪʝʙʨʘʥʠʰʠ ʙʠʣʘʥ ʙʦסʣʠץ ʙ˄ʣʛʘʥ ʜʠʩʧʨʦʟʠʡʥʠʥʛ ʤʫʚʘʬʬʘץʠʷʪʣʠ ʣʝʛʠʨʣʘʥʛʘʥʠʥʠ 

ʢ˄ʨʩʘʪʘʜʠ. 

ʋʰʙʫ ʠʰʜʘ ʢʨʝʤʥʠʡʥʠ ʜʠʩʧʨʦʟʠʡ (Dy) ʙʠʣʘʥ ʣʝʛʠʨʣʘʰʥʠʥʛ ʫʥʠʥʛ ʪʫʟʠʣʠʰʠ ʚʘ ʦʧʪʠʢ 

ʭʫʩʫʩʠʷʪʣʘʨʠʛʘ ʪʘʲʩʠʨʠ ˄ʨʛʘʥʠʣʘʜʠ. ʃʝʛʠʨʣʘʰ ʪʝʨʤʦʜʠʬʬʫʟʠʷ ʫʩʫʣʠ ʙʠʣʘʥ ʘʤʘʣʛʘ 

ʦʰʠʨʠʣʜʠ: n-Si ʥʘʤʫʥʘʣʘʨʠ ʶץʦʨʠ ʚʘʢʫʫʤ ʰʘʨʦʠʪʠʜʘ 50 ʩʦʘʪ ʜʘʚʦʤʠʜʘ 1473 ʂ ״ʘʨʦʨʘʪʜʘ 
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ʠʰʣʦʚ ʙʝʨʠʣʜʠ [1-5]. ʃʝʛʠʨʣʘʰ ʞʘʨʘʸʥʠʜʘʥ ʩ˄ʥʛ ʢʠʤʸʚʠʡ ʪʦʟʘʣʘʰ, ʞʫʤʣʘʜʘʥ ʦʢʩʠʜ 

 ʦʪʠʰ ʫʯʫʥ HF ʵʨʠʪʤʘʩʠ ʙʠʣʘʥ ʠʰʣʦʚ ʙʝʨʠʣʜʠ. ɹʫ ʢʨʠʩʪʘʣʣ ʧʘʥʞʘʨʘʜʘʛʠץ˄ʘʪʣʘʤʠʥʠ ʡץ

˄ʟʛʘʨʠʰʣʘʨʥʠ ʚʘ ʤʘʪʝʨʠʘʣʥʠʥʛ ʥʫץʩʦʥʣʠ ʪʫʟʠʣʠʰʠʥʠ ʙʘ״ʦʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʜʠ. 

ʅʘʤʫʥʘʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ ʫʯʫʥ ʠʢʢʠʪʘ ʘʩʦʩʠʡ ʫʩʫʣ ץ˄ʣʣʘʥʜʠ: ʈʘʤʘʥ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠ. ɶʣʯʦʚʣʘʨ 50-1200 ʩʤī1 ʦʨʘʣʠסʠʜʘ 532 ʥʤ ʣʘʟʝʨʣʠ QE Pro High-Sensitivity 

Spectrometer ʸʨʜʘʤʠʜʘ ˄ʪʢʘʟʠʣʜʠ. ʂʨʝʤʥʠʡʥʠʥʛ ʙʘʨʯʘ ʤʦʥʦʢʨʠʩʪʘʣʣ ʥʘʤʫʥʘʣʘʨʠʥʠʥʛ 

ʙʠʨʠʥʯʠ ʪʘʨʪʠʙʣʠ ʢʦʤʙʠʥʘʮʠʦʥ ʩʧʝʢʪʨʠ (ɻ ʥʫץʪʘ, ʢ~0) ʭʦʥʘ ״ʘʨʦʨʘʪʠʜʘ 523,93 ʩʤī1 ʜʘ 

ʢʫʟʘʪʠʣʘʜʠ [6, 7]. ʏ˄ץץʠ n-Si ʥʘʥʦʢʨʠʩʪʘʣʣ ʠʯʠʜʘ ʦʧʪʠʢ ʬʦʥʦʥʥʠʥʛ ʩʦʯʠʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘ 

 ,ʦʩʠʣ ʙ˄ʣʘʜʠ ʚʘ n-Si ʥʠʥʛ Lʆ ʚʘ ʊʆ ʦʧʪʠʢ ʬʦʥʦʥ ʤʦʜʘʣʘʨʠʛʘ ʤʦʩ ʢʝʣʘʜʠ [8]. ʄʘʲʣʫʤʢʠ״

ʜʠʬʬʫʟʠʷ ʧʘʥʞʘʨʘ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠʥʛ ʢʝʥʛʘʡʠʰʠ ʈʘʤʘʥ ʯ˄ץץʠʩʠʥʠ ʢʠʯʠʢ ʪ˄ʣץʠʥ ʩʦʥʠ 

ʪʦʤʦʥ, ʧʘʥʞʘʨʘ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠʥʛ ʩʠץʠʣʠʰʠ ʵʩʘ ʢʘʪʪʘ ʪ˄ʣץʠʥ ʩʦʥʠ ʪʦʤʦʥ ʩʠʣʞʠʪʘʜʠ [9]. 

ʊʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ ʘʩʦʩʠʜʘ ʢʨʝʤʥʠʡʥʠʥʛ ʘʤʦʨʬ ʩʦ״ʘʩʠ ʫʯʫʥ ʈʘʤʘʥ ʯ˄ץץʠʣʘʨʠʥʠʥʛ 

ʭʘʨʘʢʪʝʨʣʠ ʩʠʣʞʠʰʣʘʨʠ ʢ˄ʨʩʘʪʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʣʘʨ ʪʘʭʤʠʥʘʥ 127,16 ʩʤī1 (ʊɸ) ʚʘ 196,24 ʩʤī1 

(Lɸ) ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ [9, 10, 11]. ʊʝʨʤʠʢ ʠʰʣʦʚ ʙʝʨʠʣʛʘʥ n-Si ʥʘʤʫʥʘʩʠ ʫʯʫʥ FWHM 

ʥʘʟʦʨʘʪ ʥʘʤʫʥʘʩʠʛʘ (n-Si) ץʘʨʘʛʘʥʜʘ ʧʘʩʪʨʦץ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, ʪʝʨʤʠʢ ʠʰʣʦʚ ʙʝʨʠʣʛʘʥ 

ʥʘʤʫʥʘʥʠʥʛ ʢʦʤʙʠʥʘʮʠʦʥ ʩʧʝʢʪʨʠʜʘ 127,16 ʩʤī1 ʚʘ 196,24 ʩʤī1 ʜʘ ʧʘʡʜʦ ʙ˄ʣʛʘʥ 

ʯ˄ץץʠʣʘʨʥʠʥʛ ʶץʦʨʠ ʠʥʪʝʥʩʠʚʣʠʛʠ, ʠʰʣʦʚ ʙʝʨʠʰ ʞʘʨʘʸʥʠʜʘ ʢʨʠʩʪʘʣʣʜʘ ʥʫץʩʦʥʣʘʨʥʠʥʛ 

ʶץʦʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʘʤʦʨʬ ʢʨʝʤʥʠʡ ״ʦʩʠʣ ʙ˄ʣʛʘʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. 

ʆʣʠʥʛʘʥ n-Si<Dy> ʥʘʤʫʥʘʣʘʨʠʥʠʥʛ ʢʦʤʙʠʥʘʮʠʦʥ ʩʦʯʠʣʠʰ ʩʧʝʢʪʨʣʘʨʠ (ʈʘʤʘʥ 

ʩʧʝʢʪʨʣʘʨʠ) ʪʘ״ʣʠʣ ץʠʣʠʥʛʘʥʜʘ, n-Si ʩʠʨʪʠʜʘ ʜʠʩʧʨʦʟʠʡʥʠʥʛ ʜʠʬʬʫʟʠʷʩʠ ʥʘʪʠʞʘʩʠʜʘ 

523,93 ʩʤī1 ʜʘʛʠ ʯ˄ץץʠʥʠʥʛ ʠʥʪʝʥʩʠʚʣʠʛʠ (FWHM) ץʠʡʤʘʪʠ ʙʠʣʘʥ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ 

ʦʰʛʘʥʠ, 127,16 ʩʤī1 ʚʘ 196,24 ʩʤī1 ʜʘʛʠ ʘʤʦʨʬ ʩʦ״ʘ ʯ˄ץץʠʣʘʨʠʥʠʥʛ ʠʥʪʝʥʩʠʚʣʠʛʠ ʵʩʘ ʢʝʩʢʠʥ 

ʢʘʤʘʡʛʘʥʠ ʘʥʠץʣʘʥʜʠ. ʋʰʙʫ ʢʫʟʘʪʫʚʣʘʨ ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʜʠʩʧʨʦʟʠʡʥʠʥʛ ʜʠʬʬʫʟʠʷʩʠ n-

Si ʥʘʤʫʥʘʣʘʨʠʜʘ ʥʫץʩʦʥ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ ʢʘʤʘʡʪʠʨʠʰ ʦʨץʘʣʠ ʩʪʨʫʢʪʫʨʘʚʠʡ 

ʢʨʠʩʪʘʣʣʘʥʠʰʥʠ ʢʫʯʘʡʪʠʨʘʜʠ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, 307,94 ʩʤī1 ʜʘ ʧʘʡʜʦ ʙ˄ʣʛʘʥ ʷʥʛʠ ʯ˄ץץʠ 

Dy2ʆ3 ʢʫʙʠʢ ʬʘʟʘʩʠʜʘʛʠ  Fg (2ʊɸ) ʯʠʟʠסʠ ʙʠʣʘʥ ʙʦסʣʠץʣʠʛʠ ʘʥʠץʣʘʥʜʠ [12, 13]. ʋʰʙʫ ʯ˄ץץʠ 

FWHM ʠʥʪʝʥʩʠʚʣʠʛʠ ʚʘ ʢʝʥʛʣʠʛʠ ʤʦʩ ʨʘʚʠʰʜʘ 307,94 ʩʤī1, 1157,84 ʚʘ 44,15 ʩʤī1 ʥʠ ʪʘʰʢʠʣ 

ʵʪʘʜʠ. ʐʫʥʜʘʡ ץʠʣʠʙ, ʢʦʤʙʠʥʘʮʠʦʥ ʩʦʯʠʣʠʰ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠ ʸʨʜʘʤʠʜʘ ʢʨʝʤʥʠʡ ʩʠʨʪʠʜʘ 

ʜʠʩʧʨʦʟʠʡʥʠʥʛ (n-Si<Dy> ʰʘʢʣʠʜʘ) ʚʘʢʫʫʤ ʰʘʨʦʠʪʠʜʘ 1473 ʂ ״ʘʨʦʨʘʪʜʘ 50 ʩʦʘʪ ʜʘʚʦʤʠʜʘ 

ʤʫʚʘʬʬʘץʠʷʪʣʠ ʜʠʬʬʫʟʠʷʩʠʥʠ ʪʘʩʜʠץʣʘʰ ʤʫʤʢʠʥ. 15 ʤʢʤ ץʘʣʠʥʣʠʢʜʘʛʠ ʩʠʨʪ ץʘʪʣʘʤʠ ʦʣʠʙ 

ʪʘʰʣʘʥʛʘʥʜʘʥ ʩ˄ʥʛ, 307,94 ʩʤī1 ʩʦ״ʘʜʘ Dy2ʆ3 ʯ˄ץץʠʩʠ ʠʥʪʝʥʩʠʚʣʠʛʠʥʠʥʛ ʩʝʟʠʣʘʨʣʠ 

ʜʘʨʘʞʘʜʘ ʧʘʩʘʡʛʘʥʠ ʢʫʟʘʪʠʣʜʠ, ʙʫʥʜʘ n-Si ʛʘ ʥʠʩʙʘʪʘʥ ʢʨʠʩʪʘʣʣ ʩʪʨʫʢʪʫʨʘʥʠʥʛ 

ʠʥʪʝʥʩʠʚʣʠʛʠ ʢʘʤʘʡʜʠ ʚʘ ʘʤʦʨʬ ʩʦ״ʘʥʠʥʛ ʠʥʪʝʥʩʠʚʣʠʛʠ ʦʰʜʠ. n-Si<Dy> ʥʘʤʫʥʘʩʠʥʠ 

ʪʘ״ʣʠʣ ץʠʣʠʰʜʘ ʢʠʤʸʚʠʡ ʚʘ ʤʝʭʘʥʠʢ ʠʰʣʦʚ ʙʝʨʠʰ ʥʘʪʠʞʘʩʠʜʘ Dy2ʆ3 ץʘʪʣʘʤʠ ʢʨʝʤʥʠʡ 

ʩʠʨʪʠʜʘʥ ʡ˄ץʦʣʛʘʥʣʠʛʠ ʘʥʠץʣʘʥʜʠ. 

ɼʘʩʪʣʘʙʢʠ n-Si ʚʘ ʦʣʠʥʛʘʥ n-Si<Dy> ʥʘʤʫʥʘʣʘʨʠʥʠʥʛ ʬʠʟʠʢ-ʢʠʤʸʚʠʡ ʪʫʟʠʣʠʰʠʥʠ 

ʯʫץʫʨ ˄ʨʛʘʥʠʰ ʤʘץʩʘʜʠʜʘ ʨʝʥʪʛʝʥ ʬʘʟʘʣʠ ʪʘ״ʣʠʣ ˄ʪʢʘʟʠʣʜʠ. ɼʘʩʪʣʘʙ n-Si ʥʘʤʫʥʘʩʠʥʠʥʛ 

ʨʝʥʪʛʝʥ ʩʧʝʢʪʨʠ ʦʣʠʥʜʠ ʚʘ ʪʘ״ʣʠʣ ץʠʣʠʥʜʠ. 

ʅʘʤʫʥʘʥʠʥʛ ʩʪʨʫʢʪʫʨʘʚʠʡ ʘʢʩʣʘʥʠʰʣʘʨʠ ʦʨʘʩʠʜʘ 2ɗ = 27,99Á ʙʫʨʯʘʢʜʘ d/n = 3,188 

ʥʤ ʙʠʣʘʥ ʢʫʟʘʪʠʣʛʘʥ ʩʪʨʫʢʪʫʨʘ ʯʠʟʠסʠ ʵʥʛ ʶץʦʨʠ ʠʥʪʝʥʩʠʚʣʠʢʢʘ ʵʛʘ ʙ˄ʣʠʙ, ʙʫ ʪʘʞʨʠʙʘ 

ʪʘ״ʣʠʣʠ ʥʘʪʠʞʘʩʠʜʘ ʘʥʠץʣʘʥʛʘʥʠʜʝʢ, (111) ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʢ ʡ˄ʥʘʣʠʰʛʘ ʤʦʩ ʢʝʣʘʜʠ. 

ʊʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ ʙ˄ʡʠʯʘ ʘʥʠץʣʘʥʛʘʥ ʙʫ ʘʢʩʣʘʥʠʰʥʠʥʛ ʶץʦʨʠ ʠʥʪʝʥʩʠʚʣʠʛʠ (21779 

ʠʤʧ*Ŀʩʝʢī1) ʚʘ ʫʥʠʥʛ ʷʨʠʤ ʢʝʥʛʣʠʛʠ (0,01 ʨʘʜ) ˄ʨʛʘʥʠʣʘʸʪʛʘʥ ʥʘʤʫʥʘʣʘʨʥʠʥʛ ʷʭʰʠ 

ʢʨʠʩʪʘʣʣʘʥʠʰ ʜʘʨʘʞʘʩʠʥʠ ʚʘ ʫʣʘʨ (111) ʪʘʨʢʠʙʠʜʘʛʠ ʘʪʦʤʣʘʨʥʠʥʛ ʢ˄ʧʯʠʣʠʛʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʢ ʪʘʨʪʠʙʜʘ ʞʦʡʣʘʰʛʘʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ʋʰʙʫ ʩʪʨʫʢʪʫʨʘʚʠʡ ʘʢʩʣʘʥʠʰʛʘ 
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ʢ˄ʨʘ, ʫʥʠʥʛ ʙʝʪʘ (ɓ) ʢʦʤʧʦʥʝʥʪʠ 2ɗ = 25,31Á ʙʫʨʯʘʢʜʘ d/n = 3,5096 ʥʤ ʜʘ ʢʫʟʘʪʠʣʛʘʥ ʙ˄ʣʩʘ, 

ʠʢʢʠʥʯʠ (222) ʚʘ ʫʯʠʥʯʠ (333) ʪʘʨʪʠʙʣʠ ʘʢʩʣʘʥʠʰʣʘʨ ʤʦʩ ʨʘʚʠʰʜʘ 2ɗ = 57,9Á ʙʫʨʯʘʢʜʘ d/n 

= 1,5933 ʥʤ ʚʘ 2ɗ = 94,68Á ʙʫʨʯʘʢʜʘ d/n = 1,0474 ʥʤ ʜʘ ʢʫʟʘʪʠʣʛʘʥ. ʆʜʘʪʜʘ, ʠʢʢʠʥʯʠ ʪʘʨʪʠʙʣʠ 

(222) ʘʢʩʣʘʥʠʰ ʙʠʨʠʥʯʠ ʪʘʨʪʠʙʣʠ (111) ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʢ ʘʢʩʣʘʥʠʰʛʘ ʥʠʩʙʘʪʘʥ 

ʪʘץʠץʣʘʥʛʘʥ ʩʪʨʫʢʪʫʨʘ ʯʠʟʠסʠ ״ʠʩʦʙʣʘʥʘʜʠ ʚʘ ʢ˄ʧ ״ʦʣʣʘʨʜʘ ʢʨʠʩʪʘʣʣ ʧʘʥʞʘʨʘʥʠʥʛ 

ʤʠʢʨʦʙʫʟʠʣʠʰʣʘʨʠ ʤʘʚʞʫʜʣʠʛʠ ʪʫʬʘʡʣʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʣʘʨʜʘ ʥʘʤʦʸʥ ʙ˄ʣʘʜʠ. ʀʢʢʠʥʯʠ 

ʪʘʨʪʠʙʣʠ ʩʪʨʫʢʪʫʨʘ ʯʠʟʠסʠ ʠʥʪʝʥʩʠʚʣʠʛʠʥʠʥʛ ʘʩʦʩʠʡ ʩʪʨʫʢʪʫʨʘ ʯʠʟʠסʠ ʠʥʪʝʥʩʠʚʣʠʛʠʛʘ 

ʥʠʩʙʘʪʠ I (222) /I (111) = 3,6Ŀ10ī3 ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ ʚʘ ʙʫ ץʠʡʤʘʪ 10ī4 ʜʘʥ ʢʘʪʪʘʣʠʛʠ 

˄ʨʛʘʥʠʣʘʸʪʛʘʥ n-Si (ʙʦʰʣʘʥסʠʯ) ʥʘʤʫʥʘʩʠʥʠʥʛ ʢʨʠʩʪʘʣʣ ʧʘʥʞʘʨʘʣʘʨʠʜʘ ʥʫץʩʦʥʣʘʨ 

ʤʘʚʞʫʜʣʠʛʠʥʠ ʷʥʘ ʙʠʨ ʙʦʨ ʪʘʩʜʠץʣʘʡʜʠ. ʂʨʠʩʪʘʣʣ ʧʘʥʞʘʨʘʥʠʥʛ ʙʫʥʜʘʡ ʥʫץʩʦʥʣʘʨʠ 

ʢʨʝʤʥʠʡ ״ʘʞʤʠʜʘ ʘʩʦʩʠʡ ʬʦʥ ʘʨʘʣʘʰʤʘʣʘʨʠ ʙ˄ʣʛʘʥ ʢʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠʥʠʥʛ ʥʦʪʝʢʠʩ 

ʪʘץʩʠʤʣʘʥʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. ʂʨʠʩʪʘʣʣ ʧʘʥʞʘʨʘʜʘʛʠ ʥʫץʩʦʥʣʘʨ ʤʘʚʞʫʜʣʠʛʠ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʜʘ ʥʦʵʣʘʩʪʠʢ ʬʦʥ ʜʘʨʘʞʘʩʠʥʠʥʛ ʥʦʤʦʥʦʪʦʥ ʭʫʩʫʩʠʷʪʠ ʙʠʣʘʥ ״ʘʤ 

ʪʘʩʜʠץʣʘʥʘʜʠ. ɹʫ ʜʘʨʘʞʘ ʢʠʯʠʢ, ˄ʨʪʘ ʚʘ ʢʘʪʪʘ ʩʦʯʠʣʠʰ ʙʫʨʯʘʢʣʘʨʠʜʘ ˄ʟʛʘʨʫʚʯʘʥ 

 .ʠʣʘʜʠץ ʘʙʫʣץ ʠʡʤʘʪʣʘʨʥʠץ

Dy ʘʪʦʤʣʘʨʠ ʙʠʣʘʥ ʣʝʛʠʨʣʘʥʛʘʥ n-Si ʥʘʤʫʥʘʣʘʨʠʥʠʥʛ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʦʥ ʩʧʝʢʪʨʣʘʨʠ 

ʦʣʠʥʜʠ. ʆʣʠʥʛʘʥ ʩʧʝʢʪʨʣʘʨ ʜʘʩʪʣʘʙʢʠ ʥʘʤʫʥʘ ʩʧʝʢʪʨʣʘʨʠʛʘ ʥʠʩʙʘʪʘʥ ʩʝʟʠʣʘʨʣʠ ʬʘʨץʣʘʨ 

ʢ˄ʨʩʘʪʜʠ. ɸʩʦʩʠʡ ʩʪʨʫʢʪʫʨʘ ʯʠʟʠסʠ (111) ʥʠʥʛ ʢʘʪʪʘ ʩʦʯʠʣʠʰ ʙʫʨʯʘʢʣʘʨʠ ʪʦʤʦʥ ȹ = 0,19Á 

ʛʘ ʩʠʣʞʠʰʠ ʢʫʟʘʪʠʣʜʠ, ʙʫʥʜʘ ʫʥʠʥʛ ʠʥʪʝʥʩʠʚʣʠʛʠ ˄ʟʠʥʠʢʠʛʘ ʥʠʩʙʘʪʘʥ 18 ʙʘʨʦʙʘʨ ʦʰʜʠ. ɹʫ 

ʵʩʘ ʤʫʘʡʷʥ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʢ ʡ˄ʥʘʣʠʰʛʘ ʤʘʥʩʫʙ ʘʪʦʤʣʘʨ ʩʦʥʠ ʦʨʪʛʘʥʠʥʠ ʘʥʛʣʘʪʘʜʠ. ʂʘʪʪʘ 

ʩʦʯʠʣʠʰ ʙʫʨʯʘʢʣʘʨʠ ʪʦʤʦʥ ʩʠʣʞʠʰ Dy ʘʪʦʤʣʘʨʠʥʠʥʛ ʢʨʝʤʥʠʡ ʢʨʠʩʪʘʣʣ ʧʘʥʞʘʨʘʩʠʛʘ 

ʢʠʨʠʙ, ʜʝʬʦʨʤʘʮʠʷ ʶʟʘʛʘ ʢʝʣʛʘʥʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ɹʫ ʵʩʘ ʧʘʥʞʘʨʘ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠʥʛ ʘSi - 

ʘSi<Dy> = 5,4451 ʥʤ - 5,4080 ʥʤ = 0,037 ʥʤ ʬʘʨץʣʘʥʠʰʠʛʘ ʦʣʠʙ ʢʝʣʜʠ. ʅʘʪʠʞʘʜʘ, 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʜʘʛʠ ʠʢʢʠʥʯʠ ʪʘʨʪʠʙʣʠ (222) (ʪʘץʠץʣʘʥʛʘʥ) ʩʪʨʫʢʪʫʨʘ ʯʠʟʠסʠʥʠʥʛ 

ʥʫʨʣʘʥʠʰ ʠʥʪʝʥʩʠʚʣʠʛʠ 25 ʙʘʨʦʙʘʨ ʦʨʪʜʠ. ʋʰʙʫ ʩʪʨʫʢʪʫʨʘ ʯʠʟʠסʠ ʠʥʪʝʥʩʠʚʣʠʛʠʥʠʥʛ 

ʘʩʦʩʠʡ ʩʪʨʫʢʪʫʨʘ ʯʠʟʠסʠ (111) ʠʥʪʝʥʩʠʚʣʠʛʠʛʘ ʥʠʩʙʘʪʠ I (222) / I (111) = 0,005 ʥʠ ʪʘʰʢʠʣ 

ʵʪʘʜʠ. ɹʫ 10-4 ʜʘʥ ʢʘʪʪʘ ʙ˄ʣʠʙ, ʜʠʩʧʨʦʟʠʡ ʘʪʦʤʣʘʨʠʥʠʥʛ ʜʠʬʬʫʟʠʷʩʠ ʥʘʪʠʞʘʩʠʜʘ 

ʤʘʚʞʫʜʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. n-Si<Dy> ʥʘʤʫʥʘʩʠ P4m2 ʬʘʟʦʚʠʡ ʛʫʨʫ״ʛʘ ʤʘʥʩʫʙ ʙ˄ʣʠʙ, 

ʧʘʨʘʤʝʪʨʣʘʨʠ ʘ = ʙ = 3,8116 ʥʤ ʚʘ c = 5,4933 ʥʤ ʙ˄ʣʛʘʥ ʪʝʪʨʘʛʦʥʘʣ ʵʣʝʤʝʥʪʘʨ ʷʯʝʡʢʘʣʘʨʜʘʥ 

ʪʘʰʢʠʣ ʪʦʧʛʘʥ. 

ʋʤʫʤʘʥ ʦʣʛʘʥʜʘ, ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʢʨʝʤʥʠʡʥʠ ʜʠʩʧʨʦʟʠʡ 

ʙʠʣʘʥ ʣʝʛʠʨʣʘʰ ʢʨʠʩʪʘʣʣ ʪʫʟʠʣʠʰʠʥʠʥʛ ʷʭʰʠʣʘʥʠʰʠʛʘ ʚʘ ʦʧʪʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠʥʛ 

˄ʟʛʘʨʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠ ʚʘ ʨʝʥʪʛʝʥ ʬʘʟʘʣʠ ʪʘ״ʣʠʣ ʫʩʫʣʣʘʨʠʥʠ 

 ʣʣʘʰ ʥʦʜʠʨ ʝʨ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʢʨʝʤʥʠʡ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨ ʤʝʭʘʥʠʟʤʣʘʨʠʥʠ ʚʘ˄ץ

ʫʣʘʨʥʠʥʛ ʷʨʠʤ˄ʪʢʘʟʛʠʯ ʤʘʪʝʨʠʘʣʣʘʨ ʭʫʩʫʩʠʷʪʣʘʨʠʛʘ ʪʘʲʩʠʨʠʥʠ ʯʫץʫʨʨʦץ ʪʫʰʫʥʠʰ 

ʠʤʢʦʥʠʥʠ ʙʝʨʜʠ. 
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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 III-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 0.3õ20 ɋĿcm 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 ĭ. 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 (q = 0). This leads to the 

fact that phonons with any wave vectors q become resolved in the spectrum, which ultimately 

reflects the density of the vibrational states of the crystal lattice of the material under study [8ï9]. 

 
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 ĭ and a width at a half-height of 4.3 

cm ĭ. 

 

 
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 ĭ 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 380ï600 cm ĭ, 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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Zamonaviy jahon ilmiy-texnik taraqqiyoti elektronikaning rivojlanishi bilan bevosita 

bogóliq boólib, uning yutuqlari asosan fundamental fanlar, birinchi navbatda, qattiq jism 

fizikasining va yarim oótkazgichlar fizikasining yutuqlariga asoslanadi. Soónggi yillarda ushbu 

sohalardagi ilgóor natijalar past oólchamli tuzilmalarning fizikasi va nano hamda optoelektronika, 

aloqa vositalari, yangi texnologiyalar va oólchash uskunalari uchun tamomila yangi funksional 

imkoniyatlarga ega boólgan nanotu strukturalarni yaratish texnologiyalari bilan bogóliq.  

Strukturaviy kremniy hozirgi kunda katta qiziqish uygóotmoqda, chunki Si nafaqat 

elektronika, balki optoelektronika va quyosh batareyalari uchun ham istiqbolli material 

hisoblanadi. Shu sababli, oólchami kichik obôektlarning hosil boólishini tadqiq qilish va ularning 

yarim oótkazgichlarning elektro-fizikaviy, optik, fotoelektrik va magnit xususiyatlariga taôsirini 

oórganish bugungi kunda dolzarb masalalardan biri hisoblanadi.   

Ushbu ishda biz monokristall kremniyda lyutetsiy (Lu) atomlari bilan legirlangan holda bir 

va ikki fononli kombinatsion yorugólik sochilish spektrlarini taqdim etamiz. 

Tadqiqot uchun 0,3 dan 100 OmĿsm gacha boólgan boshlangóich xususiy qarshilikka ega 

n-Si va p-Si namunalar tanlandi. Lu bilan legirlash jarayoni termodiffuziya usuli yordamida 

bosqichma-bosqich amalga oshirildi. Legirlashdan oldin namunalar kimyoviy tozalash va oóyish 

jarayonidan oótkazilib, HF eritmasi yordamida oksid qatlamlari toóliq olib tashlandi[5,7].  

Namunalar diffuziya pechida 1250ÁC haroratda 50 soat  diffuziya qilindi va ikki xil usulda 

tez va sekin sovutildi. Lu atomlarining kremniy bilan oózaro taôsirini oórganish uchun moddaning 

bir xil legirlanishi va maksimal konsentratsiyaga erishish muhim ahamiyat kasb etadi. 

Strukturaviy-fazaviy holat Empyrean Malvern rentgen difraktometri yordamida nazorat qilindi. 

Pik maksimumlarini aniqlash uchun OriginPro2019 dasturi ishlatildi. Rentgen difraksion 

oólchovlar Bragg-Brentano geometriyasida, 2ɗB = 10Á dan 90Á gacha boólgan diapazonda, 

0,33Á/min skanerlash tezligida va 0,0200Á burchak qadamida oótkazildi.   

1-rasmda kontrol n-Si namunasi uchun rentgenogramma tasvirlangan. Difraksion tasvirda 

turli intensivlikka ega bir nechta selektiv reflekslar mavjudligi kuzatilmoqda. Tahlil natijasida 

substrat sirtining (111) kristallografik tekislikkamos kelishi aniqlandi. Bunga (111)Si selektiv 

refleksi mavjudligi dalolat qiladi, d/n = 0,3141 nm (2ɗ = 28,16Á).  (111)Si birinchi tartibdagi 

refleksining ɓ-komponenti 2ɗ = 24,92Á da,u chinchi tartib refleksi esa 2ɗ = 83,3Á da kuzatiladi.   

Asosiy refleksning yuqori intensivligi (29423 impuls/sek) va uning torligi (FWHM = 

5Ĭ10 į rad) substratning kristall panjarasi mukammalligini tasdiqlaydi.  

Shu bilan birga, refleksning Ŭ  va Ŭ  nurlanishlarga boólinmasligi va kichik burchaklar (2ɗ 

= 10õ30Á) diapazonida inelastik fon darajasining nomutanosibligi kremniy panjarasida elastik 

mikrozoóriqishlar mavjudligini koórsatadi. Elastik zoóriqish asosan substratning yuza qatlamida 

toóplangan boólib, bu kremniy (r = 0.42 ¡) va kislorod (r = 1.40 ¡) ion radiuslarining farqi hamda 

termik zoóriqishlar bilan bogóliq.   
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Kislorod ionlari kremniy ionlariga qaraganda katta boólgani uchun ular energiya jihatidan 

donalararo va bloklar (subkristallitlar) orasidagi boóshliqlarda joylashishga moyil boóladi[1-4, 6, 

8-9]. Bu joylarda matritsa ionlari orasidagi kimyoviy bogólar toóliq toóyinmagan boólib, 

panjaraning ideal holatidan chetga siljishiga olib keladi. Natijada past simmetriyali tuzilma 

shakllanadi. Buni tasdiqlovchi rentgenogrammadagi reflekslar: (100) refleksi, d/n = 0,4349 nm 

(2ɗ = 20,4Á) (101) refleksi, d/n = 0,3414 nm (2ɗ = 25,93Á). Bu reflekslar kontrol n-Si 

namunalaridagi SiO  birikmasining kristallik shaklda ekanligini bildiradi. Ushbu SiO  fazasining 

mavjudligi matritsada elastik zoóriqish va kislorodning notekis taqsimlanganligini tasdiqlaydi.  

Bundan tashqari, rentgenogrammada 2ɗ å 16,3Á da keng (FWHM = 2,8Ĭ10 Į rad) diffuz aks 

ettirish kuzatiladi. Bu toóyinmagan bogólanishlarga ega SiOx struktura fragmentlari mavjudligini 

koórsatadi. Ushbu refleksning haddan tashqari kengligi bu fragmentlarning oólchami kichik 

ekanligini va uzoq tartibga ega boólmaganini bildiradi. Shunday qilib, bu struktura fragmentlari 

SiOx nanokristallari emas, balki klasterlar ekanligi aniqlandi. 

 
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 farq qiladi. 

Koórinib turibdiki, asosiy kristallografik yoónalish (111) ga tegishli struktura aks ettirish 

intensivligi deyarli 20 baravar kamaygan, shuningdek, sochilish burchaklari kattaroq tomonga 0,1Á 

ga siljigan. Yuqorida taôkidlanganidek, kremniy atomlariga lyutetsiy atomlari kiritilganda, kristall 

panjarasida mikro oózgarishlar yuzaga keladi, bu esa, oóz navbatida, n-Si namunasi kristall 

panjarasi doimiyligining kamayishiga olib keladi. Bundan tashqari, Lu atomlarining kremniy 

atomlari bilan oózaro taôsiri natijasida silitsidlar hosil boóladi, natijada n-Si namunasi 

rentgenogrammasida (001) va (100) kristallografik yoónalishlariga 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 oózgarishlar sodir boóladi. Shu sababli, rentgenogrammada kichik sochilish 

burchaklari sohasida SiLuxOy ga tegishli diffuz aks ettirish kuzatildi. Ushbu diffuz aks ettirish 

fonida kremniy, lyutetsiy va kislorod atomlarining oózaro taôsiri natijasida hosil boólgan 

kristallitlarga tegishli struktura aks ettirishlari kuzatildi (Lu2SiO5), ular (001), (110) va (200) 

kristallografik yoónalishlariga tegishli. Ushbu struktura aks ettirishlarining eksperimental 
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natijalariga asoslanib, Lu2SiO5 kristallitlari P21/c faza guruhiga tegishli ekani va monoklin 

elementar katakka ega ekani aniqlandi: a=b=0.6614 nm va c=0.9123 nm. 

Xulosa Shunday qilib, lyutetsiy (Lu) atomlarining kremniy panjarasiga kiritilishi kristall 

tuzilishida mikro oózgarishlarga sabab boóladi. Aniqlanishicha, lyutetsiy aralashma atomlari 

kremniy atomlari bilan birikib, kristallik tartibga ega boólgan har xil darajadagi silitsidlardan iborat 

polikristallik sohalarni shakllantiradi. Ushbu polikristallik sohalar P6/mmm faza guruhiga tegishli 

boólib, ularning geksagonal elementar katagi quyidagi panjara parametrlari bilan tavsiflanadi: 

a=b=0.4085 nm va c=0.3803 nm. Shuningdek, subkristallitlar chegaralarida 15õ18 nm hajmli 

mayda Lu2O3 kristallitlari shakllanishi aniqlandi, ular P3m1 faza guruhiga tegishli boólib, 

uchburchak elementar katakka ega: a=b=0.3573 nm va c=0.5843 nm. Uzoq muddatli Lu atomlarini 

n-Si namunalariga kiritish va ularni tez sovutish natijasida ularning yuzasida SiLuxOy ga tegishli 

boólgan fragmentlar shakllanadi. Shuningdek, kremniy, lyutetsiy va kislorod atomlarining oózaro 

taôsiri natijasida Lu2SiO5 kristallitlari hosil boólishi aniqlandi, ular P21/c faza guruhiga tegishli 

boólib, monoklin elementar katakka ega: a=b=0.6614 nm va c=0.9123 nm. 
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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). 

 
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 AlïSiOïnïSi structure, obtained 

by thermally oxidizing siliconða widely used process in microelectronicsðwas utilized [65; 137-

140]. Five sample structures with an oxygen concentration of 3 Ĭ 10ĭ  cm į 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 

- 0.2 eV to Ec - 0.7 eV energy range, where all experimental outcomes are consistent. At the same 

time, significant variations in the average surface state density are observed at the energy 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. 

 
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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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 ɔīquanta 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
opt was 7Ĭ1016õ 9Ĭ1017 cm-3.  

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
opt = 9Ĭ10 17 cm-3, a new deep level 

is introduced with ionization energy E - eV (peak A) and electron capture cross-section sn=1Ĭ10
-

14 cm2 (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
opt  of the order of 7Ĭ1016 cm-

3 was also studied. It was found that in such control samples of silicon (Fig. 1, curve 2), 

ɔīirradiation introduces A ï centers and E ï centers with ionization energy Ec-0.43 eV and electron 

capture cross-section sn = 1.8Ĭ10
-15 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
opt = 9Ĭ1017 cm-3, curve 2: No

opt 

= 7Ĭ1016 cm-3). 

Figure 2 shows the typical DLTS spectra of n-Si<Hf> samples with NO
opt of the order of 

8Ĭ1016 cm-3 after ɔīirradiation. It has been established that as a result of irradiation in samples of 

n-Si, 

 
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
 = 8Ĭ1016 cm-3). 

 

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 ï hafnium. With a high oxygen content 

of NO
opt of about 9Ĭ1017 cm-3, the formation of A-centers dominates, with a content of NO

opt of 

about 7Ĭ1016 cm-3, the formation of E-centers dominates. 
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Kremniy asosidagi materiallar bugungi kunda mikroelektronika va fotovoltaika sohalarining 

asosiy tarkibiy qismlaridan biri hisoblanadi. Ushbu materiallar orasida monokristall kremniy 

(mono-Si) va polikristall kremniy (poly-Si) keng oórganilib, amaliyotga tatbiq etilmoqda. Mono-

Si yuqori sifatli va nuqsonsiz struktura bilan ajralib tursa-da, poly-Si oózining iqtisodiy 

samaradorligi va ishlab chiqarish jarayonidagi qulayliklari bilan alohida e'tiborga loyiqdir[1]. 

Polikristall kremniy ishlab chiqarishda kam energiya talab qilishi va nisbatan arzon 

texnologiyalardan foydalanish imkonini berishi tufayli ancha arzon materialdir. Bundan tashqari, 

poly-Si kattaroq oólchamda ishlab chiqarilishi bilan farq qilib, hajm jihatidan koóproq material 

olish imkonini beradi, bu esa uni quyosh energiyasi sohasida keng qoóllashga asos yaratadi. [2] 

Polikristall kremniyning yana bir muhim ustunligi uning mexanik mustahkamligi va 

issiqlikka chidamliligidir. Bu xususiyat materialni yuqori haroratli texnologik jarayonlar uchun 

mos qiladi. Donalararo chegaralarning mavjudligi esa materialning elektr xususiyatlarini 

oózgartirish va boshqarish imkonini berib, ilmiy tadqiqotlar va amaliy ishlanmalarning yangi 

yoónalishlarini ochadi[3]. Ayniqsa, poly-Si tarkibiga nikel kabi ogóir metall atomlarini kiritish 

orqali elektrfizik parametrlarni yaxshilash masalasiga alohida eôtibor qaratiladi[4]. Nikel 

atomlarining donalararo chegaralarda toóplanishi va klasterlarning shakllanishi materialning elektr 

oótkazuvchanligi, qarshiligi hamda relaksatsiya jarayonlariga sezilarli taôsir koórsatadi. Shu 

sababli, polikristall kremniyga nikel kirishma atomlarni diffuziya qilishda zamonaviy texnologik 

yondashuvlar orasida katta ilmiy va amaliy qiziqish uygóotmoqda. [5,] 

Polikristall kremniy namunaga nikel kirishma atomlari 1000  haroratda ochiq atmosfera 

sharoitida 30 minut vaqt davomida amalaga oshirildi. 

Nikel kirishma atomlari polykristall kremniyni elektrofizik parametrlariga tasirini oôrganish 

uchun  DLTS (Deep Level Transient Spectroscopy)  metodida  oôlchovlari amalga oshirildi. 

Buning uchun nikel kirishma atomlari boôlgan va nikelsiz namunalar bir xil jarayonlardan oôtdi. 
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DLTS metodlarini amalga oshirish uchun polykristall kremniy namunalari yuzasi sayqallash va 

jilolash bosqichlaridan oôtadi. Yuzada metall - yarimoôtkazgich kontakt xosil qilish uchun yuzaga 

Au yotqizildi va metall ï yarimoôtkazgich kontankti xosil qilindi. 

DLTS (Deep Level Transient Spectroscopy) usuli yarimoótkazgichlarda chuqur darajadagi 

nuqsonlarni tahlil qilish uchun ishlatiladi. Bu usul, asosan, yarimoótkazgich materiallaridagi deep-

level (chuqur daraja) nuqsonlarning xususiyatlarini aniqlash, ularning energiya darajalarini va 

zaryad tashuvchilarining taqsimlanishini oórganish imkonini beradi. DLTS oólchashlari 

yarimoótkazgichlarning elektr-xususiyatlari, zaryad tashuvchilari va nuqsonlarning taqsimlanish 

mexanizmlarini aniqlashda muhim ahamiyatga ega. DLTS usuli, yarimoótkazgichdagi 

nuqsonlarning konsentratsiyasini aniqlashga imkon beradi. Bu nuqsonlar donalararo chegaralar, 

yarimoótkazgichning p-n o'tishida yoki metall-yarimoótkazgich interfeyslarida joylashgan boólishi 

mumkin. DLTS usuli yordamida zaryad tashuvchilarining rekombinatsiya va generatsiya 

mexanizmlarini oórganish mumkin .  
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3-rasm. Polykristall kremniyning dlts oólchashlar natijalari. (S1- nikel kirishma 

atomlari boólmagan namuna. S2 ï nikel kirishma atomlari bilan ligerlangan namuna  

S1 grafigida ȹC/C qiymatining katta tebranishlari va choóqqilar kuzatiladi, ayniqsa past 

harorat diapazonida (~100 K atrofida). Bu kremniydagi tabiiy defektlarning koópligi bilan bogóliq 

boólishi mumkin. Elektr-fizik xususiyatlar defektlarning taôsiri tufayli sezilarli darajada oózgaradi. 

ȹC/C qiymatlari harorat oshishi bilan katta tebranishlar koórsatadi. Bu materialning haroratga 

nisbatan barqaror emasligini koórsatadi. Grafikdagi keskin oózgarishlar material ichidagi defektlar 

va tuzilma buzilishlarining kuchli taôsirini ifodalaydi. Bu S1 materialining barqaror emasligini 

bildiradi. 

 S2 (nikelli) uchun asosiy farqlar va oózgarishlar: S2 grafigida ȹC/C qiymatlarining 

tebranishlari kichikroq va yumshoqroq. Bu nikel kiritilishi orqali defektlarning qisman 

passivlanishini koórsatadi. ȹC/C qiymatlari harorat ortishi bilan nisbatan izchilroq oózgaradi. Bu 

materialning elektr-fizik parametrlarining haroratga nisbatan yaxshiroq moslashganini koórsatadi. 

S2 grafigida ȹC/C ning tebranishlari kichikroq va yumshoqroq ko'rinishda. Bu nikelning 

kremniyda defektlarni passivlashtirishi va elektr-fizik parametrlarning barqarorligini oshirganini 

ko'rsatadi. 

 

 



 

I ʐɶʒɹɸ. ʗʈʀʄɶʊʂɸɿɻʀʏʃɸʈ ʌʀɿʀʂɸʉʀ ɺɸ ʗʈʀʄɶʊʂɸɿɻʀʏʃɸʈ 

ʄɸʊɽʈʀɸʃʐʋʅʆʉʃʀɻʀ ʄʋɸʄʄʆʃɸʈʀ 
 

27 

 

Xulosa: 

1. Nikel donalar chegaralarida toóplanib, u yerdagi zararli defektlarni passivlashtirgan 
boólishi mumkin. Bu esa umumiy ravishda materialning dielektrik va elektr barqarorligini 

oshirgan. 

2. ȹC/C qiymatining 0 ga yaqin boólishi materialning elektrfizik parametrlarini 

yaxshilanganligini anglatadi. Bu, ayniqsa, chuqur darajalarning kamayishi va rekombinatsion 

markazlarning yoóq qilinganligini tasdiqlaydi 

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 boólishini 

cheklaganini koórsatadi 
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Soóngi yillarda 2D oólchamdagi uglerod atomlaridan tuzilgan grafin, nanoelektronika 

sohasida katta qiziqish uygóotib kelmoqda Nano o'lchamli qurilmalarni loyihalashda muhim 

miqdor kvant sigóimidir [2]. Grafin nanoqatlamlarida elektrostatik potensial Uch va elektronning 

zaryadi q va  kvant sigôim taôrifidan 
ch

q
dU

dq
C =  foydalanib,  2D oólchamli grafin uchun 

)]cosh1(2ln[
)(

2
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2

kT

qUkTq
C ch

F

q +=
JpZ

 (1) 

ifoda kelib chiqadi (1-rasm) [1]. 
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 2D oólchamli grafin kvant sigóimi (1) ifoda yordamida aniqlanadi. Ushbu ifodadan 

foydalanib, OóYuCh maydon, yaôni TTT he >,  boólganda 2D oólchamli grafin kvant sigôimi 

formulasini keltirib chiqarish mumkin. 

)]cosh1(2ln[
)(

)(2
2

,

2

kT

qUTTkq
C ch

F

he

q +
-

=
JpZ

 (2) 

Bu yerda, q ï elektronning zaryadi, k ï Bolsman doimiysi, T ï panjara harorati, Te,h ï 

electron va kovaklar harorati boólib, ular OóYuCh maydon taôsirida panjara haroratidan yuqori 

boóladi. 
p2

h
=Z ga teng boólib, sJh ÖÖ= -341063,6 , 

s

m
F

6

10=J -grafenda zaryad tashuvchilarning 

Fermi tezligi [1], Uch ï elektrostatik potensial. 

2D oólchamli grafen Dirak nuqtasi - grafenning elektron tuzilmasidagi fundamental 

xususiyat boólib, u elektronlarning energiya va impuls bogólanishini aniqlovchi Dirak 

konuslarining (Grafen atomlari karbonning geksagonal kristall panjarasini hosil qiladi. 

Elektronlarning energiya va impulsga bogóliq grafigi (energiyali zonalar diagrammasi) yuqori va 

pastki energetik konus shaklida boóladi. Bu konuslar K va K' nuqtalarda bir-biriga tegadi. Bu nuqta 

Dirak nuqtasi deb ataladi.) uchrashgan nuqtasidir. Bu nuqtada elektronlarning energiyasi  boóladi, 

yaôni Fermi energiyasi Dirak nuqtasiga mos keladi. Elektronlar Dirak nuqtasida massasiz boólib, 

ular yorugólik tezligiga oóxshash tezlikda harakat qiladi. Dirak nuqtasida grafen yarim metall kabi 

harakat qiladi. U yaxshi oótkazgich boólib, uning oótkazuvchanligi tashqi sharoitlarga kuchli 

bogóliq boóladi. OóYuCh maydon  2D oólchamli grafin Dirak nuqtalarini oózgartiradi. O'YuCh 

maydon grafinda elektronlarning energiya spektriga dinamik ta'sir ko'rsatadi. Yuqori chastotali 

elektromagnit maydon grafinda Floquet-Bloch modellarini hosil qiladi.  Maydonning intensivligi 

va chastotasi yuqori bo'lsa, Dirak nuqtalarining energiya spektrida yangi energiya zonalari yoki 

bo'shliqlar hosil bo'lishi mumkin.  Ba'zi hollarda Dirak nuqtalari joylashuvi o'zgarishi yoki turg'un 

holatdagi yangi Dirak nuqtalari paydo bo'lishi kuzatiladi.   Grafinda elektronlar uzun masofalarda 

toóqnashuvlarsiz harakatlanadi, bu esa an'anaviy yarimoótkazgichlardan farqli, juda samarali p-n 

oótish hosil qiladi. An'anaviy yarimoótkazgichlardan farqli ravishda, grafin p-n oótishlari katta 

shaffoflik koórsatadi, yaôni elektronlar yuqori ehtimollik bilan p-n oótishdan o'tadi. Bu 2D 

oôlchamli grafen kvant sigôimini ortishiga olib keladi. 

(2) ifoda yordamida 2D oólchamli grafin kvant sigóimining kuchlanishga bogóliqlik grafigini 

olish mumkin.  

 

2-rasm. 2D oólchamli grafin kvant sigóimining elektrostatik potensialga bogóliqligi  
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2 ï rasmdan koórinib turibdiki, OóYuCh maydon taôsirida 2D oólchamli grafen kvant sigóimi 

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 sigóimi OóYuCh maydoni ta'sirida nolinear oózgaradi.  Sigóimning minimal 

qiymati Dirak nuqtasida kuzatiladi.  Zaryad tashuvchilarni kuchliroq konsentratsiyalash orqali 

sigóimni sezilarli darajada oshirish mumkin. 

OóYuCh maydon taôsirida 2D oólchamli grafen kvant sigóimi ortib boradi. Grafen yuqori 

darajada zaryad tashuvchilarni yigóish imkoniyatiga ega boólgani uchun, uning kvant sigóimining 

ortishi gazlar, biomolekulalar yoki boshqa kimyoviy moddalarni aniqlashda sensorlar sezgirligini 

ortiradi. Kvant sigóimining ortishi grafenning energiyani samarali saqlash qobiliyatini ortiradi, 

chunki koóproq zaryad tashuvchilarni toóplash va qayta boóshatish imkoniyati paydo boóladi. Tez 

zaryadlanadigan va yuqori quvvat sigóimli energiya saqlash qurilmalari ishlab chiqish imkonini 

beradi. Grafen kvant sigóimining ortishi elektronlarning transport xususiyatlarini yaxshilaydi. Bu 

uni yuqori samarali tranzistorlar uchun ideal materialga aylantiradi. Grafen asosidagi tranzistorlar 

odatdagi kremniy tranzistorlariga qaraganda yuqoriroq tezlik va quvvat samaradorligini 

ta'minlaydi. 

Grafen kvant sigóimining ortishi fotonlarni (yorugólik zarrachalari) samarali boshqarish va 

ulardan foydalanish imkonini beradi. Yuqori samarali quyosh panellari, shaffof displeylar va 

lazerlar yaratishda ishlatiladi. 
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Yarimoᾶtkazgich materiallar orqali turli xil elektronika qurilmalari uchun materiallarni 

ishlab chiqish va takomillashtirish zamonaviy fan va texnikaning asosiy yoᾶnalishlari boᾶlib 

qolmoqda. Yarimoᾶtkazgichli qurilmalar uchun asosiy material boᾶlgan kremniy oᾶziga xos 

xususiyatlarga ega [1-3]. Biroq, uni yanada takomillashtirish uchun turli xil element atomlarini 

qoᾶshish kerak. Kremniy kristall panjarasiga boshqa elementlarning atomlarini kiritish uning 

xususiyatlarini sezilarli darajada oᾶzgartirish va yuqori samarali elektron qurilmalarni yaratish 

uchun yangi imkoniyatlar ochish imkonini beradi. 

https://doi.org/10.1063/1.2776887
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Kremniy strukturasiga va elektrofizik xususiyatlariga taᾷsirni oᾶrganish uchun qiyin eruvchi 

materiallardan biri volfram atomlaridan foydalanildi. Yarimoᾶtkazgichlar sohasida qiyin eruvchi 

materiallar bilan kremniy monokristalini legirlash orqali kristal panjaraning oᾶzgarishlari, sirt 

hodisalari, yuqori temperaturaga chidamli hamda radiatsiyaga chidamli elektron qurilmalar 

tayyorlash bugungi kunning dolzarb masalalaridan biri boᾶlib qolmoqda. 

Volfram bilan legirlangan kremniy tarkibidagi oᾶzgarishlarni bir qancha zamonaviy 

qurilmalar va metodlardan foydalanish orqali oᾶrganildi. Qilingan tajriba va oᾶlchashlar orqali 

kremniy namunasi tarkibida turli molekulyar bogᾶlanishlar hosil boᾶlishi Raman spektroskopiyasi 

yordamida oᾶrganildi. Bundan tashqari, kristall tuzilishidagi nuqsonlar tahlil qilindi. 

Tajribani bajarish KDB-0,3 omĿcm (p-Si) qarshilikka ega boólgan monokristalli kremniy 

namunalari tanlangan. Namunalarning dastlabki qalinligi do=2000 mkr boólib, sirtdan 

ifloslantiruvchi moddalar va oksid qatlamlarini olib tashlash uchun  M=20, M=14, M=8 karbid 

kremniy kukun yordamida namuna ikki tomonini 20 mkr dan olib tashlandi. Soóngra 7 bosqichda 

toóliq kimyoviy tozalashdan oótkazildi. Bunga kislota-peroksidni yuvish, soóngra ftorid kislota 

(HF) eritmasida ishlov berish orqali erishildi, bu oksidlarni butunlay olib tashladi va keyingi 

yotqiziladigan qatlam uchun toza kremniy sirtini ta'minladi. 

Tozalashdan soóng, kremniy yuzasiga yuqori toza (99,999%) volfram ( W ) qatlami 

bugólantirildi. Volfram qatlamni hosil qilish uchun VUP-4 (Vakuum unversal post) qurulmasi 

orqali, yuqori vakuum sharoitida (10  Torr ) volfram atomlarini bugólantirish  amalga oshirildi, 

bunda kremniy yuzasida volfram atomlarining bir xil taqsimlanishini 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 ÁC) haroratda diffuziya 

qilindi. Keyinchalik katta nuqsonlarning paydo boólishiga yoól qoóymaslik va kremniy kristall 

panjarasida volframning bir xil taqsimlanishini taminlash uchun namunalar tez sovutildi. Tez 

sovutish, shuningdek, nanokristallitlarning shakllanishiga va boshqa tarkibiy oózgarishlarga taôsir 

koórsatishi mumkin boólgan namunalarda ichki nuqsonlarni ortib ketmasligiga yordam beradi. 

Termal diffuziyadan soóng, volfram kirib borgan  chuqur qatlamlarni tekshirish uchun 

namunalarning 2 mkm qalinlikdagi sirt qatlami olib tashlandi. Bu mexanik ishlov berish va 

kimyoviy tozalash yordamida amalga oshirildi, bu strukturaviy oózgarishlarni turli xil 

chuqurliklarda oórganish imkonini berdi. 

Dastlab FTIR (Fourier transform infraqizil) yordamida toza p-Si ning NOopt konsentratsiyasi 

aniqlandi, unga koóra kislorod konsentratsiyasi 2,486Ŀ1017 cm-3. Keyingi bosqichda p-Si <W> 

naômunani NOopt kontsentratsiyasini aniqladik, unga koóra kislorod kontsentratsiyasi 7,351Ŀ10
17 

cm-3 ortgani maôlum boóldi. Bunday ortib borishiga asosiy sabab sifatida volfram atomlari 

diffuziya vaqtida kislorod bilan molekulyar birikmalar hosil qilgan, hamda bu jarayon ochiq 

havoda diffuziya qilish taôsiri natijasida hosil boólgan deb aytish mumkin. Bu hodisaga Raman 

tahlilida yana koórib oótamiz. 

Volfram bilan legirlangan kremniyni 4 zont orqali solishtirma qarshiligini oórganishda ham 

natijalar tahlil qilindi. Bunda biz dastlabki namuna bilan, termal diffuziya orqali volfram bilan 

legirlangan namunani tahlil qildik. Ushbu namunalarni aniq qalinlik boóyicha oózgarishi ham tahlil 

qilindi. Dastalabki namuna p-Si kremniyning solishtirma qarshiligi ” πȢσ έάϽὧά boólgan 

boólsa, termal diffuziya orqali p-Si<W> legirlangandan soóng namuna sirtidan 2 mkr olinganda, 

solishtirma qarshiligi ” πȢυ πȢυσ έάϽὧά ga ortganni koórish mumkin. Tajriba davomida 

termal diffuziya orqali p-Si<W> legirlangan  namuna sirtidan 10 mkr olib oólchaganimizdan soóng, 

solishtirma qarshilikning oózgarishi ” πȢτσ πȢτυ έάϽὧά tashkil qildi.  
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Volfram atomlarini kremniy atomlari bilan molekulyar bogólanishini tekshirish maqsadida 

Raman spektrometeridan foydalanildi. Natijalar Ocean Insight toólqin uzunligi 785 nm boólgan 

Raman spektrometr qurulmasida olindi [4-5]. Raman natijasiga koóra dastlabki p-Si namunasida 

quyidagi Raman siljishlari aniqlandi. 

 
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 bogólarni 

nomoyon qiladi va namunamizda birinchi tartibli sochilishning intensivligi koóndalang (TO) 

(Atomlarning harakati toᾶlqin tarqalish yoᾶnalishiga perpendikulyar) va uzunlamasi (LO) 

(Atomlarning harakati toᾶlqin tarqalish yoᾶnalishiga parallel) optik fononlarga bogóliq 

malumotlarni olish imkoniyatini yaratadi. Bizga maôlumki TO Raman spektrda past chastotali pik 

sifatida kuzatiladi, LO Raman spektrda yuqori chastotali pik sifatida kuzatiladi, hamda TO va LO 

namunaning optik sohalarini oórganishga yordam beradi. Bundan tashqari namunada akustik 

sohalar ham mavjud boólib, ular TA va LA bilan belgilanadi. Boᾶylama akustik tebranish (LA) 

(Atomlarning harakati toᾶlqin tarqalish yoᾶnalishiga parallel) hamda koᾶndalang akustik 

tebranish (TA) (Atomlarning harakati toᾶlqin tarqalish yoᾶnalishiga perpendikulyar) boólgan 

sohalar ham oóganiladi[6].  

Oólchashdan koórinadiki 180 cm-1 TA akustik sohaga mos keladi, 307 cm-1 2TA akustik 

sohani koórsatadi, boshqa adabiyotlarda kuzatishlar bu soha amorf sohalarga tegishli boólishini 

takidlashadi, 523 cm-1 optik sohada TO+LO sohalarni mavjudligini koórsatadi, 952 cm-1 2TO optik 

sohani namoyon qiladi, 2639 cm-1 bu hech qaysi optik yoki akustik sohaga toógóri kelmaydi, fonon 

soha emas, bu nuqta asosan uglerod birikmalari (masalan C-H bogó)ni koórsatadi. Bundan tashqari 

800-850 cm-1 oraliqda simmetrik choózilish hosil boólgan, bu asosan Si-O bogólarni koórsatadi 

yaôni TO+TA sohalar hosil boólishiga olib keladi. Bu simmetrik choózilish sohasida amorf 

xususiyatlar namoyon boóladi va 708 cm-1 va 780 cm-1 Si-B6 piklar hosil boólganini koórish 

mumkin, bu nuqtalarda ham TO+TA sohalar hosil boóladi. Yuqorida aytib oótilgan 307 cm-1 2TA 

akustik soha ham amorf xususiyatiga tegishli boólib Si-B ning molekulyar bogólanishini 

koórsatadi[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 koórsatib berdi. Bunda piklarning intensivliklari oózgarishini, piklarning 

markazlarining siljishlarini, piklarning kengayishi va torayishini koórish mumkin. 

Tajriba jarayoni p-Si namunaga (W) volframni legirlashni ochiq havoda, 1300 ↔C haroratda, 

5 soat mobaynida diffuziya jarayoni amalga oshirilgan. Tajribada yuqorida aytilganidek sovutish 

jarayoniga alohida eôtibor qaratilgan. 2-rasmda, 2-qizil chiziq grafigida koórinib turubdiki, Si-Si 

bogólari yaôni 523 cm-1 Raman siljishining intensivligi  sezilarli ortib ketgan va boshqa piklarning 

markazlari sezilarli darajada siljigan yoki kengaygan.  Bu oózgarishlarni yanada chuqurroq 

oórganish maqsadida, p-Si<W> namuna sirtidan 10 mkr qalinlikda mexanik va kimyoviy usulda 

olib tashlandi. Natijalarni 2-rasmda, 3-binafsha chiziq grafigida hosil boóldi. Bunda ham qator 

oózgarishlar mavjud boólib, asosiy sohalarda intensivlikni kamayishi, pik markazlarining siljishi, 

hattoki amorf sohaning koótarilishini koórish mumkin. Bunday natijalarni tahlil qilish uchun har 

bir sohalarni alohida qisimlarga ajratib chiqish aniq natijalarni koórsatadi, hamda natijalarni 

solishtirish maqsadga muvofiq boóladi. 

Yarimoᾶtkazgichli 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 qatlami yuqori 

vakuum sharoitida (10  Torr) choᾶktirildi va 1573 K haroratda 5 soat davomida diffuziya qilindi. 

Tez sovutish jarayoni orqali kristall panjaradagi nuqsonlarning ortib ketishi oldini olindi. Raman 

spektroskopiyasi, FTIR va solishtirma qarshilik oᾶlchovlari kabi usullardan foydalanildi. Volfram 

diffuziyasi natijasida kislorod konsentratsiyasi sezilarli darajada oshdi (2,486Ŀ10ĭ  dan 7,351Ŀ10ĭ  

cm į gacha). Solishtirma qarshilik 0,3 omĿcm dan 0,5ï0,53 omĿcm gacha ortib, volframning 

elektrofizik xususiyatlarga taᾷsiri koᾶrsatildi. Raman tahlili orqali Si-Si, Si-O, Si-B bogᾶlanishlari 

va amorf sohalardagi oᾶzgarishlar aniqlandi. Piklar intensivligi va siljishlari volframning kristall 

panjaraga taᾷsirini koᾶrsatdi. Volfram bilan legirlangan kremniy yuqori sifatli elektron qurilmalar 

ishlab chiqarish uchun istiqbolli material hisoblanadi. Keyingi tadqiqotlarda diffuziya parametrlari 
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va sovutish sharoitlarini optimallashtirish orqali materialning xususiyatlarini yanada yaxshilash 

mumkin. 

 

ADABIYOTLAR.  

1. ʃ.ʊ. ʂʵʥʭʵʤ, çʀʟʛʦʪʦʚʣʝʥʠʝ ʤʘʩʩʠʚʦʚ ʢʨʝʤʥʠʝʚʳʭ ʢʚʘʥʪʦʚʳʭ ʧʨʦʚʦʜʦʚ ʧʫʪʝʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʧʣʘʩʪʠʥè, Appl. Phys. Lett. 57, 1046-

1990. https://doi.org/10.1063/1.103561 

2. ʌ. ʍʝʡʩʢʝʥ, ʍ. ʍʦʬʤʘʡʩʪʝʨ, ɹ. ʂʦʥ, ʄ.ɸ. ʃʘʛʫʥʘ ʠ ɺ. ʇʘʡʷʨ, çʃʘʟʝʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʠ ʦʩʘʞʜʝʥʠʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʢʨʝʤʥʠʝʚʳʭ ʥʘʥʦʯʘʩʪʠʮè, Appl. Surf. Sci. 154ï155, 305 

(2000). https://doi.org/10.1016/s0169-4332(99)00476-6 

3. ɺ. ɺʠʥʯʠʛʫʵʨʨʘ, ɾ. ʌʨʘʥʮʦ, ʌ. ʇʨʠʦʣʦ, ʌ. ʀʘʢʦʥʘ ʠ ʂ. ʉʧʠʥʝʣʣʘ, çʂʚʘʥʪʦʚʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʠ ʜʠʥʘʤʠʢʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʢʨʝʤʥʠʝʚʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʘʭ, ʚʩʪʨʦʝʥʥʳʭ ʚ 

ʩʚʝʨʭʨʝʰʝʪʢʠ Si/SiO2è, J. Appl. Phys. 87, 8165 (2000). https://doi.org/10.1063/1.373513 

4. Robust Optical Design for Great Spectral Performance info@oceaninsight.com Å 

www.oceaninsight.com 

5. Multimode Spectrum Stabilized Laser Module Series ī Lab Versions Installation and 

Operation Manual Document Number LASER-785-LAB-02-0409  Info@OceanOptics.com 

6. Raman Spectroscopy for Nanomaterials Characterization. Challa S. S. R. Kumar Editor 2012 

DOI 10.1007/978-3-642-20620-7 

7. Peter J. Codella, Fran Adar, and Yung S. Liu. Raman microprobe analysis of tungsten silicide. 

Applied Physics Letters, 46(11):1076ï1078, 1985. ISSN 00036951. doi: 10.1063/1.95766. 

 

 

 

 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʈʀʄɽʉʅʓʍ ʉʂʆʇʃɽʅʀʁ ɺ ʆɹʈɸɿʎɸʍ n-Si<Ni> 

ʅ.ɸ.ʊʫʨʛʫʥʦʚ1, ʐ.ɸ.ʉʦʙʠʨʦʚʘ1, ʅ.ɹ.ʍʘʡʪʠʤʤʝʪʦʚ1  

1ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʧʨʠ 

ʅʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʋʟʙʝʢʠʩʪʘʥʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʢʦʧʣʝʥʠʡ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʚ ʦʙʲʝʤʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʬʬʫʟʠʦʥʥʦʤ ʣʝʛʠʨʦʚʘʥʠʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ, 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʢʦʧʣʝʥʠʡ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʀʟʫʯʝʥʠʶ ʧʦʚʝʜʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ 3d-

ʧʝʨʝʭʦʜʥʦʡ ʛʨʫʧʧ rʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʢʨʝʤʥʠʷ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʤ ʣʝʛʠʨʦʚʘʥʠʠ  

ʧʦʩʚʷʱʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1-3]. 

ʆʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚʦ ʚʨʝʤʷ ʣʝʛʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʡ 

ʧʨʠʤʝʩʠ ʫʩʣʦʞʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʨʦʣʠ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʜʝʬʝʢʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʠʤʝʩʥʳʭ ʜʝʬʝʢʪʦʚ [4,5]. ʇʦʵʪʦʤʫ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʠʤʝʩʥʳʭ ʩʢʦʧʣʝʥʠʡ ʥʠʢʝʣʷ ʚ ʢʨʝʤʥʠʠ ʥʝʦʙʭʦʜʠʤʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʜʠʬʬʫʟʠʠ.  

https://doi.org/10.1063/1.103561
https://doi.org/10.1016/s0169-4332(99)00476-6
https://doi.org/10.1063/1.373513
http://www.oceaninsight.com/


 

I ʐɶʒɹɸ. ʗʈʀʄɶʊʂɸɿɻʀʏʃɸʈ ʌʀɿʀʂɸʉʀ ɺɸ ʗʈʀʄɶʊʂɸɿɻʀʏʃɸʈ 

ʄɸʊɽʈʀɸʃʐʋʅʆʉʃʀɻʀ ʄʋɸʄʄʆʃɸʈʀ 
 

34 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʨʠʤʝʩʥʳʭ ʩʢʦʧʣʝʥʠʡ ʘʪʦʤʦʚ ʥʠʢʝʣʷ ʚ ʢʨʝʤʥʠʠ, 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ Suʨʝʛʨʛʦbʝ 

JXɸ-8800R. ɼʠʬʬʫʟʠʷ ʧʨʠʤʝʩʝʡ ʥʠʢʝʣʷ ʚ ʢʨʝʤʥʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʠʧʘ ʉʋʆʃ-4ʄ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=1275 Üʉ, ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʇʦʩʣʝ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʪʞʠʛʘ ʦʙʨʘʟʮʳ ʦʭʣʘʞʜʘʣʠʩʴ ʙʳʩʪʨʳʤ (ɡʦʭʣ=250 Üʉ/c) ʠ ʤʝʜʣʝʥʥʳʤ 

(ɡʦʭʣ=0,05 Üʉ/c) ʩʧʦʩʦʙʦʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʦʙʨʘʟʮʘʤʠ n-Si<Ni>, ʩ ʙʳʩʪʨʳʤ ʦʭʣʘʞʜʝʥʠʝʤ 

ɡʦʭʣ=250 Üʉ /c, ʧʦʩʣʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʪʞʠʛʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʦʚ ʬʦʨʤʠʨʫʶʪʩʷ 

ʧʨʠʤʝʩʥʳʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪ ʜʦ ~2Ö10-6 ʤ. ʕʣʝʢʪʨʦʥʥʦ-

ʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩʢʦʧʣʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʠʣʠʮʠʜʦʚ ʥʠʢʝʣʷ ʩ ʠʛʣʦʦʙʨʘʟʥʦʡ, ʜʠʩʢʦʦʙʨʘʟʥʦʡ, 

ʣʠʥʟʦʦʙʨʘʟʥʦʡ ʠʣʠ ʩʣʦʞʥʦʡ ʤʥʦʛʦʛʨʘʥʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ. ʇʦ ʦʙʲʝʤʫ ʦʙʨʘʟʮʦʚ 

ʠʭ ʧʣʦʪʥʦʩʪʴ, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ~2Ö103 ʤʤ-3. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʠʟʳ ʦʙʨʘʟʮʦʚ n-Si<Ni>, ʦʭʣʘʞʜʝʥʥʳʭ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡʦʭʣ =0,05 

Üʉ/ʩ ʧʦʩʣʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʪʞʠʛʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʠʭ ʦʙʲʝʤʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠʤʝʩʥʳʝ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʨʘʟʤʝʨʦʤ ʜʦ ~7Ö10-6 ʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʣʠʥʟʦʦʙʨʘʟʥʫʶ ʠ ʩʬʝʨʠʯʝʩʢʫʶ 

ʬʦʨʤʫ ʠʣʠ ʤʥʦʛʦʛʨʘʥʥʫʶ ʬʦʨʤʫ ʙʣʠʟʢʫʶ ʢ ʩʬʝʨʠʯʝʩʢʦʡ. ʇʦʜʦʙʥʳʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ 

ʠʤʝʶʪ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʠʭ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ~5Ö102 ʤʤ-3. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ n-Si<Ni> ʧʦʩʣʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʪʞʠʛʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʘ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠʤʝʩʥʳʭ 

ʩʢʦʧʣʝʥʠʡ. ʂʘʢ ʚʳʷʩʥʷʣʦʩʴ, ʯʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʪʞʠʛʘ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ 

ʩʢʦʧʣʝʥʠʡ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʩʠʣʠʮʠʜʘ ʥʠʢʝʣʷ. 

ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʘʞʜʦʡ ʦʙʦʣʦʯʢʠ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʧʨʠʤʝʩʥʳʝ ʩʢʦʧʣʝʥʠʷ, ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʦʚ ʦʩʥʦʚʥʦʡ ʧʨʠʤʝʩʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʦ, ʭʨʦʤ, ʤʝʜʴ ʠ ʜʨʫʛʠʝ ʚ ʢʘʞʜʦʡ ʩʠʣʠʮʠʜʥʦʡ 

ʦʙʦʣʦʯʢʝ. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʦʪ ʜʠʘʤʝʪʨʘ ʪʨʝʭʩʣʦʡʥʦʛʦ 

ʧʨʠʤʝʩʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ d=2Ö10-6 ʤ ʚ ʦʙʨʘʟʮʘʭ n-Si<Ni>, 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1. ʂʘʢ ʚʠʜʥʦ, ʧʨʦʮʝʥʪʥʘʷ ʜʦʣʷ ʘʪʦʤʦʚ ʥʠʢʝʣʷ ʧʦ ʦʙʲʝʤʫ ʧʨʠʤʝʩʥʦʛʦ 

ʩʢʦʧʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʮʝʥʪʨʫ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ. ɺ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʩʢʦʧʣʝʥʠʷ ʧʨʦʮʝʥʪʥʘʷ ʜʦʣʷ ʘʪʦʤʦʚ ʥʠʢʝʣʷ ʩʦʩʪʘʚʣʷʝʪ ~40%, ʘ ʥʘ 

ʩʣʝʜʫʝʱʝʤ ʩʣʦʝ ʩʢʦʧʣʝʥʠʷ ʵʪʦ ʟʥʘʯʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ~32%. ɺ ʮʝʥʪʨʘʣʴʥʦʤ 

ʩʣʦʝ ʧʨʠʤʝʩʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ~25%. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʦʙʲʝʤʝ 

ʜʘʥʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʚʳʷʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʘʪʦʤʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʪʘʢʠʭ ʢʘʢ 

ʞʝʣʝʟʘ ʠ ʤʝʜʴ, ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʠ ʤʝʜʠ ʧʦ 

ʜʠʘʤʝʪʨʫ ʵʪʦʛʦ ʩʢʦʧʣʝʥʠʷ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʘʥʥʦʛʦ ʧʨʠʤʝʩʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʧʨʦʮʝʥʪʥʘʷ 

ʜʦʣʷ ʘʪʦʤʦʚ Fe ʩʦʩʪʘʚʣʷʝʪ ~0,3 %, ʘ ʜʣʷ ʘʪʦʤʦʚ Cu ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ~0,2 %. ɺ ʧʦʩʣʝʜʫʝʝɦʤ 

ʩʣʦʝ ʩʢʦʧʣʝʥʠʷ ʜʣʷ ʘʪʦʤʦʚ Fe ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʷʝʪʩʷ ~0,25 %, ʘ ʜʣʷ ʘʪʦʤʦʚ Cu ʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ~0,15 %. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʠʤʝʩʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʧʨʦʮʝʥʪʥʘʷ ʜʦʣʷ ʘʪʦʤʦʚ 

Fe ʠ Cu ʩʦʩʪʘʚʣʷʶʪ ~0,15 % ʠ ~0,08 % ʩʦʦʪʚʝʪʩʚʝʥʥʦ. 
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ Ni,  ʘ ʪʘʢʞʝ ʘʪʦʤʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ Fe ʠ ʉu ʧʦ ʜʠʘʤʝʪʨʫ ʩʢʦʧʣʝʥʠʷ, ʨʘʟʤʝʨʦʤ d=2Ö10-6 ʤ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʦʡ ʚ ʦʙʨʘʟʮʘʭ n-Si<Ni>. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʠʤʝʩʥʳʭ ʩʢʦʧʣʝʥʠʡ ʥʠʢʝʣʷ ʚ ʦʙʨʘʟʮʘʭ n-Si<Ni>, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʧʦ ʦʙʲʝʤʫ ʩʢʦʧʣʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ. ɺ 

ʦʙʲʝʤʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʨʠʤʝʩʥʳʭ ʩʢʦʧʣʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʣʷ ʘʪʦʤʦʚ ʧʨʠʤʝʩʝʡ ʢʘʢ 

ʦʩʥʦʚʥʳʭ, ʪʘʢ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʥʘʭʦʜʠʪʩʷ ʚ ʠʭ ʮʝʥʪʨʘʣʴʥʦʤ ʩʣʦʝ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʧʦʩʣʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʪʞʠʛʘ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠʤʝʩʥʳʭ 

ʩʢʦʧʣʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ ʥʘ ʛʨʘʥʠʮʝ ʦʢʩʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʸʚ Si-SiO  ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʤʝʪʘʣʣ-

ʜʠʵʣʝʢʪʨʠʢ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʩʪʨʫʢʪʫʨʘ In-CdO-SiO -p-Si-

Ag, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʥʘ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʢʘʭ ʂɼɹ-30 ʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ <100>. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʚʘʞʥʦ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʝʪʨʦʥʳʡ ʨʘʩʧʳʣʝʥʠʝ, ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ, ʧʝʨʝʭʦʜʥʦʡ ʩʣʦʡ. 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʦʢʩʠʜʥʳʭ ʩʣʦʸʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʳʡ 

ʩʣʦʡ, ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʜʠʵʣʝʢʪʨʠʢʦʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢ-ʜʠʵʣʝʢʪʨʠʢ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʩʪʨʫʢʪʫʨʘ p-Si/SiO-CdO, ʜʣʷ 

ʘʥʘʣʠʟʘ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ ʠ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʝʢ ʩʥʘʯʘʣʘ 

ʧʨʦʚʦʜʠʪʩʷ ʵʪʘʧ ʦʯʠʩʪʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʠʩʣʦʪʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʜ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʉʪʘʥʜʘʨʪʥʳʡ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200ÁC ʠ 

ʚʢʣʶʯʘʝʪ ʜʚʘ ʵʪʘʧʘ: 90 ʤʠʥʫʪ ʚʦ ʚʣʘʞʥʦʤ ʢʠʩʣʦʨʦʜʝ ʠ 30 ʤʠʥʫʪ ʚ ʩʫʭʦʤ ʢʠʩʣʦʨʦʜʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʦʢʩʠʜʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 0,02 ʤʢʤ. 

ɼʘʣʝʝ ʥʘ ʦʢʠʩʣʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘʥʦʩʠʪʩʷ ʩʣʦʡ 

ʘʣʶʤʠʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʥʪʘʢʪʥʳʝ ʧʣʦʱʘʜʢʠ 

ʨʘʟʤʝʨʦʤ 1,98 Ĭ 10 Į ʩʤĮ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ Si-SiO  ʩʪʨʫʢʪʫʨʫ. 

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʪʘʧʦʚ ʦʯʠʩʪʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʙʝʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ Si-SiO  ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 
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(ʨʠʩ.1). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʣʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʠ ʦʮʝʥʠʪʴ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʜʠʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʧʨʠʤʝʥʷʣʩʷ 

ʤʝʪʦʜ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʈʝʟʫʣʴʪʘʪ (ʈʠʩ. 2) ʚʳʷʚʠʣ ʭʘʨʘʢʪʝʨʥʳʝ ʧʠʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷʤ Si, SiO , Si2O ʠ CdO. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʣʠʥʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ, ʙʝʟ 

ʥʘʣʠʯʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

 
ʈʠʩʫʥʦʢ 2. ʈʘʤʘʥ-ʩʧʝʢʪʨ ʩʪʨʫʢʪʫʨʳ p-Si/SiO -CdO. ʅʘ ʛʨʘʬʠʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ Si, SiO , Si2O 

ʠ CdO. ʆʙʥʘʨʫʞʝʥʥʳʝ ʧʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ SiO , ʧʦʜʪʚʝʨʞʜʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʝʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʬʘʟʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʢʨʝʤʥʠʝʚʳʭ ʦʙʨʘʟʮʘʭ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʠʢʦʚ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʞʩʣʦʡʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʤʘʪʝʨʠʘʣʦʚ. 

ʍʘʨʘʢʪʝʨʥʳʡ ʧʠʢ ʦʢʦʣʦ 520 ʩʤ ĭ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʨʝʤʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʬʦʥʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʝʛʦ ʨʝʰʝʪʢʝ. ɺ ʜʠʘʧʘʟʦʥʝ 100ï300 ʩʤ ĭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʠʛʥʘʣʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʚʣʠʷʥʠʠ ʤʝʞʩʣʦʡʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʠʥʪʝʨʬʝʡʩʘʭ Si/SiO  ʠ SiO /CdO. ʕʪʠ ʵʬʬʝʢʪʳ 
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ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʬʦʥʦʥʥʳʭ ʯʘʩʪʦʪ ʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʣʦʢʘʣʴʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʣʦʝʚ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʠʢ ʚ ʦʙʣʘʩʪʠ 2400ï2600 ʩʤ ĭ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʢʨʝʤʥʠʝʚʦʡ ʨʝʰʝʪʢʝ ʥʘ ʠʥʪʝʨʬʝʡʩʝ Si-SiO . ɼʦʧʦʣʥʠʪʝʣʴʥʦ, 

ʥʘʣʠʯʠʝ ʧʠʢʦʚ ʚ ʨʘʡʦʥʝ 250 ʩʤ ĭ ʠ 800 ʩʤ ĭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʚʘʟʠʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ Si O, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʧʦʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ 

ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʣʦʝ. ʇʦʜʦʙʥʳʝ ʵʬʬʝʢʪʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʠʩʪʝʤ ʩ ʚʳʨʘʞʝʥʥʳʤʠ 

ʤʝʞʩʣʦʡʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʠʟʤʝʥʷʶʱʠʤʠ ʬʦʥʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʠʘʧʘʟʦʥʝ 0ï100 ʩʤ ĭ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, 

ʦʪʨʘʞʘʶʱʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʷʭ. ɺ ʩʪʨʫʢʪʫʨʝ p-Si/SiO-CdO 

ʪʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʤʝʞʬʘʟʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ 

ʠʟʤʝʥʝʥʠʶ ʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʥʘ ʛʨʘʥʠʮʝ ʤʘʪʝʨʠʘʣʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʨʷʜ ʢʣʶʯʝʚʳʭ ʚʳʚʦʜʦʚ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʪʨʫʢʪʫʨʳ p-Si/SiO-CdO. ʆʙʥʘʨʫʞʝʥʥʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʠʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʧʨʠ ʵʪʦʤ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʦʙʣʘʩʪʝʡ. 

ʅʘʣʠʯʠʝ ʧʠʢʘ ʥʘ 523 ʩʤ ĭ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʨʝʤʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʛʥʘʣʳ ʚ ʜʠʘʧʘʟʦʥʝ 100ï240 ʩʤ ĭ ʠ 2400ï2600 ʩʤ ĭ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʚʣʠ̫ʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʚʦʟʤʦʞʥʳʝ ʜʝʬʝʢʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚ 

ʦʙʣʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ Si-SiO . ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ (0ï100 ʩʤ ĭ) 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʢʣʘʜ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʣʦʞʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʩʣʦʞʥʳʭ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʪʨʫʢʪʫʨʝ p-Si/SiO-CdO, ʚʣʠʷʶʱʠʭ ʥʘ ʝʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɼʘʥʥʳʝ ʚʳʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʦʢʩʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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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 1015 ʩʤī3 to 1017 ʩʤī3 [10]. The control 

samples were n-type silicon with different oxygen content: "oxygen-rich" silicon with a 

concentration of optically active oxygen atoms N0
opt=4ẗ1017ī1.2ẗ1018 ʩʤī3 and "oxygen-lean" 

silicon with N0
opt Ò 1016 ʩʤī3. 

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 Ecī0.36 eV 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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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. 

C(t)=
D

D

CtXK

KC

)(0

0

+ee

ee
 (1) 

Here, K is the control electrode area, CD is the capacitance of the dielectric layer, Ůs is the 

dielectric constant of the semiconductor, and Ů0 is the permittivity of free space. The value of CD 

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. 
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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.Voltage Source 

 

 
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 3. Cryostat Construction. 

 

Here:1 - Investigated Metal-Glass-Semiconductor (MGS) structure 2-3 - Quartz container 

4 - Liquid nitrogen 5 - Foam insulation 6 - Heater coil 7 - Phosphor bronze clamp contact 8 - 

Light-proof chamber 

 
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 -150ÁC are presented for one of the test samples: Al ï 

n ï Si - SiO  ï Al. The results were recorded after the applied voltage was switched from U  to U . 

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 Ĭ 10ĭį s ĭcm į, S = 4 Ĭ 10  s ĭcm į. 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 MOS 2 ELEKTR OóTKAZUVCHANLIGINING 
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Ikki oólchovli (2D) materiallar ï bu yangi turdagi materiallar boólib, nanoelektronika, 

datchiklar va fotonika sohalarida qiziqarli fizik xususiyatlarga ega boólishi va qoóllanilishi 

mumkinligi bilan ajralib turadi. Grafendan tashqari, boshqa qatlamli materiallarning 

monoqatlamlari, masalan, yarimoótkazuvchi dixalkogenidlar ï MoS  yoki WSe , maydoniy 

tranzistorlar uchun istiqbolli materiallari sifatida tobora muhim ahamiyat kasb etmoqda [1]. 

Haroratning yuqori qiymatlarida, tizimning elektr oótkazuvchanligini hisoblash mumkin. 

Elektr oótkazuvchanlik quyidagi ifoda bilan ifodalanadi: 

kT

E

eTGG
-

= )(0  
(1) 

  

Bu ifoda haroratning ortishi bilan zaryad tashuvchilar energiyasining ortishi va elektr 

oótkazuvchanlikning eksponensial ortishini tasvirlaydi. (1) formula elektr oótkazuvchanlikni har 

qanday parametrlar bilan bogólab,  tizimni tasvirlash uchun qoóllaniladi. 

 Bu yerda, G(T)-haroratga bogóliq boólgan elektr oótkazuvchanlik, G0 (T)-namuna egri 

chizigóidan olingan haroratga bogóliq parameter, E-faollashtiruvchi energiya boôlib, zaryad 

tashuvchilarni oótkazuvchanlik tarmogóiga kiritish uchun kerak boólgan energiya boólib, u issiqlik 

energiyasi yoki tashqi maydon taôsiri bilan taôminlanishi mumkin: 

E = EgīEF 

 

Bu yerda, Eg-MoS  ning taqiqlangan zona kengligi, EF-Fermi darajasi (elektronlarning 

energiya taqsimoti oórtacha qiymati), k -  Bolsman doimiysi, T-temperatura. 

Agar biz elektr maydon taôsirida aktivatsiya energiyasini tahlil qilsak, tashqi kuchlanish U 

ning taôsiri quyidagicha namoyon boóladi: 

Eeff = E-eU 

 

Bu shuni anglatadiki, agar tashqi elektr maydon kuchli boólsa, u holda aktivatsiya energiyasi 

pasayadi, lekin har doim ham E = eU emas. Agar elektr maydon yetarlicha katta boólsa, elektronlar 
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aktivatsiya energiyasiz ham harakatlana boshlaydi, bu esa tunnel effektini holatini keltirib 

chiqarishi mumkin. 

Agar materialdagi elektronlar issiqlik orqali oótkazuvchanlikka oótishdan koóra, faqat tashqi 

elektr maydon taôsirida harakatlansa, u holda quyidagi shart bajarilishi mumkin: 

eU Ó E 

 

Bu shart, asosan, maydoniy tranzistorlar yoki tunnel effektida kuzatilishi mumkin. Masalan, 

tashqi kuchlanish yuqori boólsa, elektronlar barrierdan sakrab oótadi, agar elektronlar Schottky 

barrier orqali chiqayotgan boólsa, bu energiya issiqlik va elektr maydon kombinatsiyasi orqali 

beriladi. 

Agar MoS  kanal tranzistor sifatida ishlatilayotgan boólsa,  kuchlanish U aktivatsiya 

energiyasini pasaytirishi mumkin, ammo ular bevosita teng boólishi faqat muayyan sharoitlarda 

kuzatiladi. 

Ushbu formula Bolsman taqsimoti bilan bogôliq boôladi. Har ikkala yondashuv ham energiya 

va temperatura oôrtasidagi bogôlanishni tushuntiradi. Bolsman taqsimoti, odatda tizimdagi zaryad 

tashuvchilarning (masalan, elektronlarning) energiyasi va temperaturasi oôrtasidagi bogôlanishni 

tavsiflaydi. Bu taqsimotga koôra, har bir energiya holatining ehtimoli quyidagi tarzda yoziladi. 

1

1
)(

+

=

kT

E

e

Ef  

 

Ushbu formula elektronning Fermi-Dirak taqsimoti  uchun toôgôri, lekin  klassik (Bolsman) 

taqsimoti uchun ehtimol, uning klassik  yechimi  

)exp()(
kT

E
f

-
=e  

 

Bu holatda, har bir energetik holatning ehtimoli eksponensial tarzda kamayadi, chunki 

energiya E ortgan sari ehtimoliy kamayib boradi. 

kT

E

eAK
-

Ö=  

 

Bu yerda, k-reaksiya tezligi konstantasi,  

MoS2 qattiq jism materi uchun bu tenglama odatda diffuziya jarayonlarini yoki fazaviy 

oôtishlarni tavsiflashda ishlatiladi 

kT

E

eTGG
-

= )(0  

 

Bu tenglama, o'zgaruvchan haroratda, energiya harorat (T) ga qarab tizimning oózgarishini 

koórsatadi. 

T Ò350 K haroratda biz G ning oózgarishi deyarli barcha kuchlanish (U) qiymatlari uchun 

zaiflashishini kuzatamiz. Buni past haroratlarda [3] dominant boólib, tizimni yuqori  rejimga olib 

oôtadi. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʠʩʪʝʤʝ ʨʷʜ ʩʪʨʫʢʪʫʨ ʤʝʪʘʣʣ - ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʩʣʦʡ [1-2], ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʘʪʦʤʥʘʷ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ: ʤʝʪʘʣʣ - ʧʦʣʫʧʨʦʚʦʜʥʠʢ. 

ʊʘʢ ʢʘʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʝʪʘʣʣʦʤ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʪʠʧʘ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ 

- ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʦʥʢʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ. 

ʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ ZAO(ZNO:3%Al) ʙʳʣ ʧʦʣʫʯʝʥ ʤʘʛʥʝʪʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠʦʥʥʦʛʦ 

ʇʨʦʟʨʘʯʥʳʡ ʨʘʩʧʳʣʝʥʠʷ (ʄʉʀʈ) [1]. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʠʦʥʠʟʘʮʠʶ ʠ ʚʦʟʙʫʞʜʝʥʠʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʠʦʥʠʟʘʮʠʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʦʥʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʤʠʰʝʥʠ ʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʳʣʝʥʠʷ. ɼʣʷ ʥʘʧʳʣʝʥʠʷ ʩʣʦʷ ZAO ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʝʨʘʤʠʯʝʩʢʠʡ 

ʠʩʪʦʯʥʠʢ ʠʟ ʩʧʣʘʚʘ (ZNO:3%Al. ʈʘʙʦʯʠʤ ʛʘʟʦʤ ʩʣʫʞʠʣ ʘʨʛʦʥ ʠ ʢʠʩʣʦʨʦʜ. 

ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʦʢ(ZNO:3%Al)- ZAO ʪʘʢʞʝ ʠʤʝʝʪ ʧʦʯʪʠ ʥʘʠʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʨʘʚʥʦʝ 2.10-4 ʆʤ. ʉʤ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʣʝʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʧʦʜʚʠʞʥʦʩʪʠ, ʠ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʦʢ ʚʦʟʨʘʩʪʘʝʪ. 

ʇʨʠ ʤʘʛʥʝʪʨʦʥʥʦʤ ʨʘʩʧʳʣʝʥʠʠ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʩʦʩʪʘʚʠʣʘ (1,33 - 2,6) 10-1 ʇʘ, 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ñʤʠʰʝʥʴ-ʧʦʜʣʦʞʢʘò ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʩʣʦʝʚ ʨʘʚʥʦ d = 60 ʤʤ. ʇʨʠ 

ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʙʳʣʘ ʨʘʚʥʘ 40 ɸ / ʩʝʢ., ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ - 4 ɺʪ / ʩʤ2. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʢʨʫʧʥʦʙʣʦʯʥʳʭ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʉdʊʝ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʤ ʤʝʪʦʜʦʤ  ʠʟ-ʟʘ ʨʝʠʩʧʘʨʝʥʠʷ 

ʣʝʛʢʦʣʝʪʫʯʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʉd ʦʙʨʘʟʫʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʘʪʦʤʳ ʪʝʣʣʫʨʘ Te, ʢʦʪʦʨʳʝ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʦʩʪʘʪʦʯʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʚ ʨʝʘʢʪʦʨʝ, ʦʙʨʘʟʫʶʪ ʪʦʥʢʠʝ ʚʳʩʦʢʦʦʤʥʳʝ ʩʣʦʠ 

ʊʝ02. ʉʣʦʠ ʊʝ02 ʧʘʩʩʠʚʠʨʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʤʝʞʟʝʨʥʦʚʳʭ ʛʨʘʥʠʮʘʭ [3], ʯʪʦ 



 

I ʐɶʒɹɸ. ʗʈʀʄɶʊʂɸɿɻʀʏʃɸʈ ʌʀɿʀʂɸʉʀ ɺɸ ʗʈʀʄɶʊʂɸɿɻʀʏʃɸʈ 

ʄɸʊɽʈʀɸʃʐʋʅʆʉʃʀɻʀ ʄʋɸʄʄʆʃɸʈʀ 
 

47 

 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʩʝʢʫʥʜ [4]. 

 ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʇɼʇ ʩʪʨʫʢʪʫʨʳ pCdTe/n ZAO ʧʨʦʚʦʜʠʣʩʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʥʘ ʫʩʪʘʥʦʚʢʝ ɼʈʆʅ ï 2 (Cu ï ʠʟʣʫʯʝʥʠʝ, Ni - ʬʠʣʴʪʨ). 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʣʫʙʠʥʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ 1- 2 ʤʢʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʟʦʥʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʜʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʦʢʠʩʣʘ, ʯʘʩʪʠʯʥʦ ʧʣʝʥʦʢ CdTe ʠ ʧʨʦʩʣʦʡʢʘ 

ʤʝʞʜʫ ʥʠʤʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ ʛʨʘʥʠʮʳ ʄʦ ï ʉdTe ʧʣʝʥʢʫ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ ʦʪʜʝʣʷʣʠ ʦʪ 

ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʦʜʣʦʞʢʠ ʠ ʠʟʫʯʘʣʠ ʦʪʜʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ 

ʧʦʜʣʦʞʢʝ ʠ ʧʦʜʣʦʞʢʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʧʣʝʥʢʝ.  ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʣʘ ~ 5 %. 

ʀʩʩʣʝʜʦʚʘʥʘ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʤʦʣʠʙʜʝʥʦʚʘʷ ʧʦʜʣʦʞʢʘ ʥʝ ʩʦʜʝʨʞʠʪ ʥʘ ʩʚʦʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʦʚ.  ʆʢʩʠʜ ʤʦʣʠʙʜʝʥʘ (ʄʦʆ2) ʧʦʷʚʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʪʘʢʪʘ ʥʘʛʨʝʪʦʡ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʦʜʣʦʞʢʠ ʦʩʪʘʪʦʯʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʚ ʩʠʩʪʝʤʝ. 

ɺʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʠʙʜʝʥʘ ʩ ʪʝʣʣʫʨʦʤ ʠ ʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʘ ʪʘʢʞʝ 

ʩʦʝʜʠʥʝʥʠʷʤʠ  ZAO ʩ  ʦʢʩʠʜʦʤ  ʪʝʣʣʫʨʘ -ʜʠʭʘʣʴʢʦʛʝʥʠʜʳ ʦʙʨʘʟʫʶʱʠʤʩʷ  ʚʩʣʝʜʩʪʚʠʝ  

ʢʦʥʪʘʢʪʘ  ʢʦʤʧʦʥʝʥʪʳ,  ʚ  ʧʦʪʦʢʝ  ʧʘʨʘ  ʜʠʩʩʦʥʠʨʫʶʱʝʛʦ  ʧʨʠ  ʠʩʧʘʨʝʥʠʠ  ʪʝʣʣʫʨʠʜʘ  ʢʘʜʤʠʷ  

ʩ  ʦʩʪʘʪʦʯʥʳʤ  ʢʠʩʣʦʨʦʜʦʤ. 

ʅʘ ʛʨʘʥʠʮʝ ʩʨʘʩʪʘʥʠʷ ʧʣʝʥʢʠ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ  ʩ  ʧʦʜʣʦʞʢʦʡ  ʠʤʝʝʪʩʷ  ʧʨʦʩʣʦʡʢʘ  

ʩʦʜʝʨʞʘʱʘʷ  ʢʦʤʧʦʥʝʥʪʳ  ʢʘʢ  ʠ  ʚ  ʨʘʙʦʪʝ  [2],  ʄʦO2,  ,MʦTe2,ʯʪʦ  ʨʦʩʪ  ʧʣʝʥʢʠ  ʥʘʯʠʥʘʝʪʩʷ  

ʩ  ʦʩʘʞʜʝʥʠʷ  ʙʦʣʝʝ  ʪʫʛʦʧʣʘʚʢʦʡ  ʢʦʤʧʦʥʝʥʪʳ [2]. ʇʣʝʥʢʠ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ ʩʦʩʪʦʠʪ ʠʟ  

ʫʯʘʩʪʢʦʚ  ʢʫʙʠʯʝʩʢʦʛʦ  ʪʠʧʘ  ʩʬʘʣʝʨʠʪʘ  ʤʦʜʠʬʠʢʘʮʠʡ  ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʫʧʥʦʙʣʦʯʥʳʭ 

ʧʣʝʥʦʢ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ pCdTe ʦʙʣʘʜʘʶʪ  ʩʪʦʣʙʯʘʪʫʶ  ʩʪʨʫʢʪʫʨʫ ʟʝʨʝʥ. ʊʳʣʴʥʳʤ 

ʢʦʥʪʘʢʪʦʤ ʩʣʫʞʠʣ ʤʦʣʠʙʜʝʥʦʚʘʷ ʄʦ ʧʦʜʣʦʞʢʘ ʦʩʦʙʦʡ ʯʠʩʪʦʪʳ. ʇʣʝʥʢʠ pCdTe ʠʤʝʣʠ 

ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ r º 105-107 WÖʩm ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʥʝʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʧʦʨʷʜʢʘ 

Ű=10-7-10-6 s. ʊʦʣʱʠʥʘ ʧʣʝʥʦʢ pCdTe ʩʦʩʪʘʚʣʷʣʘ ~ 30 Õm. ʈʘʟʤʝʨʳ ʟʝʨʝʥ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ pCdTe ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 100 ʜʦ 150 Õm, ʟʝʨʥʘ ʦʭʚʘʪʳʚʘʶʪ 

ʚʩʶ ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ.  

 ɺ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʝ ɺʋʇ ð 5 ʄ ʥʘʥʦʩʠʣʠʩʴ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ZAO ʤʝʪʦʜʦʤ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʠʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ 300 Áʉ 

. ʊʦʣʱʠʥʘ ZAO ʩʦʩʪʘʚʣʷʣʘ 120õ 150 ʥʤ ʄʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʦʩʘʞʜʘʣʠʩʴ ʐ ʦʙʨʘʟʥʳʡ ʚʝʨʭʥʠʡ ʦʤʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʠʟ ʯʠʩʪʦʛʦ ʠʥʜʠʷ In ʪʦʣʱʠʥʦʡ 50 ʥʤ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ pCdTe/nZAO ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʥʘ ʫʩʪʘʥʦʚʢʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ  ʤʦʜʝʣʠ Empyrean, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ Malvern Panalytical (ʅʠʜʝʨʣʘʥʜʳ) Cu- ʠʟʣʫʯʝʥʠʝ, Ni-ʬʠʣʴʪʨ) , 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 300nm. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ 

ʨʝʥʪʛʝʥʦʬʘʟʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʣʘ ~5%. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʩʣʦʸʚ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʣʦʸʚ  ZnAl2O4 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ  ʧʣʸʥʦʢ 

ʢʫʙʠʯʝʩʢʘʷ,ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘFd-3m ,ʥʦʤʝʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ  227 a 

(¡):7.9704, b (¡) 7.9704, c (¡) 7.9704. 
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48 

 

 
 

ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʚʠʜʥʦ, ʯʪʦ ʧʣʝʥʢʠ CdTe ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ (111), (220), (311), (400). ɸʥʘʣʦʛʠʯʥʳʝ ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ ʘʚʪʦʨʘʤʠ ʜʨʫʛʠʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʣʝʥʢʘ ʚʳʨʘʱʠʚʘʣʘʩʴ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ , ʣʘʟʝʨʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ , ʩʫʙʣʠʤʘʮʠʠ ʚ ʟʘʤʢʥʫʪʦʤ 

ʦʙʲʝʤʝ . ʈʝʬʣʝʢʩʳ ʩ ʠʥʜʝʢʩʘʤʠ (111) ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʩʪʘʙʠʣʴʥʳ ʠ ʠʥʪʝʥʩʠʚʥʳ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʦʨʠʝʥʪʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ ʧʣʝʥʦʢ CdTe ʢʘʢ ʩʬʘʣʝʨʠʪ. 

ʅʘʣʠʯʠʝ ʜʨʫʛʠʭ ʧʠʢʦʚ ʩ ʨʝʬʣʝʢʩʘʤʠ (220), (311) ʠ (400) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʣʝʥʢʘ 

CdTe ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʨʝʰʝʪʢʫ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ 12. 

ʈʝʟʫʣʴʪʘʪʳ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ ʩ ʥʘʙʦʨʦʤ ʵʪʘʣʦʥʥʳʭ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤ ASTM ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʨʘʱʝʥʥʳʝ ʧʣʝʥʢʠ CdTe ʠʤʝʶʪ ʢʫʙʠʯʝʩʢʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ. ʕʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʥʜʝʢʩʳ 

ʄʠʣʣʝʨʘ: 6,486 , 6,485  ʠ 6,487  ʧʦ ʬʦʨʤʫʣʝ N=h2+k2+l2 ʜʣʷ ʪʨʝʭ ʢʨʫʧʥʳʭ ʧʠʢʦʚ ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʶ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ Ŭ=6,482 

ʢʫʙʠʯʝʩʢʦʛʦ ʪʝʣʣʫʨʠʜʘ ʢʘʜʤʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʠʥʜʝʢʩʦʚ ʄʠʣʣʝʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 0,062; 0,077 ʠ 0,093% ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʧʠʢʦʚ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ ʨʝʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʳ pCdTe/nZAO, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʈʠʩ.2): ʄʦ + ʄʦʆ3 + MoTe2+CdTe  +ʊʝʆ2+ 

ZAO  +  In 

 
ʈʠʩ.2. ʉʭʝʤʘ ʨʝʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʳ pCdTe/nZAO 

ʄʦ + ʄʦʆ3 +  MoTe2+ʉdTe  +ʊʝʆ2+ ZAO +  In 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʨʝʥʪʛʝʥʦʬʘʟʥʳʡ ʘʥʘʣʠʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ pCdTe/nZAO ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʣʦʠ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʦʡ ʠ     ʤʦʣʠʙʜʝʥʦʤ ʄʦ - 

CdTe ʚ ʦʩʥʦʚʥʦʤ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʦʢʩʠʜ ʄ0ʆ3 ʠ MoTe2.ʊʘʢʞʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʨCdTe ʠ  n ZAO ʠʤʝʶʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʟ  ʦʢʩʠʜʘ ʪʝʣʣʫʨʘ - ʊʝʆ2. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʙʘʟʦʚʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʠʟ CdTe ʢʫʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ.  
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ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺ ɼʃʗ 

ʀɿɻʆʊʆɺʃɽʅʀʗ ʊɽʈʄʆɻɽʅɽʈɸʊʆʈʆɺ ɺ ʄɽɼʀʎʀʅɽ 

 

ɸ.ʄ.ʂʘʩʠʤʘʭʫʥʦʚʘ1,  ʈ.ɸ.ʅʫʨʜʠʥʦʚʘ1 

1ʌʝʨʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʩʥʦʚʘʥʳ ʥʘ ʵʬʬʝʢʪʝ ɿʝʝʙʝʢʘ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʟʥʠʮʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʚʧʣʦʪʴ ʦʪ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʜʦ ʧʨʠʙʦʨʦʚ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

ʤʝʜʠʮʠʥʝ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʪʘʥʦʚʷʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʚʘʪʴ 

ʘʚʪʦʥʦʤʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʠʢʨʦʩʠʩʪʝʤ [1-3]. ɺ ʪʦʤ ʯʠʩʣʝ ʦʥʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʠʙʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ:  

1. ʇʠʪʘʥʠʝ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ. ʊʝʨʤʦʛʝʥʝʨʘʪʦʨʳ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʵʥʝʨʛʠʶ ʜʣʷ ʨʘʙʦʪʳ ʢʘʨʜʠʦʩʪʠʤʫʣʷʪʦʨʦʚ, ʩʣʫʭʦʚʳʭ ʠʤʧʣʘʥʪʦʚ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, ʩʥʠʞʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʙʘʪʘʨʝʡ ʠ ʫʚʝʣʠʯʠʚʘʷ ʩʨʦʢ ʩʣʫʞʙʳ ʩʠʩʪʝʤ.   

2. ʄʦʥʠʪʦʨʠʥʛ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʥʩʦʨʦʚ, ʠʟʤʝʨʷʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʚ ʨʝʘʥʠʤʘʮʠʠ ʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ.   

3. ʈʝʛʝʥʝʨʘʪʠʚʥʘʷ ʤʝʜʠʮʠʥʘ.   

ʋʯʠʪʳʚʘʷ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʦʚ ʚ ʤʝʜʠʮʠʥʝ ʧʝʨʝʜ ʫʯʸʥʳʤʠ, 

ʩʪʘʚʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʩʜʝʣʘʶʪ ʠʭ ʧʨʠʤʠʪʠʚʥʳʤʠ ʩ ʫʯʸʪʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʤʝʜʠʮʠʥʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʷ ʠʭ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ɿʝʝʙʝʢʘ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ [4]. 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʦʚ, ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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1. ʊʝʣʣʫʨʠʜ ʚʠʩʤʫʪʘ Bi2Te3. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʚʳʩʦʢʦʤʫ ZT ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʤʝʜʠʮʠʥʝ Bi2Te3, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʠʥʠʘʪʶʨʥʳʭ 

ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʪʝʣʦʤ ʧʘʮʠʝʥʪʘ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ.   

2. ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ, ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 

ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ Bi2Te3 ʩʥʠʞʘʝʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʟʘ ʩʯʸʪ ʨʘʩʩʝʷʥʠʷ ʬʦʥʦʥʦʚ.   

3. ʆʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʧʦʣʠʘʥʠʣʠʥ ʠ ʧʦʣʠʪʠʦʬʝʥ, 

ʦʙʣʘʜʘʶʪ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʀʭ ʦʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ - ʛʠʙʢʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʤʷʛʢʠʤʠ 

ʪʢʘʥʷʤʠ ʦʨʛʘʥʠʟʤʘ. 

ɸʥʘʣʠʟʠʨʫʷ ʨʘʙʦʪʳ [1-6], ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʚ ʤʝʜʠʮʠʥʝ: 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, ʘʚʪʦʥʦʤʥʘʷ ʨʘʙʦʪʘ, 

ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʭʠʤʠʯʝʩʢʦʤ ʪʦʧʣʠʚʝ ʠ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʦʢʩʠʯʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʥʘʧʨʠʤʝʨ, ʪʝʣʣʫʨʘ ʠ ʚʠʩʤʫʪʘ);   

ʈʘʟʨʘʙʦʪʢʘ ʛʠʙʢʠʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʸʥʦʢ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʚ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ.   

  ɽʱʸ ʦʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʕɼʉ) ʪʝʨʤʦʧʘʨ. ʕɼʉ ʪʝʨʤʦʧʘʨ ʦʙʳʯʥʦ ʠʤʝʝʪ ʦʯʝʥʴ ʤʘʣʳʝ 

ʟʥʘʯʝʥʠʷ, ʜʦʩʪʠʛʘʷ ʜʦʣʝʡ ʚʦʣʴʪʘ, ʧʦʨʦʡ ʩʦʪʳʭ ʠʣʠ ʜʘʞʝ ʩʪʦʪʳʩʷʯʥʳʭ. ʆʜʥʘʢʦ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʪʝʨʤʦʧʘʨ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʠʪʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʤʥʦʛʠʭ ʪʝʨʤʦʧʘʨ ʕɼʉ ʠʟʤʝʥʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʨʠ ʥʘʛʨʝʚʝ. 

ʅʝʢʦʪʦʨʳʝ ʪʝʨʤʦʧʘʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʟʢʠʡ ʨʦʩʪ ʕɼʉ ʧʨʠ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʥʘʛʨʝʚʘ, ʟʘʪʝʤ 

ʝʛʦ ʟʘʤʝʜʣʝʥʠʝ, ʘ ʧʦʟʞʝ ʧʘʜʝʥʠʝ ʜʦ ʥʫʣʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʤʝʥʦʡ ʟʥʘʢʘ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʪʝʨʤʦʧʘʨʘ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʟ ʤʝʜʠ ʠ ʞʝʣʝʟʘ. ʇʨʠ ʥʘʛʨʝʚʝ ʩʧʘʷ ʜʦ 100 ÁC ʕɼʉ 

ʜʦʩʪʠʛʘʝʪ 0,00113 ɺ, ʠ ʪʦʢ ʥʘʧʨʘʚʣʷʝʪʩʷ ʦʪ ʤʝʜʠ ʢ ʞʝʣʝʟʫ. ʇʨʠ 200 ÁC ʕɼʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦ 0,00171 ɺ, ʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400 ÁC ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʜʦ 0,00120 ɺ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ ʜʦ 541 ÁC ʕɼʉ ʠʩʯʝʟʘʝʪ, ʘ ʟʘʪʝʤ ʚʦʟʥʠʢʘʝʪ ʚʥʦʚʴ ʩ ʦʙʨʘʪʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʦʢʘ ð ʦʪ ʞʝʣʝʟʘ ʢ ʤʝʜʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʨʤʦʧʘʨ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʦʜʙʠʨʘʪʴ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʫ 

ʢʦʪʦʨʳʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʜʣʝʥʠʷ ʨʦʩʪʘ ʕɼʉ ʠʣʠ ʩʤʝʥʳ ʧʦʣʷʨʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʚʳʙʠʨʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʠʡ ʪʦʢ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʕɼʉ. 

ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʦ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɼʣʷ ʥʘʫʯʥʳʭ ʮʝʣʝʡ ʪʝʨʤʦʧʘʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʣʘʪʠʥʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʷʭ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʚʘʨʠʘʥʪʘʤ. ʅʘʧʨʠʤʝʨ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʞʝʣʝʟʦ, ʤʝʜʴ ʜʣʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʧʣʘʚʘ ʢʦʥʩʪʘʥʪʘʥʘ (ʩʧʣʘʚ 60% ʤʝʜʠ ʠ 
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40% ʥʠʢʝʣʷ), ʭʨʦʤʝʣʴ (90% ʥʠʢʝʣʷ ʠ 10% ʭʨʦʤʘ), ʘʣʶʤʝʣʴ (95% ʥʠʢʝʣʷ ʠ 5% ʘʣʶʤʠʥʠʷ), 

ʥʠʭʨʦʤ (80% ʥʠʢʝʣʷ ʠ 20% ʭʨʦʤʘ) ʠ ʜʨʫʛʠʝ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚʢʣʶʯʘʶʪ ʤʝʜʴ ʠ ʢʦʥʩʪʘʥʪʘʥ, 

ʞʝʣʝʟʦ ʠ ʢʦʥʩʪʘʥʪʘʥ, ʥʠʭʨʦʤ ʠ ʞʝʣʝʟʦ, ʭʨʦʤʝʣʴ ʠ ʘʣʶʤʝʣʴ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 

1000 ÁC ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʨʤʦʧʘʨʳ ʠʟ ʧʣʘʪʠʥʳ ʠ ʝʝ ʩʧʣʘʚʦʚ, ʚʦʣʴʬʨʘʤʘ, ʤʦʣʠʙʜʝʥʘ ʠ 

ʛʨʘʬʠʪʘ. ɼʣʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ (ʜʦ 300 ÁC) ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʣʘʚʳ 

ʚʠʩʤʫʪʘ, ʩʫʨʴʤʳ ʠ ʮʠʥʢʘ. 

ɼʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʝʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʩʧʣʘʚʳ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʤʘʪʝʨʠʘʣʳ. 

 

 
ʈʠʩ. 1. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʠ 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʦʚ ʜʣʷ ʤʝʜʠʮʠʥʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠ ʨʘʩʰʠʨʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʥʦʤʥʳʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ. ɺ ʪʦʤ ʯʠʩʣʝ ʧʨʦʚʝʜʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʨʠʙʦʨʦʚ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʟʦʥʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. 
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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 ɟ = 80 

OhmȚcm and a size of 8Ĭ4Ĭ0.9 mm3. Diffusion annealing was carried out in a tubular electric 

furnace in the open air or in evacuated (P=10-5-106 mm Hg) quartz ampoules in the temperature 

range T=1200õ1350ÁC 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). 

 

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

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

europium. 

 

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

Element Line type Weight.% Sigma.% 

C K series 9,50 0,55 

O K series 31,67 0,36 

Si K series  29,63 0,28 

Ca K series 0,18 0,05 

Eu L series 29,02 0,35 

Sum:  100,00  

Table 1 shows the percentage content of various 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). 

 
a 

 
b 

Fig. 3. AFM Images of the Surface Condition of Si Samples 

(a)Morphology of the sample surface (b) 3D representation of the sample surface 

 

In the AFM image, the number of atoms in the nanocluster corresponding to the observed 

peak in the 12.5 ɛm spectrum on the silicon surface was found to be 1.6 Ĭ 10. 
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ITTIRIY BILAN LEGIRLANGAN KREMNIYDAGI TUZULMAVIY 

OóZGARISHLAR 

 

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

OԀzbekiston Milliy universiteti huzuridagi YarimoԀtkazgichlar fizikasi va mikroelektronika 

instituti, Toshkent, OԀzbekiston 

 

Soónggi yillarda yarimoótkazgich va optoelektronikaning asosiy materiali boólgan kremniy 

(Si) xususiyatlarini modifikatsiya qilish va uning qoóllanish sohasini kengaytirish uchun turli 

elementlar bilan legirlab, ularning optic va elektrofizik xususiytlarini oórganish boóyicha koóplab 

tadqiqot ishlari olib borilmoqda. Ushbu elementlar orasida Ittiriy kirishmasi muhim ahamiyatga 

ega [1--4]. Bunday kirishmalar kremniyning elektroótkazuvchanligi, mexanik mustahkamligi va 

boshqa muhim xususiyatlarini oózgartirish imkonini beradi. Ushbu ishda yuqori temperaturda 

ittiriy (Y) atomlari bilan legirlangan monokristall kremniyning nuqsonli tarkibiga taósirini Raman 

spektroskopiya yordamida oórganish natijalari keltirilgan. Tadqiqot uchun Choxralskiy usulida 

oóstirilgan  va solishtirma qarshiligi - 7,5 OmĿsm boólgan n-tipli monokristall kremniydan 

foydalanildi. Ittiriy atomlari bilan legirlash 1200ÁC 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 oólchab, kirishma va 

termik ishlovning kristall strukturasi taôsiri aniqlandi. Dastlabki kirishmasiz (etalon) namunaning 

Raman spektrlarining tahlili 1-rasmda keltirilgan va unda quydagi choóqqilar aniqlandi. 131cm-1, 

311 cm-1, 523 cm-1, 705 cm-1, 784 cm-1, 952 cm-1, va 1537 cm-1. Bu choôqqilar monakristall 
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kremniydagi akustik TA, LA va optik TO, LO piklar hamda molekulyar bogólanishlarni beradi. 

Asosan 131cm-1 choóqqi  TA akustik sohani beradi, bu sohada nuqsonlar amorf hususiyatni 

koórsatadi. 311 cm-1 da 2LA akustik soha deyiladi bu joyda ham Si-F bilan kuchsiz boógólanish 

hosil boóladi va bu amorf sohaga tegishli.  

 
1-Rasm. KEF-7,5 OmĿcm. Dastlabki kirishmasiz (etalon) namuna. 

 

523 cm-1 dagi choóqqi Si-Si kimyoviy bogólanishni beradi, bu optik soha deyiladi TO+LO 

mavjud. 705 cm-1, 784 cm-1 kenglanma TA+TO sohalar deyiladi, choóqqilarda Si-F3, Si-O larni 

molekulyar bogólanishlarini koórish mumkin. 952 cm-1 choóqqi hosil boólishi optik soha deyiladi 

2TO sohaga mos keladi. 

Shuningdek n ï tipli kremniy nazorat namunalari ham 1200ÁC temperaturda 1 soat vaqt 

davomida termik ishlovdan oótkazildi va ushbu namunalarining Raman spektri oórganildi. n-Si ga 

ittriy atomlarini 1200ÁC da 1 soat  davomida diffuziya qilindi va ittriy bilan legirlangan namunalari 

ham Raman spektrometrida oólchandi. Olingan Raman spektrlari 2- rasmda keltirilgan. Ushbu 

spektrlarga qarasak nazorat namunada dastlabki namunaga nisbatan amorf sohalarda katta 

oózgarishlar hosil boólmagan, lekin optik sohalarda sezilarli darajada oôzgargan.  
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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-1 dagi pikda oózgarishlar hosil boóldi bunga sabab kremniy boshqa 

moddalar bilan molekulyar bogólanishlarni hosil qilgan deyish mumkin. 

Ittriy (Y) bilan legirlangan naminalarda juda katta oózgarishlarni kuzatish mumkin. Bunda 

akustik, amorf, optik sohalarda koórish mumkin. Grafikda 0-200 cm-1 oraliqda amof soha pasiyib 
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bormoqda bu Y atomlari kristall panjarada nuqsonlarni kamaytirishga hissa qoóshgan, 200-400 

cm-1 oralida ikkita molekulyar bogólar hosil boólgan Si-F va SiO2.  

400-500 cm-1 oraliqlarda qoóshimcha Si-Y hosil boólganini koórish mumkin. Optik sohaga 

tegishli boólgan 523 cm-1 choóqqimizda ham intensivlik oshganligini koórish mumkin. Y atomlari 

hisobiga kremniy kristal panjarasida tugunlar markazida joylashib, nuqsonlarni tuzulmaviy 

kamayishiga hissa qoóshmoqda degan xulosa qilish mumkin. 
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ʩʦʜʠʨ ʙ˄ʣʘʜʠʛʘʥ ˄ʟʛʘʨʠʰʣʘʨʥʠ ʪʘʜץʠץ ʵʪʠʰ ʤʫ״ʠʤ ʤʘʩʘʣʘ ״ʠʩʦʙʣʘʥʘʜʠ. ʖץʦʨʠ 

 ,ʦʪʣʘʨʛʘ ʢ˄ʨʘץʠץʪʘʜ ץʣʠסʣʠʢ ʠʰʣʦʚ ʙʝʨʠʣʠʰʠ ʙʠʣʘʥ ʙʦץʘʨʦʨʘʪʣʘʨʜʘ ʢʨʝʤʥʠʡʛʘ ʠʩʩʠ״

ʥʘʤʫʥʘʣʘʨʛʘ ʠʩʩʠץʣʠʢ ʙʠʣʘʥ ʠʰʣʦʚ ʙʝʨʠʣʠʰʠ ʫʥʜʘ ʤʘʚʞʫʜ ʙ˄ʣʛʘʥ ʥʫץʩʦʥʣʘʨ ʪʫʟʠʣʠʰʠ ʚʘ 

ʩʪʨʫʢʪʫʨʘʩʠʛʘ ʪʘʲʩʠʨ ʵʪʘʜʠ [1-2]. 
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ʋʰʙʫ ʠʰʜʘ ʢʨʝʤʥʠʡ ʥʘʤʫʥʘʩʠʛʘ ʶץʦʨʠ ״ʘʨʦʨʘʪʣʘʨʜʘ (1100-1200 Áʉ) ʠʩʩʠץʣʠʢ ʠʰʣʦʚ 

ʙʝʨʠʣʠʰʠ ʚʘ ʫʥʛʘ ˄ʪʫʚʯʠ ʵʣʝʤʝʥʪʣʘʨʜʘʥ ʙʠʨʠ ʙ˄ʣʛʘʥ ʭʨʦʤ ʘʪʦʤʣʘʨʠ ʢʠʨʠʪʠʣʛʘʥ 

ʥʘʤʫʥʘʣʘʨʥʠʥʛ ʩʠʨʪʠʜʘ ʩʦʜʠʨ ʙ˄ʣʛʘʥ ˄ʟʛʘʨʠʰʣʘʨ ʪʘʜץʠץ ʵʪʠʣʛʘʥ. 

ʊʘʜץʠץʦʪ ʫʯʫʥ ʜʘʩʪʣʘʙ n-Si  ʥʘʤʫʥʘʣʘʨʠ ʪʘʡʸʨʣʘʥʜʠ. ʅʘʤʫʥʘʣʘʨʛʘ ʤʝʭʘʥʠʢ ʚʘ 

ʢʠʤʸʚʠʡ ʠʰʣʦʚʣʘʨ ʙʝʨʠʣʜʠ. ʉ˄ʥʛ ʥʘʤʫʥʘʣʘʨʛʘ ʠʩʩʠץʣʠʢ ʠʰʣʦʚ ʙʝʨʠʣʠʰʠ ʊ=1100-1200 Áʉ 

 ʘʨʦʨʘʪʣʘʨʜʘ t=2 ʩʦʘʪ ʜʘʚʦʤʠʜʘ ʉʋʆʃ-4ʄ ʧʝʯʠʜʘ ʦʣʠʙ ʙʦʨʠʣʜʠ. ʂʨʝʤʥʠʡ ʥʘʤʫʥʘʩʠʛʘ״

ʭʨʦʤ ʘʪʦʤʣʘʨʧʠ 1200 Áʉ ״ʘʨʦʨʘʪʜʘ ʜʠʬʬʫʟʠʷ ʫʩʫʣʠʜʘ ʢʠʨʠʪʠʣʜʠ. ʀʣʤʠʡ ʥʘʪʠʞʘʣʘʨ ʦʣʠʙ 

ʙʦʨʠʰ ʫʯʫʥ Hitachi S-3400N ʤʘʨʢʘʣʠ ʩʢʘʥʝʨʣʦʚʯʠ ʵʣʝʢʪʨʦʥ ʤʠʢʨʦʩʢʦʧ ʸʨʜʘʤʠʜʘ ʢʨʝʤʥʠʡ 

ʥʘʤʫʥʘʣʘʨʠʛʘ ʠʩʩʠץʣʠʢ ʠʰʣʦʚ ʙʝʨʠʣʠʰʠ ʪʘʲʩʠʨʠʜʘ ʥʫץʩʦʥʣʘʨʥʠʥʛ ˄ʟʛʘʨʠʰʠʥʠʥʛ ʪʘʜץʠץʠ 

ʫʯʫʥ ʪʘʩʚʠʨʣʘʨ ʦʣʠʥʜʠ. 

ʂʨʝʤʥʠʡʜʘʛʠ ʪʝʨʤʠʢ ʠʰʣʦʚ ʙʝʨʠʣʠʰʠ ʪʘʲʩʠʨʠʜʘʛʠ ʥʫץʩʦʥʣʘʨʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʙ˄ʡʠʯʘ 

˄ʪʢʘʟʠʣʛʘʥ ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ ʰʫʥʠ ʢ˄ʨʩʘʪʜʠʢʠ, ʞʘʨʘʸʥʥʠʥʛ ʜʘʚʦʤʠʡʣʠʛʠ ʚʘ 

ʥʘʤʫʥʘʣʘʨʥʠʥʛ ʩʦʚʫʪʠʰ ʫʩʫʣʣʘʨʠ ʤʫ״ʠʤ ʬʘʢʪʦʨʣʘʨʜʘʥ ״ʠʩʦʙʣʘʥʘʜʠ. ʗʲʥʠ, ʶץʦʨʠ 

 ʣʠʢ ʠʰʣʦʚ ʙʝʨʠʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘץʘʨʦʨʘʪʣʘʨʜʘ ʢʨʝʤʥʠʡ ʥʘʤʫʥʘʣʘʨʠʛʘ ʠʩʩʠ״

ʥʘʤʫʥʘʣʘʨʜʘʛʠ ʥʫץʩʦʥʣʘʨ ʪʘʙʠʘʪʠ ʢʝʩʢʠʥ ˄ʟʛʘʨʘʜʠ (1-ʨʘʩʤ). 

1-ʘ ʨʘʩʤʜʘ ʥʘʟʦʨʘʪ ʥʘʤʫʥʘʩʠ ʶʟʘʩʠʥʠ 500 ʤʘʨʪʘ ʢʘʪʪʘʣʘʰʪʠʨʠʣʛʘʥ ״ʦʣʜʘʛʠ ʪʘʩʚʠʨʠ 

ʙʝʨʠʣʛʘʥ. ʆʣʠʥʛʘʥ ʪʘʩʚʠʨʜʘʥ ʰʫʥʠ ʢ˄ʨʠʰ ʤʫʤʢʠʥʢʠ, ʥʘʤʫʥʘ ʶʟʘʩʠʥʠʥʛ ʥʦʪʝʢʠʩʣʠʛʠ 

(ʰʝʨʦʭʦʚʘʪʦʩʪʴ) ʶץʦʨʠ. ʅʘʤʫʥʘ ʶʟʘʩʠʜʘ ʪʫʨʣʠ ˄ʣʯʘʤʜʘʛʠ ʯʫץʫʨʯʘʣʘʨ ʤʘʚʞʫʜʣʠʛʠʥʠ 

ʥʘʤʫʥʘ ʶʟʘʩʠʥʠ ʧʦʣʠʨʦʚʢʘʣʘʥʤʘʛʘʥʣʠʛʠ ʙʠʣʘʥ ʠʟʦ״ʣʘʰ ʤʫʤʢʠʥ.  

  
ʘ) ʙ) 

 
ʛ) 

1-ʨʘʩʤ. ʂʨʝʤʥʠʡ ʥʘʤʫʥʘʣʘʨʠʥʠʥʛ ʩʢʘʥʝʨʣʦʚʯʠ ʵʣʝʢʪʨʦʥ ʤʠʢʨʦʩʢʦʧʜʘʛʠ 

ʪʘʩʚʠʨʣʘʨʠ. ʘ-ʥʘʟʦʨʘʪ ʥʘʤʫʥʘ; ʙ-1100 Áʉ ʣʠ ״ʘʨʦʨʘʪʜʘ ʪʝʨʤʠʢ ʠʰʣʦʚ ʙʝʨʠʣʛʘʥ 

ʥʘʤʫʥʘ, ʛ-ʭʨʦʤ ʘʪʦʤʣʘʨʠ ʙʠʣʘʥ ʣʝʛʠʨʣʘʥʛʘʥ ʢʨʝʤʥʠʡ ʥʘʤʫʥʘʩʠ.  

 

1-ʙ ʨʘʩʤʜʘ ʵʩʘ ʥʘʟʦʨʘʪ ʥʘʤʫʥʘʣʘʨʠʛʘ 1100 Áʉ ״ʘʨʦʨʘʪʜʘ ʠʩʩʠץʣʠʢ ʠʰʣʦʚ ʙʝʨʠʣʛʘʥʜʘʥ 

ʩ˄ʥʛ ʦʣʠʥʛʘʥ ʪʘʩʚʠʨʠ ʢʝʣʪʠʨʠʙ ˄ʪʠʣʛʘʥ. ʐʫʥʠ ץʘʡʜ ʵʪʠʰ ʣʦʟʠʤʢʠ, ʥʘʤʫʥʘʣʘʨ ʪʝʟ ʩʦʚʫʪʠʰ 

ʫʩʫʣʠ ʦʨʦץʘʣʠ ʩʦʚʫʪʠʣʛʘʥʜʘʥ ʩ˄ʥʛ, ʥʘʤʫʥʘʣʘʨ ʶʟʘʩʠ 25-30 ʤʢʤ ץʘʣʠʥʣʠʢʜʘ ʤʝʭʘʥʠʢ ʠʰʣʦʚ 

ʙʝʨʠʰ ʫʩʫʣʠ ʦʨץʘʣʠ ʦʣʠʙ ʪʘʰʣʘʥʛʘʥ. ʊʘʩʚʠʨʣʘʨʜʘʛʠ ʙʠʨ ʭʠʣ ʨʘʥʛʜʘʛʠ ʶʟʘʣʘʨ Si 
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ʵʢʘʥʣʠʛʠʥʠ ʙʠʣʜʠʨʩʘ, ˄ʣʯʘʤʣʘʨʠ 5-35 ʤʢʤ ʦʨʘʣʠץʜʘʛʠ ʦʨʦʣʯʘʣʘʨ ʠʩʩʠץʣʠʢ ʪʘʲʩʠʨʠ ʦʩʪʠʜʘ 

ʶʟʘʛʘ ʢʝʣʛʘʥ ʥʫץʩʦʥʣʘʨ ʵʢʘʥʣʠʛʠʜʘʥ ʜʘʣʦʣʘʪ ʙʝʨʘʜʠ. ʂʨʝʤʥʠʡʥʠ ʭʨʦʤ ʙʠʣʘʥ ʣʝʛʠʨʣʘʥʠʰʠ 

ʫʥʠʥʛ ʶʟʘʩʠʜʘʛʠ ʥʘʥʦʟʘʨʨʘʣʘʨ ʤʠץʜʦʨʠ ʚʘ ʟʠʯʣʠʛʠʥʠʥʛ ʦʰʛʘʥʠʥʠ, ץʦʣʘʚʝʨʩʘ, ʢʨʝʤʥʠʡ 

ʶʟʘʩʠʜʘʛʠ ʢʠʨʠʰʤʘ ʘʪʦʤʣʘʨʠ ʞʦʡʣʘʰʛʘʥʠʥʠ ʪʘʩʚʠʨʣʘʨʜʘʛʠ ʸʨץʠʥ ʨʘʥʛʣʘʨ ʦʨץʘʣʠ 

ʢ˄ʨʠʰʠʤʠʟ ʤʫʤʢʠʥ (1-ʛ ʨʘʩʤ).  

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʛʘ ʢ˄ʨʘ ʶץʦʨʠ ״ʘʨʦʨʘʪʣʘʨʜʘ ʢʨʝʤʥʠʡʛʘ ʠʩʩʠץʣʠʢ ʠʰʣʦʚ 

ʙʝʨʠʣʠʰʠ ʫʥʜʘ ʤʘʚʞʫʜ ʙ˄ʣʛʘʥ ʥʫץʩʦʥʣʘʨ ʪʫʟʠʣʠʰʠ ʚʘ ʩʪʨʫʢʪʫʨʘʩʠʛʘ ʪʘʲʩʠʨ ʵʪʠʰʠ 

ʘʥʠץʣʘʥʜʠ.  
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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 (ErSi2-x) has increased, as this material has a low 

Schottky barrier on n-type silicon (0.3ï0.4 eV) [1,2], which opens up prospects for the use of 

ErSi2-x 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. ErSi2-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 ErSi2-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 
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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. [6ï10]. The cubic structure of silicon allows for the 

presence of a single first-order Raman phonon with a wavenumber of 520 Ñ 1 cm-1, as well as 

additional less intense peaks [8,9]. 

In the silicon spectra, vibrations at 304 cm-1 are observed, associated with the longitudinal 

acoustic mode, and a wide peak in the range of 900-1100 cm-1, 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-ĭ 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 28.40Á corresponds to silicon, whereas the peak at 94.80Á 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 ErSi2-x. This causes the diffusion of Si atoms through the depressions and 

the formation of polycrystalline ErSi2. 

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 OᾶTKAZUVCHANLIGI VA 

HARAKATCHANLIGINING  TEMPERATURAGA BOGᾶLIQLIGINI TADQIQ ETISH 

 

A.T.Mamadalimov, M.Sh.Isayev, S.Q. Musayev 

Oózbekiston Milliy universiteti 

 

Oᾶtish elementining silitsidlari, xususan kobalt silitsidlari oᾶzining yuqori termik stabilligi, 

yaxshi elektr oᾶtkazuvchanligi va kremniy bilan birga oson qoᾶshila olish xususiyati mavjudligi 

hisobiga mikro- va nanoelektronikada qoᾶllanilish uchun istiqbolli material hisoblanadi. Ushbu 

ishda monokristallik kremniyni kobalt atomlari bilan legirlash jarayonida hosil boᾶladigan kobalt 

silitsidlarining elektr oᾶtkazuvchanligi va harakatchanligining temperaturaga bogᾶliqligi 100 K dan 

600 K gacha temperaturada oᾶrganilganda olingan natijalar keltirilgan. Bu maôlumotlar katta va 

oᾶta katta integral sxemalar yaratishda past omli kontaktlar olish uchun muhim hisoblanadi. 

Kobaltning kremniyga diffuziya boᾶlish koeffitsiyenti katta boᾶlgani uchun legirlashda 

diffuzion usuldan foydalanildi. Kobalt atomlari KDB-10 va KEF-20 markali monokristallarga 

800ï900 ÜC da diffuziya qilindi. Kristallning sirt sohasida 30ï40 mkm chuqurlikda kobalt 

silitsidlari hosil qilindi. Silitsid strukturasi rentgen diffuziya va skanerlovchi elektron mikroskopda 

oᾶrganildi. Elektr oôtkazuvchanlikning temperaturaga bogᾶliqligi toᾶrt zondli usuldan foydalanib 

oᾶlchandi. Zaryad tashuvchilar harakatchanligi Xoll qurilmasida aniqlandi. 

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

1. 100ï270 K temperatura oraligᾶida elektr oᾶtkazuvchanlik temperatura ortishi bilan chiziqli 

kamaygan. Buning sababi zaryad tashuvchilarning fononlarda sochilishi katta boᾶlganligidadir. 

2. T=270 K da elektr oᾶtkazuvchanlik kamayishdan toᾶxtaydi, buni elektron 

oᾶtkazuvchanlikning kovakli oᾶtkazuvchanlikka almashishi bilan tushuntirilishi mumkin. 

3. 270ï600 K temperatura intervalida elektr oᾶtkazuvchanlikning ortishi kuzatilgan. Bu 

kovakli zaryad tashuvchilar konsentrtsiyasi ortishi bilan tushuntirilishi mumkin. 
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Kobalt disilitsidida temperatura ortishi bilan oᾶtkazuvchanlik chiziqli kamayadi. Bu zaryad 

tashuvchilarning fononlar, nuqsonlar, klasterlarda sochilishi bilan tushuntirilishi mumkin. 

Temperatura ortishi bilan elektr oᾶtkazuvchanlik oᾶzgarishidagi oᾶziga xosligini tadqiq etish 

uchun harakatchanlikning temperaturaga bogᾶliqligi oᾶrganildi (2-rasm). 

 
Kobalt monosilitsidida 100ï270 K temperatura intervalida harakatchanlik eksponensial 

kamayadi, 270ï600 K oraligᾶida ortadi. Harakatchanlikning temperaturaga bunday bogᾶliqligi 

kobalt monosilitsidining yarimoᾶtkazgich ekanligi bilan tushuntiriladi. 100ï270 K temperatura 

oraligᾶida kobalt monosilitsidi n-tur oᾶtkazuvchanlikka, 270ï600 K da p-tur oᾶtkazuvchanlikka 

ega. 

Kirishmalarda 100ï270 K temperatura oraligᾶida avval sochilish ustunlik qiladi, keyin 

ustunlik fononlarda sochilishda yuz beradi. 

Turli temperatura sohalarida turli turdagi toᾶqnashuvlar hissasi turlicha boᾶladi. Panjara 

issiqlik tebranishlaridagi sochilishni koᾶraylik. Bu sochilish nisbatan yuqori temperaturalarda 

oᾶzini kuchli namoyon qiladi. Past temperaturalarda bunday tebranish chastotalari past boᾶladi. 

Debay temperaturasidan yuqori temperaturalarda: 

— ȟ         ὺ  

bu yerda ‫ ï atomlarning tebranishining doiraviy chastotasi, ὺ ï kristalldagi tovush 

tezligi, a ï panjara parametri, — ï Debay temperaturasi. 

Fononlar soni temperaturaga proporsional ravishda ortadi. Kristall ichida fononning harakat 

tezligi ï tovush toᾶlqinlari tezligi boᾶlib, miqdori 105 sm/s, tok tashuvchilar harakat tezligi 1ͯ07 

sm/s ga teng. Bundan chiqadigan xulosa: tok tashuvchilar uchun fononlar panjaraning ñqotib 

qolganò defektlari hisoblanadi. Tashuvchilarning bunday defektlar bilan toᾶqnashuvi 

temperaturaga bogᾶliq. 

2-rasmdagi egri chiziqni yana mana bunday tushuntirish mumkin. Atomlar issiqlik 

tebranishi natijasida zaryad tashuvchilar sochilishi sodir boᾶladi. Atomlar issiqlik tebranishi bilan 

bogᾶlangan koᾶndalang kesim issiqlik tebranish amplitudasi kvadratiga proporsional. Bunda 

effektiv toᾶqnashish chastotasi sochuvchi markazlar kesimiga va ular orasidagi tashuvchilar 

koᾶchish tezligiga proporsional. 

Kobalt disilitsidi harakatchanligi barcha temperatura intervalida temperatura ortishi bilan 

chiziqli kamayadi, bu metallik oᾶtkazuvchanlikka xos xususiyat. 
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THE EFFECT OF SILICON DOPING BY HOLMIUM ON STRUCTURE AND 

PROPERTIES BY SCATTERING SPECTROSCOPY 
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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 ɛm. 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-1 for n-Si and 530 cm-1 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-1 (shift -5 cm-1), and in the case of p-Si<Ho> appears at 525 cm-1 (shift +5 cm-1) 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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b) p-Si ( ╖ ); ʢʦʤʧʦʟʠʪ p-Si<Ho> ( ╖ ) 

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 Ḑ960 cmī1, which corresponds to the valence oscillation of SiīO-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 Ḑ522 and Ḑ950 

cm-1 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-1 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  

 

ɸ.S. ɸchilov1*, S.ɸ. ʄuzaffarova2, G.ɸ. ʄuzaffarova2, ɸ. ʂutlimratov1 
1OôzFA  Fizika-texnika instituti, Ch. Aytmatov koôch. 2B, 100084, ʊoshkent, Oôzbekiston 

2Yarimoôtkazgichlar fizikasi va mikroelektronika ilmiy tekshirish instituti, Yangi Olmazor koôch. 

20, Toshkent, Oôzbekiston 

ɽ-mail. alimardon.uzb@mail.ru 

 

Optik shaffof tok o'tkazuvchi indiy qalay oksidi (ITO ï Indium Tin Oxide) qatlamlar keng 

taqiqlangan sohali yarimo'tkazgich bo'lishiga qaramay, past qarshilikka ega boôladi. Chunki ular 

n-tip o'tkazuvchanlikka ega boôlgan degeneratsiyalangan yarimo'tkazgichlardir. Adabiyotlardan 
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ma'lumki, tarkibi 90% In2O3 va 10% SnO2 dan iborat boôlgan ITO yupqa qatlamlari, past qarshilik 

va yuqori optik shaffoflikning optimal kombinatsiyasiga ega [1,2]. Sindirish koôrsatkichining 

yuqoriligi (n = 1.97õ2.06) va past solishtirma qarshilik (<10-3 ohm sm) tufayli ITO yupqa 

qatlamlari quyosh elementlarida (QE) akslantirishga qarshi keng zonali shaffof "oyna" sifatida 

qoôllaniladi [3-5]. Bundan tashqari, taqiqlangan 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 qatlamlarini olishning turli usullari mavjud boôlib, ular bir-

birlariga nisbatan maôlum bir afzalliklar va kamchiliklarga ega. Ular orasida zamonaviy mikro va 

optoelektronika talablariga javob beradigan parametrlarga ega ITO qatlamlarini olish imkonini 

beradigan, hamda qatlamlarni oôtqazishdan keyin ularga turli usullar bilan ishlov berishga imkon 

beruvchi magnetron ionli purkash usuli keng qoôllaniladi. Shuning uhun ham, mazkur ishda 

tajribaviy ITO yupqa qatlamlari 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 yupqa qatlamlarning xususiyatlarini o'rganishdan olingan 

ma'lumotlar keltirilgan. Qoôllanilgan MIP usuli quyidagi afzalliklarga ega [6]:  

- yupqa qatlamlarning taglikka yuqori yopishishi, chunki MIP usuli bilan purkalayotgan 

zarrachalarning energiyasi odatda qoôllaniladigan oddiy bug'lanish paytidagi zarrachalarning 

energiyasidan kattaroq boôladi;  

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

- purkalayotgan materialdan yuqori darajada foydalanish imkoniyati;  

- qalinligi bir xil bo'lgan qatlamalarni olish imkoniyati (jumladan murakkab relefli yuzaga 

oôtqazishda);  

- 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 miqdoriy nisbatlardan foydalanish hamda yupqa 

qatlamlarning oôtqazish rejimlarini avtomatik boshqarish imkoni mavjudligi. 

MIP usuli bilan olingan ITO yupqa qatlamlarining xususiyatlari asosan dastlabki bosim, 

magnetronning quvvati [7], argon gazining bosimi [8], oôtqazish vaqti [9], oôtqazilayotgan 

materialning taglikka tushish burchagi [10], nishon va taglik orasidagi masofa, taglik turi [11], 

qatlam qalinligi [12], taglik harorati [13] kabi turli xil parametrlariga bog'liq.  

Tajribalarda tizimdagi argonning optimal bosimi (5õ6) 10-2 mm.sim.ust. ga teng boôlgan. 

Bunda Ar+ (argon) ionlari nishonning butun yuzasini qoplab oladi va katodning salbiy potentsialini 

himoya qiladi, buning natijasida zaryadsizlanishdan saqlab qoladigan ikkilamchi elektronlar 

yuzaga kelmaydi. Nishon va taglik orasidagi masofa 4,5 dan 5 sm oralig'ida olingan. 

Yupqa qatlamlar har qanday yog'ingarchilik paytida yoki yupqa qatlamning qalinligi etarli 

bo'lmaganda amorf ekanligi aniqlandi. 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 qarshiligining 20 martadan ko'proq pasayishiga olib keladi. Buning sababi shundaki, past 

harorat tufayli 100 ÁC dan past haroratda oôtkazilgan qatlamlarning ITO amorf tuzilishi taglik 

yuzasiga oôtqazilgan atomlar va keyinchalik o'sib borayotgan qatlamda kristall panjara hosil qilish 

uchun etarlicha faol emas, chunki kristallanish 150 ÁC yoki 200 ÁC da boshlanadi [14]. Shuning 

uchun qatlamlar ITO galogenli lampa yordamida xona haroratidan 100-150 ̄ ʉ gacha qizdirildi. 
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Undan keyin namunalar vodorod oqimida 250 ʉ̄ gacha haroratda t = 30 daqiqa davomida 

qizdirildi. 

Shu tarzda olingan qatlamlar shisha taglikga yaxshi yopishgan, quyuq qizil rangli, qalinligi 

d ~ 0,6 mkm va s ~ 1 sm2 yuzaga ega boôlgan. ITO ning elektr xususiyatlarini o'rganish, optik va 

elektr tadqiqotlarini o'tkazish va o'lchash paytida asboblarni ulash uchun ITO plyonkasiga bir-

biriga qarama-qarshi va bir-biridan teng 0,8 sm masofada joylashgan o'lchamlari ~ 2,2 mm boôlgan 

to'rtta kontakt olindi. ITO qatlamining qarshilik o'lchovlari shuni ko'rsatdiki, u 6Ö10-5 sm  qatlam 

qalinligi uchun taxminan 8Ö10-4 Ohm sm boôlgan, bu esa adabiyotlardagi ma'lumotlarga juda yaqin 

[14,15]. Zaryad tashuvchilarning kontsentratsiyasi va harakatchanligi Hall effekti usulida amalga 

oshirildi. Olingan ITO qatlamidagi zaryad tashuvchilarining konsentratsiyasi >1019 sm-3 ga va 

harakatchanligi esa >1 ʩm2V-1s-1 ga teng boôlgan, bu adabiyot ma'lumotlarga mos keladi. 400 dan 

1000 nm gacha bo'lgan to'lqin uzunliklarida shaffoflik o'lchovlari shuni ko'rsatdiki, biz olgan ITO 

qatlamlarning yorug'lik o'tkazuvchanligi kamida 80-85% ni tashkil qiladi. 

Taqiqlangan soha kengligining magnetronli purkash jarayonida quvvatga va purkash vaqti 

oralig'iga bog'liqligini o'rganish Eg = 3,5ï3,6 eV oralig'ida ekanligini ko'rsatdi, bu boshqa 

tadqiqotchilar tomonidan olingan eksperimental qiymatlarga yaxshi mos keladi [5]. 

Ushbu tajriba natijalari quyidagi xulosaga kelishga imkon beradi: Mir usuli bilan sovuq 

substratga qo'llaniladigan ito qatlamlari, keyin tavlanadi, faqat kislorod va argonning qisman 

bosimi aniq p¿sk¿rtme tezligiga mos kelganda yaxshi o'tkazuvchanlik va shaffoflikka ega. Sovuq 

substratga magnetron p¿sk¿rt¿ld¿ĵ¿nde, nafaqat substratga qo'llaniladigan atomlarning foizi, 

balki yog'ingarchilik paytida bu atomlarning holati ham muhimdir. 

Shunday qilib, biz shisha tagliklarda MIP usuli yordamida ITO qatlamlarini olish imkoniyati 

mavjud ekanligini ko'rsatib berdik. Natijalar shuni ko'rsatadiki, olingan ITO yupqa qatlamlari juda 

yuqori sifatga ega va ularni quyosh elementlarini va yorug'lik diodlarini ishlab chiqarishda shaffof 

supero'tkazuvchi qatlam sifatida, shuningdek shaffoflikni oqim bilan birlashtirish zarur bo'lgan 

boshqa shunga o'xshash maqsadlarda qoôllanish mumkin. 
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ʊɽʄʀʈ ɸʊʆʄʀ ɹʀʃɸʅ ʃɽɻʀʈʃɸʅɻɸʅ  ʄʆʅʆʂʈʀʉʊɸʃʃ 

ʂʈɽʄʅʀʁʅʀʅɻ ʀʅʌʈɸפʀɿʀʃ ʉʇɽʂʊʈʀ 

 

ʍ.ʉ. ɼʘʣʠʝʚ1, ɿ.ʄ. ʍʫʩʘʥʦʚ2  
1ʊʦʰʢʝʥʪ ʰʘϲʨʠ, ñʄʕʀò ʤʠʣʣʠʡ ʪʘʜϨʠϨʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠò ʌʝʜʝʨʘʣ ʜʘʚʣʘʪ 

ʙʶʜʞʝʪʠ ʦʣʠʡ ʪʘʲʣʠʤ ʤʫʘʩʩʘʩʘʩʠ ʬʠʣʠʘʣʠ, 

 2ɶʟʄʋ ϲʫʟʫʨʠʜʘʛʠ ʗʨʠʤ˄ʪʢʘʟʛʠʯʣʘʨ ʬʠʟʠʢʘʩʠ ʚʘ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʠʣʤʠʡ-

ʪʘʜϨʠϨʦʪ ʠʥʩʪʠʪʫʪ 

 

 ʦʟʠʨʛʠ ʢʫʥʜʘ ʤʘʲʣʫʤʢʠ, ʢʨʝʤʥʠʡʥʠ ˄ʪʫʚʯʠ ʵʣʝʤʝʥʪʣʘʨ ʙʠʣʘʥ ʣʝʛʠʨʣʘʰ ʞʘʨʘʸʥʠ   ʜʘ׳

ʫʣʘʨ ʘʩʦʩʠʜʘ ʷʨʘʪʠʣʛʘʥ  ʷʨʠʤ˄ʪʢʘʟʛʠʯʣʠ ʘʩʙʦʙʣʘʨʥʠʥʛ ʠʰʯʠ ʧʘʨʘʤʝʪʨʣʘʨʠ ʚʘ 

ʬʦʪʦʵʣʝʢʪʨʠʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʛʘ ʢʘʪʪʘ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʘʜʠ [1-2]. ɹʫ ʡʫʥʘʣʠʰʜʘʛʠ ʢ˄ʧʛʠʥʘ 

ʪʘʜץʠץʦʪ ʠʰʣʘʨʠʜʘ ʙʘʟʘ ʤʘʪʝʨʠʘʣʠʛʘ ˄ʪʫʚʯʠ ʵʣʝʤʝʥʪʣʘʨ ʢʠʨʠʪʠʣʛʘʥ ʘʪʦʤʣʘʨʥʠʥʛ ʵʣʝʢʪʨ 

ʬʘʦʣʣʠʢ ʭʦʣʘʪʠʛʘ  ʪʘʲʩʠʨʠ ʪ˄ʣʠץ ˄ʨʛʘʥʠʣʤʘʛʘʥ. ʄʘʲʣʫʤʢʠ, ʢʨʝʤʥʠʡʛʘ ʢʠʨʠʪʠʣʛʘʥ ʥʦʜʠʨ 

ʵʣʝʤʝʥʪʣʘʨ ʢʨʠʩʪʘʣʣ ʧʘʥʞʘʨʘʜʘ ʶץʦʨʠ ʢʠʤʸʚʠʡ ʬʘʦʣʣʠʢʢʘ ʵʛʘ ʙ˄ʣʠʙ, ʢʨʝʤʥʠʡʜʘ ʵʣʝʢʪʨ 

ʞʠ״ʘʪʜʘʥ ʬʘʦʣ ʙ˄ʣʤʘʛʘʥ ״ʦʣʘʪʜʘ ʠʰʪʠʨʦʢ ʵʪʘʜʠ [3-4].  

https://doi.org/10.1155/2021/5556305%207
https://doi.org/10.1155/2021/5556305%207
https://doi.org/10.3762/bjnano.13.133
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ʋʰʙʫ ʠʰʜʘ n- ״ʘʤʜʘ p- ʪʫʨʜʘʛʠ ɮi ʢʨʝʤʥʠʡ ʤʦʥʦʢʨʠʩʪʘʣʠʛʘ ʪʝʤʠʨ ʘʪʦʤʠ ʢʠʨʠʪʠʣʛʘʥ 

ʞʘʨʘʸʥʠ ʚʘ ʫʣʘʨʥʠʥʛ ʪʫʨʣʠ ʢʠʨʠʰʤʘʣʘʨ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨʠʥʠ ʢʦʤʧʣʝʢʩ ʪʝʢʰʠʨʠʰ ʢʘʪʪʘ 

ʢʠʟʠʢʠʰ ʫʡʛʦʪʘʜʠ. ʊʘʜץʠץʦʪʜʘ ʠʰʠʜʘ  n- ״ʘʤʜʘ p- ʪʫʨʜʘʛʠ ɮi ʤʦʥʦʢʨʠʩʪʘʣʣ ʢʨʝʤʥʠʡʥʠ 

ʪʝʤʠʨ ʘʪʦʤʠ ʜʦʠʤʠʡ ״ʘʨʦʨʘʪʜʘ ʊ=1200ÁC , t =10 ʩʦʘʪ ʚʘץʪ ʜʘʚʦʤʠʜʘ ʜʠʬʬʫʟʠʷ ץʠʣʠʥʛʘʥ 

ʥʘʤʫʥʘʣʘʨʠʥʠʥʛ ʵʣʝʢʪʨʦʬʠʟʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠ ˄ʨʛʘʥʠʣʜʠ. 

ʆʧʪʠʢ ʬʘʦʣ ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʠʥʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘʣʘʨ ʙ˄ʡʠʯʘ 

ʘʥʠץʣʘʥʜʠ: 

 

.̏̏̐̓ σȢσϽρπϽϽÌÎ;         .̒̏̐̓ ρȢρϽρπϽϽÌÎ

  

(1) 

 

Ὅ ʚʘ Ὅ ï ʪʫʰʘʸʪʘʥ ʚʘ ˄ʪʘʜʠʛʘʥ ʸʨʫסʣʠʢ ʠʥʪʝʥʩʠʚʣʠʛʠ, d - ʥʘʤʫʥʘʥʠʥʛ ץʘʣʠʥʣʠʛʠ. 1-

ʬʦʨʤʫʣʘʜʘʥ ʬʦʡʜʘʣʘʥʠʙ, ʦʧʪʠʢ ʬʘʦʣ ʫʛʣʝʨʦʜ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ ʘʥʠץʣʘʥʜʠ. 

1. n-Si (ʥʘʟʦʨʘʪ ʥʘʤʫʥʘ), 

 ὔ̒̏̐̓  ρȢρϽρπϽϽὰὲ πȟχσφϽρπ ʩʤ-3 

 

2. n-Si<V>,  ὔ̒̏̐̓ 

 

 

3. Ўὔ̒̏̐̓ ὔ̒
̏̐ ̓̎ ́̈̏̑́̓

ὔ̒̏̐ ̓ . 

 

4. Ὧ
Ў ̏
̏̐̓

̏
̏̐ ̓̎ ́̈̏̑́ῤππ Ϸ 

 

ʊʘʜץʠץʦʪʜʘ ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʥʠ ʘʥʘʣʠʟ ץʠʣʛʘʥʠʤʠʟʜʘ ʚʘ ʙʦʰץʘ ʰʫʥʛʘ ˄ʭʰʘʰ 

ʠʰʣʘʨʛʘ ʩʦʣʠʰʪʠʨʠʙ, ʰʫʥʠ ʘʡʪʠʰ ʤʫʤʢʠʥʢʠ, ʪʝʤʠʨ ʘʪʦʤʠ ʙʠʣʘʥ ʣʝʛʠʨʣʘʥʛʘʥ 

ʢʨʝʤʥʠʡ (n-Si<Fe>) ʚʘ ʥʘʟʦʨʘʪ ʥʘʤʫʥʘʣʘʨʠ 1200ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʦʠʰʣʦʚ ʙʝʨʠʰ 

ʚʘ ʪʦʙʣʘʰʜʘʥ ʢʝʡʠʥ ʪʘץץʦʩʣʘʥʛʘʥʜʘ ʦʧʪʠʢ ʬʘʦʣ ʢʠʩʣʦʨʦʜʥʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ (ὔ̏̏̐̓) 

4-6% ʛʘ ʢʘʤʘʡʠʙ, ʦʧʪʠʢ ʬʘʦʣ ʫʛʣʝʨʦʜʥʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ( ὔ̒̏̐̓) ʵʩʘ 2-3% ʢʘʤʘʡʠʰʠ 

ʘʥʠץʣʘʥʜʠ. 
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1-ʨʘʩʤ. ʅʘʤʫʥʘʥʠʥʛ ʀפ-ʶʪʠʣʰ ʩʧʝʢʪʨʠ. ʘ) ὔ̒̏̐̓, ʙ) ὔ̏̐̓, 1 ï ʶץʦʨʠ ʩʧʝʢʪʨ 

(n-Si) ʥʘʟʦʨʘʪ ʥʘʤʫʥʘ ʫʯʫʥ. 2 - ʧʘʩʪʢʠ ʩʧʝʢʪʨ (n-Si<Fe>) ʫʯʫʥ 
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ɹʫ ʫʩʫʣ ʵʩʘ ʢʨʝʤʥʠʡ ʤʦʥʦʢʨʠʩʪʘʣʠʜʘʛʠ ʙʦʰץʘʨʠʙ ʙ˄ʣʤʘʡʜʠʛʘʥ ʪʝʭʥʦʣʦʛʠʢ ʥʫץʩʦʥ - 

ʦʧʪʠʢ ʬʘʦʣ ʢʠʩʣʦʨʦʜ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ ץʠʩʤʘʥ ʢʘʤʘʡʠʰʠʛʘ ʵʨʠʰʠʣʜʠ. 

 

ɸʜʘʙʠʸʪʣʘʨ 

 

1. X.S. Daliyev, Z.M. Xusanov. Properties of iron silicides in single-crystal silicon // Web 

of Scientist: International Scientific Research Journal, 2023, Vol. 4, Issue 5, pp. 895-

898. 

2. X.S. Daliyev, Z.M. Xusanov. Defect formation in iron-doped silicon single crystals. // 

Research Fokus, 2023, Vol. 2, Issue 5 

3. ʍ.ʉ. ɼʘʣʠʝʚ, ʐ.ɹ. ʋʪʘʤʫʨʘʜʦʚʘ, ɿ.ʄ. ʍʫʩʘʥʦʚ ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʬʬʫʟʠʠ ʞʝʣʝʟʘ ʚ 

ʢʨʝʤʥʠʠ. // ʅʘʤʘʥʛʘʥ ʜʘʚʣʘʪ ʫʥʠʚʝʨʩʠʪʝʪʠ ʠʣʤʠʡ ʭʘʙʘʨʥʦʤʘʩʠ Scientific Bulletin 

of NamSU- -NamDU ilmiy axborotnomasi. ISSN: 2181-0427. Jornal.namdu.uz 2023-

yil, 8-son. ʩʪ. 103-107  

4. X.S. Daliyev, Z.M. Xusanov. Formation and study of the properties of the compound of 

iron disilicide in single-crystal silicon. // World Journal of Engineering Research and 

Technology wjert, 2023, Vol. 9, Issue 7, 38-42. 

 

 

CALCULATION OF THE ON -OFF TIME OF A TUNNEL DIODE BASED ON 

THE NOTT AND DE -MASSA THEORY  

 

M.K.Uktamova1,  1A.A.Mamatshoyev1, Z.Weber2. 
1Namangan State Technical University, 12 Islam Karimov Street, 

Namangan 160103, Uzbekistan. 
2Ohio State University, USA. 

gmail: umk9391@gmail.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 I 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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In this study, we theoretically examined the dependence of the tunnel transition time on  

for a tunnel diode. 

According to the Nott and De Mass theory, the 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 Vp, as well as the minimum current VI  and its corresponding voltage VV . These variations 

are expressed by equation (1). 

 

(1) 

The switching time of a tunnel diode can be expressed using the following equation 

(Equation 2): 

 

(2) 

Where  is the tunnel switching time and C is the diffusion capacitance. 

Yanôs experiments on germanium-based tunnel diodes provided multiple experimental 

graphs. Among these graphs, the relationship between the tunnel switching time and the peak-to-

minimum current ratio-  was also included (Figure 1). 

 
Figure 1. Experimental graph of the tunnel 

switching time-to-current rati o for a germanium-

based tunnel diode. 

 

 
Figure 2. Theoretical confirmation of 

the dependence of tunnel switching 

time on experimental data.Based on 

Y. Yanôs 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). 

 

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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ʂʨʝʤʥʠʡ (Si) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ. 

ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʢʦʩʤʦʩʝ, ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ 

ʠʣʠ ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ ʢʨʝʤʥʠʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʪʴʩʷ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ[1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʝʤʥʠʷ, 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʨʦʜʠʝʤ ʩ ʧʦʤʦʱʴʶ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷï ʵʪʦ ʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʚʝʱʝʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʥʝʫʧʨʫʛʦʤ ʨʘʩʩʝʷʥʠʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ (ʦʙʳʯʥʦ, ʣʘʟʝʨʘ) ʤʦʣʝʢʫʣʘʤʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʝʙʘʪʝʣʴʥʳʭ, 

ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ ʤʦʣʝʢʫʣ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʤʦʱʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʝʤʥʠʡ n-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ (n-Si) 

ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 40 ʆʤĿʩʤ, ʚʳʨʘʱʝʥʥʳʡ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʬʦʩʬʦʨʘ ʚ ʠʩʭʦʜʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ n-Si ʩʦʩʪʘʚʣʷʣʘ 

8Ĭ1013õ7Ĭ1014ʩʤï3. ʃʝʛʠʨʦʚʘʥʠʝ ʢʨʝʤʥʠʷ ʨʦʜʠʝʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʠʬʬʫʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩ 

ʥʘʧʳʣʝʥʠʝʤ ʘʪʦʤʦʚ ʨʦʜʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʝʤʥʠʷ ʚ ʦʪʢʘʯʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʊ = 1100õ1200 ʦʉ ʚ ʪʝʯʝʥʠʝ 3õ5 ʯʘʩʦʚ.  

ɺ ʨʠʩʫʥʢʝ 1. ʧʦʢʘʟʘʥʳ ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʳʭ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʨʝʤʥʠʝʚʳʭ 

ʦʙʨʘʟʮʦʚ. ʅʘ ʈʘʤʘʥʦʚʩʢʦʤ ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʧʠʢʠ ʧʨʠ 305, 521 ʠ 

ʰʠʨʦʢʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 913-1039 ʩʤ-1, ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢʫʙʠʯʝʩʢʦʤʫ ʢʨʝʤʥʠʶ. ʅʘʤ 

ʠʟʚʝʩʪʥʦ [2], ʯʪʦ ʚ ʢʨʝʤʥʠʠ ʩ ʢʫʙʠʯʝʩʢʦʡ ʘʣʤʘʟʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘʙʣʶʜʘʶʪʩʷ ʦʜʠʥ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦ-ʘʢʪʠʚʥʳʡ ʬʦʥʦʥ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʦʣʥʦʚʦʤʫ ʯʠʩʣʫ 

520Ñ1 ʩʤï1 (LTO), ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʝʡ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʠ. 

 

ʘ)  ʙ)  

ʈʠʩ.1. ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʢʨʝʤʥʠʷ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʨʦʜʠʝʤ.  

 

ʆʙʥʘʨʫʞʝʥʥʦʝ ʢʦʣʝʙʘʥʠʝ ʧʨʠ 304 ʩʤï1 ʥʘ ʂʈʉ-ʩʧʝʢʪʨʘʭ ʢʨʝʤʥʠʷ ʩʦʛʣʘʩʥʦ [2,3] 

ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʜʦʣʴʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʤʦʜʝ. ʐʠʨʦʢʠʡ ʧʠʢ ʚ ʜʠʘʧʘʟʦʥʝ 913ï1039 ʩʤï1 ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ [4] ʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ [5] ʢʨʝʤʥʠʷ. ɼʘʥʥʦʝ ʢʦʣʝʙʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʩʝʷʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʧʝʨʝʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʬʦʥʦʥʦʚ (2TO) ʠ ʠʭ ʦʙʝʨʪʦʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ [6]. 

ɼʘʣʴʥʝʡʰʝʝ ʣʝʛʠʨʦʚʘʥʠʝ ʢʨʝʤʥʠʷ  ʘʪʦʤʘʤʠ ʨʦʜʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʠ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʈʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ.  ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʩʥʦʚʥʦʛʦ ʧʠʢʘ ʧʨʠ 521 ʩʤ-1 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ      

1100 0ʉ  ʚ 1.17 ʨʘʟ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 0ʉ ʚ 1.55 ʨʘʟ, ʘ ʟʥʘʯʝʥʠʝ ʝʛʦ ʰʠʨʠʥʳ ʥʘ 

ʧʦʣʫʚʳʩʦʪʝ (FWHM) ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ(ʨʠʩ.1ʘ). ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ ʣʝʛʠʨʦʚʘʥʠʷ 

ʢʨʝʤʥʠʷ ʨʦʜʠʝʤ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʦʤʧʣʝʢʩʳ ʩ ʜʝʬʝʢʪʘʤʠ ʚ ʢʨʝʤʥʠʠ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ 

ʥʝʫʧʨʫʛʠʝ ʧʦʪʝʨʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʨʘʩʩʝʷʥʠʷ, ʫʩʠʣʠʚʘʝʪ ʩʚʷʟʠ ʚ 

ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʢʨʝʤʥʠʷ ʠʟ-ʟʘ ʚʩʪʨʦʡʢʠ ʘʪʦʤʦʚ Rh. 
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 ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʧʠʢ  

ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ 245 ʩʤ-1 (ʨʠʩ.1b). ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʠʢʘ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʥʝʜʨʝʥʠʝʤ ʘʪʦʤʦʚ ʨʦʜʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʝʤʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʩʠʣʠʮʠʜʘ ʨʦʜʠʷ (RhSi) ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʠʬʬʫʟʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʦʜʠʡ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʝʤʥʦʛʠʭ ʧʨʠʤʝʩʝʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ Si, ʦʙʨʘʟʫʶʱʠʭ ʤʫʪʥʦʩʪʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ Si [7]. ʇʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʜʠʬʬʫʟʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʥʝʜʨʝʥʥʦʛʦ Rh. ɿʘʢʘʣʢʘ ʦʙʨʘʟʮʦʚ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʦʜʠʝʤ, ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʠʬʬʫʟʠʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʨʦʜʠʷ. 
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ὃό ὛὭὕὛὭ TUNNEL DIODI TUNNELLANISH EHTIMOLLIGINING 

POTENSIAL TOóSIQ BALANDLIGIGA BOGóLIQLIGI 

 

M.G. Dadamirzayev, M.O. Kosimova, A.K.Góaniyeva. 

Namangan muhandislik-qurilish instituti 

 

Kvant mexanikasida tunnellanish ehtimolligi Wentzel-Kramers-Brillouin yaqinlashuvi 

yordamida hisoblanadi. Wentzel-Kramers-Brillouin usuli klassik jihatdan taqiqlangan sohalarda 

toólqin funksiyasining eksponensial kamayishini ifodalaydi[1]. Bunga koôra, tunnel ehtimolligi 

quyidagicha aniqlanadi: 

Ὕ Ὡ
᷿

 (1) 

bu yerda ὼ va ὼ potensial toôsiqning chegara nuqtalari, k(x) toólqin vektori: 
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Ὧ
ςάὟὼ Ὁ

ᴐ
 (2) 

Agar, potensial barier balandligi Ὗὼ Ὁ ή• ga teng boólsa, integral quyidagicha 

yoziladi 

ὯὼὨὼ
ςάή•

ᴐ
Ὠὼ

ςάή•

ᴐ
Ὠ (3) 

(2) ni ρ ifodaga olib borib qoôysak, ὃό ὛὭὕὛὭ tunnel diodi uchun tunnellanish 

ehtimolligi uchun quyidagi ifodaga ega boôlamiz. 

Ὕ Ὡ ᴐ  
(4) 

(4) ifodadan koôrinib turibdiki, ὃό ὛὭὕὛὭ tunnel diodlarining tunnellanish ehtimolligi 

potensial toôsiq balandligi va kengligiga hamda modda turiga bogôliq ekan.[1] 

 
1-rasm. Tunnellanish ehtimolligining potensial toósiq balandligiga bogôliqligi 

 

Yuqoridagi (4) ifodadan foydalanib ὃό ὛὭὕὛὭ tunnel diodlarining tunnellanish 

ehtimoligini potensial to ósiq kengligini turli qiymatlarida potensial toósiq balandligiga 

bogóliqligini grafik orqali ifodaladik. Grafikdan koórinib turibdiki, potensial toósiq balandligi 

oshgan sari tunnellanish ehtimolligi eksponensial kamayadi. Shuningdek, potensial toósiq 

kengligining ham tunnellanish ehtimolligiga taôsiri sezilarli darajada ekanligi namoyon boóladi. 

Katta potensial toósiqlarda elektronlarning tunnellanish ehtimolligi juda kichik boólib qoladi, bu 

esa tunnel diodlarning ishlash samaradorligiga taôsir koórsatadi. Tunnel diodlarining tunnellanish 

xususiyatlari ularning mikroelektronika sohasidagi muhim oórnini belgilaydi. Tunnel diodlar 

ultratezkor elektron qurilmalarda, past quvvat sarflaydigan mikrosxemalarda va yuqori chastotali 

generatorlarda keng qoóllaniladi[2].  

Tunnel diodlarining ishlash samaradorligi potensial toósiq balandligi va kengligiga bevosita 

bogóliq ekanligi aniqlandi. Potensial toósiq balandligi oshganda tunnellanish ehtimolligi keskin 

kamaydi, bu esa tunnel diodlarining ishlash parametrlarini yaxshilashda muhim ahamiyatga 

egaligini koórsatadi. Bundan tashqari, potensial toósiq kengligi ham tunnellanish ehtimolligiga 

taôsir qilishi aniqlangan. Toósiq kengligi ortishi natijasida elektronlarning tunnellanish ehtimolligi 

sezilarli darajada kamayadi, bu esa material tanlashda muhim omil hisoblanadi. Ushbu tadqiqot 

natijalari tunnel diodlarning samaradorligini oshirish va ularni turli xil mikroelektronika 

qurilmalarida qoóllash imkoniyatlarini kengaytirishga xizmat qiladi. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸʉʉɽʗʅʀʗ ʀʆʅʆɺ ʉʆ ʉʊʋʇɽʅʏɸʊʆʁ ʇʆɺɽʈʍʅʆʉʊʀ 

ɼɺʋʍʂʆʄʇʆʅɽʅʊʅʓʍ ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ 

 

ʄ.ʂʘʨʠʤʦʚ1, ʄ.ʆʪʘʙʘʝʚ1 
1ʋʨʛʝʥʯʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʡr ʫʥʠʚʝʨʩʠʪʝʪ, ʋʨʛʝʥʯ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʥʘʨʫʞʝʥʦ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ, ʨʝʟʦʥʘʥʩʥʦʝ 

ʜʝʢʘʥʘʣʠʨʦʚʘʥʠʝ ʠʦʥʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʦʩʝʚʳʭ ʚ ʧʣʦʩʢʦʩʪʥʳʝ ʢʘʥʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʚ 

ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʩʢʘʯʢʝ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʘʥʘʣʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ 

ʧʝʨʠʦʜʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʦʥʦʚ ʚ ʢʘʥʘʣʘʭ ʩ ʚʨʝʤʝʥʝʤ ʧʨʦʣʝʪʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʘʪʦʤʥʳʤʠ ʮʝʧʦʯʢʘʤʠ. ʕʪʦʪ ʵʬʬʝʢʪ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʠ ʜʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ. 

ʆʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʭʘʨʘʢʪʝʨʥʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʩʧʝʢʪʨʦʚ, ʠʟʤʝʨʝʥʥʳʭ ʚ 

ʫʩʣʦʚʠʷʭ ʦʩʝʚʦʛʦ ʢʘʥʘʣʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʠʢʦʚ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʧʦʚʳʰʝʥʠʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʭʦʜʘ ʨʘʩʩʝʷʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʥʝʦʙʣʫʯʝʥʥʳʤ 

ʢʨʠʩʪʘʣʣʦʤ.  ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʨʘʩʩʝʷʥʠʷ 

ʠʦʥʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʜʚʝ ʛʨʫʧʧʳ ʜʝʬʝʢʪʦʚ: ʜʝʬʝʢʪʳ ʙʣʦʢʠʨʫʶʱʝʛʦ ʪʠʧʘ 

(ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ, ʠʭ ʩʢʦʧʣʝʥʠʷ) ʠ ʜʝʬʝʢʪʳ ʧʨʦʪʷʞʝʥʥʦʛʦ ʪʠʧʘ (ʜʠʩʣʦʢʘʮʠʠ, ʜʝʬʝʢʪʳ 

ʫʧʘʢʦʚʢʠ, ʧʫʟʳʨʴʢʠ ʠ ʪ.ʜ.), ʢʦʪʦʨʳʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʥʘʣʠʟʠʨʫʶʱʠʤ ʧʫʯʢʦʤ 

ʚʳʟʳʚʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʜʝʢʘʥʘʣʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ. ʏʘʩʪʠʮʳ, ʟʘʭʚʘʯʝʥʥʳʝ ʚ ʢʘʥʘʣ ʧʦʢʠʜʘʶʪ 

ʝʛʦ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʧʨʠ ʜʝʢʘʥʘʣʠʨʦʚʘʥʠʠ ʯʘʩʪʠʮ.  

ʀʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʪʨʘʝʢʪʦʨʠʠ ʜʝʢʘʥʘʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʝʥʠ 

ʚʝʩʴʤʘ ʚʝʣʠʢ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦʙ  ʵʥʝʨʛʠʠ ʠ ʤʝʩʪʘ ʧʦʣʦʞʝʥʠʷ ʠʦʥʘ. 

ʅʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʪʨʘʝʢʪʦʨʠʷ ʜʝʢʘʥʘʣʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ Ne+ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʠ 

ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ Inʈ(100)<110> ʩ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ɽ0=5 ʢʵɺ, ʧʨʠ ʫʛʣʝ 

ʩʢʦʣʴʞʝʥʠʷ y=70 . 

ʇʨʠ ʩʢʦʣʴʟʷʱʝʤ ʧʘʜʝʥʠʠ ʠʦʥʦʚ ʥʘ ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʨʘʩʩʝʷʥʠʷ  ʠʦʥʦʚ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʚ ʢʘʥʘʣʠ  ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʘʪʦʤʦʚ  

Ga ʠ ʈ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʥʘʣ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʸʪ ʤʦʥʦʘʪʦʤʥʳʭ 

ʩʪʫʧʝʥʝʢ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʘʪʦʤʦʚ ʈ.  

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʝʢʘʥʘʣʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ Ne+ ʧʨʠ 

ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ Inʈ(100)<110> ʩ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ɽ0=5 ʢʵɺ, 

ʧʨʠ ʫʛʣʝ ʩʢʦʣʴʞʝʥʠʷ y=70. 

ɺʠʜʥʦ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʷ ʜʝʢʘʥʘʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʠʤʝʝʪ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʪʨʘʝʢʪʦʨʠʶ, 

ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʪʦʣʢʥʦʚʝʥʠʠ ʠʦʥʘ 

ʩ ʘʪʦʤʘʤʠ ʦʜʥʦʛʦ ʨʷʜʘ.  
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ʅʘʰʠ ʨʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʝʢʘʥʘʣʠʨʦʚʘʥʥʳʝ ʠʦʥʳ Ne+  ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʘʪʦʤʥʳʤʠ ʮʝʧʦʯʢʘʤʠ ʨʘʚʝʥ 60, ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ 

ʠʦʥʘ ʚ ʢʦʥʮʝ ʩʪʦʣʢʥʦʚʝʥʠʷ q=85,420, ʵʥʝʨʛʠʷ ʜʝʢʘʥʘʣʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ ɽ= 567 ʵɺ, ʥʝʫʧʨʫʛʠʝ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ɽ =1160 ʵɺ, ʫʧʨʫʛʠʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ɽ =3273 ʵɺ, ʜʣʠʥʘ ʧʨʦʙʝʛʘ ʠʦʥʘ ʚʥʫʪʨʠ 

ʢʘʥʘʣʘ ʨʘʚʥʘ ʢ   -247,04 ¡. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ ʜʝʢʘʥʘʣʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʩʪʦʣʢʥʦʚʝʥʠʷ. 

 
ʈʠʩ.1.ʍʘʨʘʢʪʝʨʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʝʢʘʥʘʣʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ Ne+ ʧʨʠ 

ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ Inʈ(100)<110> ʩ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ɽ0=5 

ʢʵɺ ʧʨʠ ʫʛʣʝ ʩʢʦʣʴʞʝʥʠʷ y=70 [217] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʨʘʩʩʝʷʥʠʷ ʠʦʥʦʚ Ne+ ʧʨʠ ʠʭ ʩʢʦʣʴʟʷʱʝʤ 

ʧʘʜʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪ  ʤʦʥʦʢʨʠʩʪʘʣʣʘ InP(100), ʠʤʝʶʱʠʝ ʜʝʬʝʢʪʳ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʦʙʣʘʩʪʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʬʝʢʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʨʘʩʩʝʷʥʠʷ ʠʦʥʦʚ.  

ʅʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʧʘʜʘʶʱʠʭ ʯʘʩʪʠʮ 

ʛʣʫʙʞʝ ʚ ʢʨʠʩʪʘʣʣ. ʕʪʠ ʯʘʩʪʠʮʳ ʣʠʙʦ ʦʩʪʘʶʪʩʷ ʚ ʢʨʠʩʪʘʣʣʝ, ʣʠʙʦ ʦʪʨʘʞʘʶʪʩʷ ʩ ʛʣʫʙʦʢʠʭ 

ʘʪʦʤʥʳʭ ʩʣʦʸʚ. ʇʨʠ ʦʪʨʘʞʝʥʠʠ ʠʦʥʦʚ ʦʪ ʥʠʞʥʠʭ ʩʣʦʝʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʦʞʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʦʙʲʷʩʥʝʥʠʡ 

ʧʨʦʮʝʩʩʦʚ ʢʘʥʘʣʠʨʦʚʘʥʠʷ, ʜʝʢʘʥʘʣʠʨʦʚʘʥʠʷ, ʠʤʧʣʘʥʪʘʮʠʠ ʠ ʤʥʦʛʦʢʨʘʪʥʘʷ 

ʧʝʨʝʬʦʢʫʩʠʨʦʚʢʠ.  

ɸʥʘʣʠʟʠʨʦʚʘʥʳ ʫʛʣʦʚʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʝʷʥʥʳʭ ʯʘʩʪʠʮ ʩ 

ʜʝʬʝʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʨʘʩʩʝʷʥʠʷ ʠʦʥʦʚ ʠʜʝʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʨʘʩʩʝʷʥʠʝ ʠʦʥʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ 

ʚʧʣʦʪʴ ʜʦ qÒ1800. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʢʦʚ ʚ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ  

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʨʘʩʩʝʷʥʥʳʭ ʯʘʩʪʠʮ, ʦʙʫʩʣʦʚʣʝʥʦ ʜʝʢʘʥʘʣʠʨʦʚʘʥʥʳʤʠ ʠʦʥʘʤʠ, 

ʦʪʨʘʞʝʥʥʳʭ ʩ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʢʨʠʩʪʘʣʣʘ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʜʝʬʝʢʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʙʦʤʙʘʨʜʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ 

ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʪʨʘʝʢʪʦʨʠʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʫʛʣʦʚʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʝʷʥʥʳʭ ʯʘʩʪʠʮ.  
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The study presents the results of investigating the effect of UV radiation on the relaxation 

characteristics of metalïdielectricïsemiconductor (MDS) structures. The structures were prepared 

by dry thermal oxidation of a silicon crystal (crystallographic orientation [101], KEF-5) at a 

temperature of 800ÁC for 30 minutes. To form the MDS structure, aluminum was deposited onto 

the SiO  surface (control electrode) and the semiconductor substrate (ohmic contact). The control 

electrode surface area was 0.1 cmĮ. 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 -100ÁC, after the applied voltage to the structure was switched 

from 12V to 24V, is presented in Figure1. 

 
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. 

mailto:bmphddsc1991@gmail.com


 

I ʐɶʒɹɸ. ʗʈʀʄɶʊʂɸɿɻʀʏʃɸʈ ʌʀɿʀʂɸʉʀ ɺɸ ʗʈʀʄɶʊʂɸɿɻʀʏʃɸʈ 

ʄɸʊɽʈʀɸʃʐʋʅʆʉʃʀɻʀ ʄʋɸʄʄʆʃɸʈʀ 
 

77 

 

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. 

 

 

 
Figure 2. Dependence of electron mobility speed on potential under the influence 

of ultrasound in the Metal-Glass-Semiconductor structure 

 

 
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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ɸʥʥʦʪʘʮʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʝʤʥʠʡ ʩ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ p-ʪʠʧʘ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʠʤʝʩʥʦʡ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ l=1,5 ï 2 ʤʢʤ. ʆʧʨʝʜʝʣʝʥʳ  

ʦʧʪʠʤʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦ 

ʙʦʣʴʰʘʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʩʨʘʚʥʠʤʘʷ ʩ ʩʦʙʩʪʚʝʥʥʦʡ, ʚ ʦʙʣʘʩʪʠ l=1,5 ï 2 ʤʢʤ. ɼʘʞʝ 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (T=300 K), ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʚʳʩʦʢʦʡ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ l=1,7ï1 ʤʢʤ, ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʪʴ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʬʦʪʦʧʨʠʝʤʥʠʢʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʝʤʥʠʡ, ʢʣʘʩʪʝʨ ʤʘʨʛʘʥʮʘ, ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʚ ʩʠʩʪʝʤʝ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʪʦʧʨʠʸʤʥʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʦʙʣʘʩʪʠ l=1,5 ï 2 ʤʢʤ [1-2-

3]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʠʝ ʬʦʪʦʧʨʠʝʤʥʠʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ɸ3ɺ5 [4-5-6]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʝʤʥʠʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ ʜʣʷ  

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʚ ʫʢʘʟʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʥʝʚʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ [7]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʝʤʥʠʷ ʩ 

ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʬʦʪʦʧʨʠʝʤʥʠʢʠ ʚ ʦʙʣʘʩʪʠ l=1,5 ï 2 ʤʢʤ. 

ʋʩʣʦʚʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʣʠʩʴ ʩ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʧʦʩʣʝ ʣʝʛʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʳ p-ʪʠʧʘ [8-9] ʧʨʦʚʦʜʠʤʦʩʪʠ  ʩ r=103õ104 ÝĿcm, ʪʘʢ-ʢʘʢ ʚ ʪʘʢʠʭ 

ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

ɼʠʬʬʫʟʠʷ ʤʘʨʛʘʥʮʘ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T=1075õ1080 C̄ 

-ʚ ʪʝʯʝʥʠʝ 70õ90 ʤʠʥʫʪ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʝʟʢʠʤ ʦʭʣʘʞʜʝʥʠʝʤ[10]. ʇʦʩʣʝ ʜʠʬʬʫʟʠʠ  
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ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʠʟʢʦʦʤʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʵʬʬʝʢʪʘ ʍʦʣʣʘ. ʆʩʥʦʚʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣ. 1. 

1 ʊʘʙʣʠʮʘ. ʆʩʥʦʚʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

 ̄ ʋʜʝʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ɟ, ÝÖcm 

ʂʦʥʮʝʥʪʨʘʮʠ

ʷ ʥʦʩʠʪʝʣʝʡ 

N, cm -3 

ʇʦʜʚʠʞʥʦʩʪʴ 

Õ, cm 2/VÖc 

ʇʦʣʦʞʝʥʠʝ 

ʫʨʦʚʥʷ ʌʝʨʤʠ 

F, eV 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʜʠʬʬʫʟʠʠ 

Tdiff Áʉ 

1 5Ā103 1,3Ā1013 96 0,36 1075 

2 6,3Ā103 1,78Ā1013 55 0,35 1078 

3 5,8Ā104 1,6Ā1012 67 0,41 1081 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʦʙʣʘʩʪʠ 

l=1,5õ2 ʤʢʤ. ʆʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʢʨʠʦʩʪʘʪ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʢʠ ʀʂʉ-21. 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʜʠʥʘʢʦʚʫʶ ʤʦʱʥʦʩʪʴ ʧʘʜʘʶʱʝʛʦ ʀʂ ʠʟʣʫʯʝʥʠʷ (P=10-5 ɺʪ) ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʣʠʙʨʦʚʘʥʥʳʝ ʩʝʪʯʘʪʳʝ ʬʠʣʴʪʨʳ. 

ɸ ʯʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʧʦʧʘʜʘʥʠʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʬʦʥʦʚʦʛʦ ʩʚʝʪʘ ʥʘ ʦʙʨʘʟʝʮ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʬʠʣʴʪʨ ʠʟ ʧʦʣʠʨʦʚʘʥʥʦʡ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ 380 ʤʢʤ ʧʝʨʝʜ 

ʦʢʥʦʤ ʢʨʠʦʩʪʘʪʘ. ʇʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴ ʀʂ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ 

ʚʦʣʥ  ʙʳʣʘ 10-5 ɺʪ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʪʦʪʦʢʘ ʚ ʠʥʪʝʨʚʘʣʝ 

l=1,5õ2 ʤʢʤ. ʆʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ  

ʠʥʪʝʨʚʘʣʝ ʩʧʝʢʪʨʘ ʬʦʪʦʪʦʢ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ, ʥʝ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ 

ʧʨʠʤʝʩʥʦʡ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ ʜʦ hn=1 ʵɺ, ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʨʦʩʪʫ ʬʦʪʦʪʦʢʘ. ɼʘʞʝ ʩʥʷʪʠʝ ʢʨʝʤʥʠʝʚʦʛʦ ʬʠʣʴʪʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʬʦʪʦʪʦʢʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ 

hn=0,65õ0,78 ʵɺ ʦʙʨʘʟʝʮ ʦʙʣʘʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʡ ʞʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʢʘʢ ʧʨʠ 

ʩʦʙʩʪʚʝʥʥʦʤ ʧʦʛʣʦʱʝʥʠʠ. 
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ʈʠʩ. 1. ʉʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

 

ʂʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʧʨʠʝʤʥʠʢʘ. 

ʂʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (QE) ï ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʯʠʩʣʘ ʥʦʩʠʪʝʣʝʡ 



 

I ʐɶʒɹɸ. ʗʈʀʄɶʊʂɸɿɻʀʏʃɸʈ ʌʀɿʀʂɸʉʀ ɺɸ ʗʈʀʄɶʊʂɸɿɻʀʏʃɸʈ 

ʄɸʊɽʈʀɸʃʐʋʅʆʉʃʀɻʀ ʄʋɸʄʄʆʃɸʈʀ 
 

80 

 

ʟʘʨʷʜʘ (Np) ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʦʙʨʘʟʮʘ, ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʧʦʛʣʦʱʝʥʥʳʭ ʬʦʪʦʥʦʚ 

(Nph). 

ʊʘʢ ʢʘʢ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʬʦʪʦʧʨʠʝʤʥʠʢʘ  ʥʝʠʟʚʝʩʪʥʦ, ʪʦ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʚʳʯʠʩʣʷʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʬʦʪʦʵʬʬʝʢʪʘ, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʢʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ QE ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʧʘʜʘʶʱʠʭ ʬʦʪʦʥʦʚ. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʚ 

ʦʙʣʘʩʪʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩʯʠʪʘʣʩʷ ʨʘʚʥʳʤ 25%. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2 ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʬʦʪʦʧʨʠʝʤʥʠʢ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ ʩ 

ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʚʘʥʪʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ QE ʧʦʨʷʜʢʘ 

~25% ʜʦ ʜʣʠʥʳ ʚʦʣʥʳ 1,5 ɛm ʠ ʦʢʦʣʦ 2 % ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 2 ɛm. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠʤʝʩʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʨʝʤʥʠʷ ʩ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʭ ʤʘʪʨʠʯʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 2 ɛm. 
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ʈʠʩ. 2 ɿʘʚʠʩʠʤʦʩʪʴ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

 

 ʊʘʢʘʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʘʷ ʧʨʠʤʝʩʥʘʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʨʝʤʥʠʡ ʩ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʤʘʨʛʘʥʮʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʀʂ-ʧʨʠʝʤʥʠʢʦʚ ʚ 

ʦʙʣʘʩʪʠ l=1,5õ2 ʤʢʤ. 
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Bi2(BVI)3 VA Sb2(BVI)3, (BVI-Se, Te) ASOSIDAGI BIRIKMALAR NING   TUZILISHI  

  

K.I.Góaynazarova 

Farg`ona davlat universiteti 

 

Soóngi yillarda fan va texnikaning keng rivojlanishi natijasida yarimoótkazgich materiallarga 

boólgan talab, elektr energetikaning texnologiyalar boóyicha kelajakda elektr taôminotida 

qilinadigan ishlarni keng koólamini ochib bermoqda. Ular asosida yarimoótkazgich asboblar, 

energiya oózgartirgich asboblar, avtonom tok manbalari termobatareyalari, kompyuter- texnikasi 

kabi asboblarda keng qoóllanilmoqda. Bularning hammasi termoelektrik materiallarini olish 

texnologiyasi turlicha usullarda amalga oshirilsa, bu usullarda olingan materiallarning 

xarakteristkalari ham turlicha boóladi. 

Shunga koóra termoelektrik material olish usullarning oóziga xos yutuq va kamchiliklari 

mavjud. Shuning uchun inert gaz bosimi ostida 3232 TeSbTeBi -  termoelektrik materialini olishni 

koórib oótamiz. Maôlumki qotishmaga kiruvchi moddalar turli zavodlarda ishlab chiqiladi, ularning 

tozalik darajasi ham turlicha boóladi. 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 oótkazuvchanligi sezilarli darajada farq qilishi 

mumkinligi sabab, qotishma tarkibi kata ahamiytga ega hisoblanadi. n-tipli vismut telluridi va 

vismut selenid qotishmasi termoelektrik parametrlari p-tipli materiallar kabi emas. Bunga sabab, 

qotishma tarkibi murakkab kristall panjaraga ega ekanligi va undagi issiqlik o'tkazuvchanligidir.  

Vismut telluridi o'zining issiqlik o'tkazuvchanligi pastligi tufayli xona haroratida 

qo'llanilishi uchun asosiy termoelektrik materialdir [1].  

Bi2Te3īxSex kristall strukturasi X(1) ï Bi ï X(2) ï Bi ï X(1) ning beshta qatlamlaridan iborat 

boólib, bunda X Te yoki Se ni ifodalaydi va qavs ichidagi son ikki vismut orasidagi belgini 

bildiradi. X(2)  oórnini Se egallaydi va qotishma Bi2Te2Se tarkibida tartiblangan birikma hosil 

qiladi. 
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Vismut telluridi, vismut selenidi tetradimit kristalli tuzilishga ega.  

X(1) ï Bi ï X(2) ï Bi ï X(1) 

Bu yerda qavs ichidagi raqam ikkita xalkogen (X) joylarini bildiradi. X(1)  halkogen atomlari 

uchta Bi atomi bilan kovalent bog'langan va boshqa uchta X(1)  atomlari bilan zaifroq Van der 

Waals kuchlari bilan bog'langan. Vismut atomlari halkogen atomlari tomonidan oktaedral, X(2) 

atomlari esa Bi tomonidan oktaedraldir.  

Bi- X(1) bogᾶlanish kovalent bogᾶlanish, Bi- X(2) bogᾶlanish esa ionli bogᾶlangan.  Har bir 

xalkogenning bog'lanishdagi farqi kristall panjaraning elektr va issiqlik xususiyatlariga sezilarli 

ta'sir ko'rsatadi. 

 
1-rasm.  Bi2Te2Se kristall tuzilishi. 

 

Bu oóziga hoslik Bi2Te3 da tartibga solingan birikma hosil boólishiga olib keladi, u qotishma 

paytida xalkogen joyi oózgaradigan chegara nuqtasi boólib xizmat qiladi.  

Bi2Te2Se kristall tuzilishi olimlarimiz tomonidan juda koóp oórganilgan. Lekin, 300 Á C ga 

yaqin haroratlarda faza x = 0,5 va x = 1,4 ga yaqin birikmalarga ega bo'lgan ikkita birikmaga 

bo'linadi.  

n-tipli Bi 2Te3īxSex qotishma tizimini shundan ham murakkab kristall tuzilishga ega 

ekanligini bilish mumkin. 

Qotishmada vismut miqdorini ortishi bilan uning kristall tuzilishi oózgarib 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 taôsir qiladi. quyidagi sharoitlarga amal qilish zarur: tigel 

materiali erishini qayt etmaslik kerak: u oksidlanishdan saqlanishi zarur; tushib qolgan begona 

atomlar tigel devorini hoóllamasligi kerak.  
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Elektr maydon qoôyilgandagi taôsirga material taôsiri xarakterini yassi kondensator 

misolida osongina tasavvur etish mumkin.Shunday kondensatorni vakuumda d masofada 

joylashgan plastinalariga oózgarmas potensiallar farqi qoôyilgan boôlsin. Chekkalaridagi 

effektlarni hisobga olmay aytish mumkinki, E-elektr maydoni plastinalar orasida bir jinsli vaὉ

 kattalikka teng. Aytish kerakki elektr maydoni faqat katalikka emas, balki yoônalishga ham ega, 

shuning uchun Ὁᴆ belgilash bilan uni toôla vektor kattalik deb ataymiz. Uning komponentlari Ὁ, 

Ὁ, Ὁ. Koôrilayotgan xolda maydon plastinaga perpendikulyar yoônalgan va Kulon qonuniga 

koôra plastinalardagi zaryadlar +Q va ïQ zichligi maydonga togôri proporsional yaôni ὗ ‐Ὁ. ‐ 

- vakuumda dielektrik kirituvchanlik deyiladi. ‐=8,85Ā10-12 F/m. Kondensator sigôimi vakuumda 

birlik yuzasiga C0 zaryad zichligini qoôyilgan kuchlanishga nisbatiga teng. ὅ .  

 

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

dielektrik borligida.  

 Endi plastinalari orasida bizni qiziqtirgan material boôlgan xolni koôramiz 1-rasm (b). 

Qoôyilgan kuchlanish taôsiri ostida materialdagi zaryadlar (elektron va pratonlar) qayta 

taqsimlanadi. Chunki musbat zaryadlar manfiy elektrodaga tortiladi va manfiylar aksincha 

musbatga. Bu hodisaga materialni qutblanishi deyiladi. Agar material izotrop boôlsa elektr maydon 

taôsiri har bir elementar dV hajmda PdV dipole momentni yuzaga keltiradi va ular maydonga 

parallel yoônalganlar. Qutblanish P shunday qilib xuddi vektor kattalik kabi aniqlanadi va u tashqi 

maydonni materialda yuzaga keltirgan yoônalishga ega elektr momentini ifodalaydi. Qutblangan 

materialni har bir hajm elementi elektr nuqtai nazaridan ikkita +q va ïq zaryadni ὰ masofada 

maydon boôylab turganini va ὗὰ ὖὨὠ dipol moment momentga egaligini anglatadi. Bu dipollar 

mailto:raximjon2018@gmail.com
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magnetiklarga oôxshab yigôiladi va elektrodga yaqin sirtga +P va ïP zichlik bilan zaryadlar yuzaga 

keladi. Grin teoremasidan foydalanib, materialda bir jinsli qutblanish P evaziga yuzaga kelgan 

maydon chegara sirtga taqsimlangan Pn zaryad mavjudligida hosil boôlgan maydonga ekvivalent 

ekanini qatôiy koôrsatish mumkin. Bu yerda Pn sirtdagi qutblanishni normal 

komponenetasi.Qutblanish mavjudligi, yoki bogôlangan zaryadlar bildiradiki, kondensator 

elektrodlariga katta zaryad zaxiralash mumkin.shunday qilib tizim saigôimi ortadi. Bu sigôimni 

vakuumdagi sigôimga nisbati materialga bogôliq boôlib u unga qutblanish kiritilishi bilan 

aniqlanadi. Bu nisbat qoôyilgan kuchlanishga bogôliq boôlmaydi va oôz navbatida elektr maydonga 

ham uni materialni dielektrik doimiysi deyiladi. Vektor belgilashdan foydalanib quyidagicha 

olamiz. 

‐
‐Ὁᴆ ὖᴆ

‐Ὁᴆ
ρ

ὖᴆ

‐Ὁᴆ
ρ … 

 

Bu yerda … ὖȾ‐Ὁᴆ  elektrik qabul qiluvchilik deyiladi.‐‐Ὁᴆkattalik materialni siljishi D 

deyiladi. U quyidagicha aniqlanadi. 

Ὀ ‐‐Ὁᴆ ‐‐Ὁᴆ ὖȢ 

Bu elektr maydonni asosiy tenglamasi boôlib, izotrop muhitning ixtiyoriy nuqtasida 

bajariladi. ‐‐kattalik materialning absolyut dielektrik kirituvchanligi deyiladi. Yuqoridagi 

dieelktrik doimiy kirituvchanlik ‐˃ deb atash kerak (vakuumdagi dielektrik kirituvchanlikka 

nisbatan).Keyinchalik doimo shu terminni qoôllaymiz. Elektr siljish oqimi ozod zaryadlarda 

boshlanib ularda tugaydi va xatto ikki muhit chegarasida ham uzliksizligi saqlanadi. Elektr 

maydon esa aksincha, ikki muhit chegarasida ulardagi qutblanishlar farq qilgani uchun uzilishga 

uchraydi.Qutblanishni molekulyar darajada qarab aytish mumkinki tashqi elektr maydon taôsiri 

har bir alohida molekulada άᴆ elektr dipolni indutsirlashdan iborat boôlib, elektr maydonni Eᾳ 

mahalliy kuchlanganligiga bogôliq boôladi. άᴆ ‌Ὁᴆ. ‌ïproporsionallik koefitsiyentini 

molekulani qutblanuvchanligi deyiladi. Izotrop molekulalar uchun shu bilan birga inert gazlar ning 

bir atomli molekulalari uchun ham indutsirlangan dipollar yoônalishi oôrtacha xolda tashqi maydon 

yoônalishi bilan mos keladi. 

 

(Chunki lokal maydon, keyinchalik koôrib oôtadiganimizdek, tashqi toôla maydonga toôgôri 

proporsional άᴆ ὧέὲίὸȢὉȡ). Birlik hajmni toôla dipol moment qutblanishi birlik hajmdagi 

nomolekulalar soniga bogôliq ὖᴆ ὔ‌Ὁᴆ. 

 Koôp xollarda molekulalar anizatrop va ularning qutblanuvchanligi tashqi maydon 

yoônalishiga bogôliqligi uchun indutsirlangan dipol yoônalishi tashqi maydon yoônalishi bilan mos 

kelmaydi. 
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SIZE-DEPENDENT ENERGY LEVELS AND BAND GAPS 
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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 

quantum 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 ὯὝ  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) 

ὯὝ ςφάὩὠȢ As a rule of thumb, the separation between the energy levels should be 3 ὯὝ. The 

spacing between the energy levels, ЎὉ, varies as . 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 
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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 
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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 . 
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The expression for the band gap of a 

 quantum dot can then be written as 
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Because of the inverse  ὰ dependence, the positive term is dominant at low values of  ὰ 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. 


