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Masg3y: SlpuM yTKa3rMwid Ba IOKOPH XapoparJu yTa yTKka3rud

MaTepUAVIAPHU THTeJIb épAaMuia YCTHPHUII YCY/LUIAPH

Verupum yeyanapu Ky 66 yaapaan acoCHitIapy KyMIACUra KyHHIariiap KUpajm:
1. To3a Moganap/iad Ba JErupiiaHraH KUPUIIMAJIA YTa TYWUHIaH SpUTMaNIap/iaH YCTUPHIIL.
2. DpuTManap/iad YCTUPHIIL.

3. byr ¢azacunan ycrupum.

CrexnoMeTpuk TapkuOIaru cywok (aszagaH KpUCTAUIApHU YCTUPUII YyCyilapu 2 ra
O6ynunaau. Turenp €paaMuaa YCTUpUIIN YCy/Ulapu Ba THUrelcu3 ycysuiap. by ycyn Oup Heua
Kypunumra 6ynmuHaan. XXymnanan, HyHaNTUPWITaH KPUCTAILIH3AMS YCYIIH, «TOPU30HTAI» Ba
«BEPTHUKaAI» BpUHKMEH yCyiu, COXaau SpUTHII yCYIU Ba HOXpaabCKU yCYIIH.

By ycymnapHUHI aCOCHHM HMCCHKIMKHHA HYHAITHPWITAH XOJIJA Y3aTHUII TAalIKWAJI KHJIAIU.
Bbynra mucou tapukacuza 1-pacmzaa HoxpajibCKuil yCyau KEITHUPUITaH.

Beprukan mnewiap yuyH XapakTepiM Hapca «KpUCTaIM3alusy (GPOHTHHU Ky3aTHII
MYMKHH 5Maciuruaup. SlHa Oup KaMuwidK Yca€TraH KPHCTATHUHT THIJ JI€BOpJapy OwiaH
JOMMUIT KOHTAKT/A 6YIH6 TypHIIHIUp. Y T4aMIapy KepaKIuruua KaTTa MOHOKPHCTALIAP OJIHII
yUyH, OyTYH TE€XHOJIOTHK ’Kapa¢H JaBOMUAA KPUCTAJUTAHUII Yerapacu KaBapyK INAKIUIA OY I
KEpaxK.

ByHUHT yuyH TUrenb AEBOPJIIApUHUHT XapopaTH CyloK (aza XxapopaTuaaH JOUMHUN IOKOPH
Oynmumm kepak. HaTwkana Turens AeBopiapuja NMapa3uT KPUCCTAIIAHUWII MapKaslaph XOCHII
OYMUIIMHUHT OJIIN OJIMHAJIH.

Coxaau yerupuul.  (2-pacmra kapadr). By ycynHuHr Bpumkmen ycynmuman ¢apku
HIyHJAaKH, Oy yCyi/la MKKHWTa Ned MnulaTuiaany, oupn xapoparn T<T,,, HKKMHYHCH XapaKaT4aH
KOHCTPYKIHMSAIM KHUCKa 30Hanmu Xxapopatu T>T,,, By ycynaa spuran Mozajia TUII J€BOpJIApH
OujaH KaMpOK KOHTaKTAAa OYNraHu y4dyH YCTHPHIIAETTaH KpUCTAUT KaMpOK HQIIocIaHaIu.

3pI/IéTFaH Ba DpUTr'aH COXa KAIWMHIIMTHHU Ba YHUHI CHUJDKUII TC3JIUTMHHU ySFapTI/IpI/II_H HUMKOHUATHU

maxkyz. Llysunr yayn Oy yeyn SIYV MaTepuamiapHi SXIIHPOK TO3ATAMI HMKOHHSTHHY Oepaii.

Yoxpaabckuii ycyiau. by ycyn acocan canoar kynamuna Ge Ba Si unuiad yuKapwuiiga
unaruiaanu. 1-pacmaa YoxpaibCkuil yCyTUHUHT TPUHIUINAT cxemacu Oepuirad. FOkopuaaru
ycylJaH YHMHT Gapkiapugan Oupu Oy THrenbcus ycyn OYnubd YcTupuiaérraH KpUCTall
YI4aMHHMA Ha30paT KWIMII MYMKHH, XaMJa YCHII CYpbhaTMHH Ha30paT KWINII HUMKOHHSTH

MaBXKY/I.
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1-pacm. Kpucramnapau YoxpaabCkuii ycyjim OUIaH YCTUPHII KyPUJIMACH.
1 - saxyym éxu unepm 2az myxum,; 2 - KpUCMALIHU MOPMYEYU CINEPIHCEH, 3- dacmaabku
yemupuwinu 6eneunosuu kpucmaii, 4 - ycub 6opaémean Kpucmann; 5 - Keapyoaw KUIUHSAH

mueenv; 6 - wKopu wacmomanu uHOYKmop; 1 - UHOYKYUOH MOK MAbCUPUOA KUZOUPUTYEUU

epagum; 8 - KpeMHULl KPUCMALIU; 9-kpucmannuzayus gpoumu; 10-cyrox

KpeMHUL.

%)

2-pacM. MOHOKPHCTAJIAPHH 3PUTMAJIAPAAH YCTHPUIIHUHT TUTEJIbCH3 YCYJJIapH.
a - Bapmueiin ycynu; 6 - sepmuxan coxaiu spumuwi; 8 — “momyudan’ mopmuws ycyiu, e —
“xyimaxoan” mopmuws ycynu. 1,5 - wmoxnap, 2 kpucmann mauba, 3-spucan xpucmani, 4-
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ycaemean Kpucmaill, V- eav WMOKJIapHUHe aujlanuul mesaukiapu.




Mavzu: Yarim o'tkazgichli va yuqori haroratli o’ta o’tkazgich

materiallarni tigel yordamida o’stirish usullari

O’stirish usullari ko’p bo’lib ulardan asosiylari jumlasiga quyidagilar kiradi:
1. Toza moddalardan va legirlangan kirishmali o’ta to’yingan eritmalardan o’stirish.
2. Eritmalardan o’stirish.

3. Bug® fazasidan o’stirish.

Stexiometrik tarkibdagi suyuq fazadan kristallarni o’stirish usullari 2 ga bo’linadi. Tigel
yordamida o’stirish usullari va tigelsiz usullar. Bu usul bir necha ko’rinishga bo’linadi.
Jumladan, yo’naltirilgan kristallizatsiya usuli, «gorizontal» va «vertikal» Bridjmen usuli, sohali
eritish usuli va Choxralskiy usuli.

Bu usullarning asosini issiglikni yo’naltirilgan holda uzatish tashkil giladi. Bunga misol

tarigasida 1-rasmda Choxralskiy usuli keltirilgan.

Vertikal pechlar uchun xarakterli narsa «Kkristallizatsiya» frontini kuzatish mumkin

emasligidir. Yana bir kamchilik o’sayotgan kristallning tigl devorlari bilan doimiy kontaktda
bo’lib turishidir. O’lchamlari kerakligicha katta monokristallar olish uchun, butun texnologik
jarayon davomida kristallanish chegarasi qavariq shaklli bo’lishi kerak.

Buning uchun tigel devorlarining harorati suyuq faza haroratidan doimiy yuqori bo’lishi
kerak. Natijada tigel devorlarida parazit krisstallanish markazlari hosil bo’lishining oldi olinadi.

Sohali o’stirish. (2-rasmga garang). Bu usulning Bridjmen usulidan fargi shundaki, bu
usulda ikkita pech ishlatiladi, biri harorati T<T,, ikkinchisi harakatchan konstruktsiyali gisqa
zonali harorati T>T,,, Bu usulda erigan modda tigl devorlari bilan kamroqg kontaktda bo’lgani
uchun o’stirilayotgan kristall kamroq ifloslanadi. Eriyotgan va erigan soha galinligini va uning
siljish tezligini o’zgartirish imkoniyati mavjud. Shuning uchun bu usul YaO’ materiallarni
yaxshirog tozalash imkoniyatini beradi.

Choxralskiy usuli. Bu usul asosan sanoat ko’lamida Ge va Si ishlab chigarishda
ishlatiladi. 1-rasmda Choxralskiy usulining printsipial sxemasi berilgan. Yuqoridagi usuldan
uning farglaridan biri bu tigelsiz usul bo’lib o’stirilayotgan kristall o’lchamini nazorat gilish

mumkin, hamda o’sish sur‘atini nazorat gilish imkoniyati mavjud.




1-rasm. Kristallarni Choxpalskiy usuli bilan o’stirish qurilmasi.
1 - vakuum yoki inert gaz muhit; 2 - kristallni tortuvchi sterjen; 3- dastlabki o ’stirishni
belgilovchi kristall; 4 — o’sib borayotgan kristall; 5 - kvartsdan gilingan tigel; 6 - yuqori
chastotali induktor; 7 - induktsion tok ta‘sirida qizdiriluvchi grafit; 8 - kremniy kristalli; 9-

kristallizatsiya fronti; 10-suyuq kremniy.

2-rasm. Monokristallarni eritmalardan o’stirishning tigelsiz usullari.
a - Varneyl usuli; b - vertikal cohali eritish; v — “fomchidan” tortish usuli; g -

“ko’lmakdan” tortish usuli. 1,5 - shtoklar, 2 - kristall manba, 3-erigan kristall, 4-o’sayotgan

kristall, v' va v*! shtoklarning aylanish tezliklari.









