KpeMHMIIIiH KYpaMbl, KYPbLIBICHI KdHE KACHETTEePI

/I{;zpaMbI: 14p*, 14e7, 14n°. \

JJIeKTPOHABIK KoHGurypammscer: 1s%, 2s?, 2p°, 3s%, 3p?
Kacueri:
TOTBIKTBIPFBIIIL: Si’ + 4 —Si*
TOTBIKCHI3JaHABIPFBIILL: Si¥ - 4¢- — Si™

KpemMHui aroMbl CUPEK Karaanaa +2, aja Ko3FaH Kyuae +4,
COHJIali-aK, -4 TOTBIFY JAOPEKEICPIH KOPCETE alajbl.
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AToMpaap apachlHAa OPTAK JICKTPOHIBIK
KYII apKbUIbI TY3UJIETIH OalJIaHbIC
KOBAJICHTTI 0aMJIaHbIC ST aTalaibl.
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DJIEKTPTEPICTLIIK MOHACP1 OTE€ YJIKCH
aToMJap apachlHJa TY3UICTIH OailJIaHbIC -
HOHABIK OaHJaHbBIC JIEI aTalaabl.
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KpucrajaablK TOpAbIH TYPJIEpi:
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. NOHABIK;

. ATOMJBIK;

. MoJsiekynanbik;
. MeTannblK.
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EckepeTiH Hopce OyJI sKepier] KpUCTaIAbIK TOPIapIbIH
eriKTil“iHiH apachlHIa HAKTHI IIEKapa KOK.

KpucranablK TOpAbIH OCPIKTUIINH CaJIbICTapMalibl TYPIEC
ObLIali cumarrayra 0oJIabl:
Amomowvik > Memanowvix > Honowlx > Monexynanvix.
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KpeMHMIiiH a/1Ma3 CUAKThI TETPAIPJIIK KYPbLIbIMbI:
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~ +=Silicon atom
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Silicon dioxide forms a giant covalent structure, similar to
the structure which carbon atoms are arranged in diamonds.
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Korapeigarel cyperTerlt KpEeMHHH JIUOKCHIIHIH
MOJIEKYJIaChIH MAaKpOMOJIEKYJa JACIH arayra OoJiajpbl,
Oym sxkepme Tek Oip faHa S10, MOJICKY/Iachl
kesfecnereH. O xepae S10, Monekynachl O1pHere
peT (MYMKIH IIIEKC13 PET) KanuTallaHa Oepel.

MakpoMoJieKyjla aen — Olp  MOJEKYJIaHbBIH
OlpHEIIE peT KauTajJaHbII KEIylH auTcak OoJIajpbl.
OpranukaiablK XUMHSAJA MYHAAM KOCBUIBICTAP/bI
MOJIMMEPJIIEP ACI TE aTauibl.



KpeMHUIIIH €K1 auIOTPOIMSIIBIK TYp ©3repicl
Oap: KpUCTaIabl KoHe aMmop(dThl. KpucTann KpeMHUi
— METAIABIK KBIITHIPBI 0ap, cyp 3ar. On 1415°C-ta
OaJIKMIbI, DJIEKTP TOIbIH XOHE JKBLIYObl KAKCHI
OTKI3€/1. XUMUIJIBIK OCJICEHII1 EMEC.

AMOp(TBI KpeMHUH — KOHBIP aMOp(dThI yHTaK. OJ1
XUMUSUIBIK ~ JKaFblHAH  KpUCTaJlIblFa  KaparaH]a
OciaceHAl, (TOPMEH, KEHOlp METaIJgapMEH KOHE
OcHMEeTaIIAapPMEH OPEKETTECE/I].



Exi 3JIeMEHTTEH TypaThiH, OHBIH O1peyl MIHAETTI TYpPAE OTTErl OOJIATHIH KYpAeTi
KOCBUIBICTAP — OKCUATEP NI ATAJIA/IBI.
EHl KpeMHUN TUOKCU1 MEH KOMIPTErl JUOKCUAIHIH KYPBUIBICHIH CAJIBICThIPA KETCEK.
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Carbon is able to form double bonds with oxygen, forming a simple molecule.
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Silicon 1s a larger atom than carbon and 1s not able to form double
bonds, instead, each oxygen forms a bond with 2 silicon atoms, and
each silicon forms bonds with 4 oxygen atoms.



KpeMHU# TMOKCHU/II )KIHE OHBIH KYPbLJILIMbI MEH KacHeTi

Kpemuuii orrekneH eki Typial okcua Ty3e anaabsl. Kpemuuit (II) oxkcum S10
KoHe KpeMmHHUM Trokcul S10,. KpeMHHI MOHOOKCH/II TaOMFATTa OK JKOHE 1C
KY31HJE OHILA KOJAaHbUIMAaiabl. MaHBI3[bl KOCBUIBICHI — KPEMHHMH JTHOKCHI1
(kpemHe3em). by monumep 3at, OHbIH KypambiH (S10,) 1en kepceTel.
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Silicon very rarely occurs as the pure free element in nature. It is most
widely distributed in dusts and sands as various forms of silicon dioxide
(silica) or silicates. Over 90% of the Earth's crust is composed of silicate
minerals, making silicon the second most abundant element in the
Earth's crust (about 28% by mass) after oxygen.



KpeMHuii kapOuai ’k9He OHBIH KYPbLJIbIMBI MEH KacHueTi

Kap6u KpeMHNs — GHHApHOE HEOPraHNUeCKOe XHMHUUECKOE
COEIMHEHNE KPEMHUA C yriepoaom. Xumudeckas popmyna SiC. B
IIPUPOJIE BCTPEUYAETCS B BUJIE YPE3BBIYANHO PEIKOTO MUHEPAJIA —
myaccanura. [lopomok kapouga kpeMHus ObL1 TTOJy4YeH B 1893 roxy.
®opmyaa: SiC

IL1oTHOCTHL: 3,21 r/cMm?

Temneparypa nuaasaenusi: 2 730°C

Hazpanue MIOITAK: Silicon carbide

MoJasipuasa macca: 40,11 r/mMomab

KpemHuii kapOWI1HIH €K1HII1 artaybl — KapOopyHa. O
KaTTBUIBIFBI JKaFbIHAH aJIMa3fa Mapa-mnap, ceoe01 KpucTalll
TOPBI Aa aIMAa3AlKl CUSKThI TeTpasap miunHal. OHbI Kalipak
TacTap, TEMIP KOphITHAIAPAbl OHJACHTIH Kypaijap kacay yIIlH
KOJITaHABbI.
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In silicon carbide, each silicon atom forms bonds
with 4 carbon atoms and each carbon atom forms
bonds with 4 silicon atoms.



KpeMHUMTIH Kep KbIPTHICHIHAA TAPAJdybl, KPEMHHI Ke31eCeTiH
MUHepaJaap

TaburarTa Tapanaybl >KarblHaH CajiIMarbl OOMBIHIIIA KPEMHUIM
OTTEKTEH KEWIH ekiHml opbiHAa (27%). Erep kemiprek
OpPTaHUKAJNBIK JYHME DJEMEHTI Oojica, KpPEMHMH  —
MHUHEPAJIJIBIK JYHUE BJIEeMEHTTEp1 Oombin Ta0buiaasl. On 0oc
KyuiHae  ke3gecnenal. KpemHund  TaOurarra KpPEMHHUM
KBbIIIKBUIBIHBIH, TY3/apbl — CHJMKATTAp TYPIHIAEC KE3ICCEIl.
Cunukarrap op Typial MHUHEpaigap (Jajia InmaThl, CIIOAA,
acOeCT) JKOHE Tay >KBIHBICTApPbIH (TPaHUT, 0a3ajabT) KYpau/bl.
Omn ocipece, kpemuesem (S10,) Typiaae kesnecenl. Kpemuesem
KPUCTAIIBI )KOHE aMOP(ThI 00Ia/IbI.



Kpucranablk KpeMHUM — KapThlUlad ©TKI3rim. OHBIH
MeTalllaH aWbIpMaIllbUILIFEI — TeMIIeparypa KeOeureH
CallblH  DJICKTPOTKI3TIITIIT apTa Tycenl. JKapreuiai
OTKI3TII  OOJIFAaHJBIKTAH,  Fapblll  KEMeEJepl  MEH
CIIyTHUKTEPAE KYH OHEPIUSCBIH DJJIEKTP HSHEPrusichbiHA
alHaAJIBIpAThIH KYH Oarapesiapbl PETIHAC KOJJaHAIbI.
KpemHuil (poTosjeMeHTTEP1 ©37epl CIHIPIEH YHEPrUSHBIH
10%-BbIH AJICKTP SHEPIrUAChIHA alHAJIIbIPAIEI.



“A substance, such as germanium or silicon, that has an electrical
conductivity that increases with temperature and 1s intermediate between
that of a metal and an insulator. The behaviour may be exhibited by the
pure substance (intrinsic semi-conductor) or as a result of impurities
(extrinsic semiconductor)”

Silicon as a semi-conductor
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Metals tend to be good conductors of electricity because they
usually have "free electrons" that can move easily between atoms.

All of the outer electrons in a silicon crystal are involved 1n
perfect covalent bonds, so they can't move around. A pure silicon
crystal 1s nearly an insulator -- very little electricity will flow
through it.

But you can change all this through a process called doping.



Doping silicon

You can change the behavior of silicon and turn it into a conductor
by doping it. In doping, you mix a small amount of an impurity
into the silicon crystal.
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N-type semi-conductors

These are doped phosphorus or arsenic, these are added to the
silicon in small quantities. Phosphorus and arsenic each have five
outer electrons. The fifth electron has nothing to bond to, so it's free
to move around. It takes only a very small quantity of the impurity to
create enough free electrons to allow an electric current to flow
through the silicon. N-type silicon 1s a good conductor. Electrons
have a negative charge, hence the name.

P-type semi-conductors
In P-type doping, boron or gallium is the substance added. Boron

and gallium each have only three outer electrons. When mixed into
the silicon lattice, they form "holes" in the lattice where a silicon
electron has nothing to bond to. The absence of an electron creates
the effect of a positive charge, hence the name P-type. Holes can
conduct current. A hole happily accepts an electron from a neighbor,
moving the hole over a space. P-type silicon is a good conductor.



KpeMHuuiiain OYriHri emipae ajarbiH OPHbI.

Kpucrann kpemuuiinig 0anky temmeparypacsl — 1755°C, cybrranna
IIBIHBL TOPI3A1 Maccara aitHamanbl. OHBI KBapll HIBIHBICHI JIEI aTaibl.
KBapi| IIBIHBICHI JKOFaphl TeMIlepaTypara Oepik, KbI3JBIPY MEH CYBITyFa
TO3IM/1, YJIBTPAKYJIIH COYJICH1 KakChl oTkizeAl. OmaH MeaUIMHAJIBIK
BIABICTAP, acllanTap >XKoHE MEAMIIMHAJAA KOJIJAHBLIATBIH KBapI] IaMbIH
Kacanael. KBapiy kpucTansl 3JIE€KTp epiciHae AehopMalusiaHagbl, OHbIH
OVYJI KaCHETIH JIBIOBIC JKa3y 1CIHE KOJJaHbLIaIbI.

Amop(dThl KpeMHUI WHQY30PIJIBIK TOIBIPpAK TYpiHAE Kezaecedl. Om —
keyekTi 3aT. Keyekri OolFaHabIKTaH, OCTTIK KadaThl ©T¢ YJIKEH OoJIaibl.
CoHapIKTaH aMOp(THl KPpEeMHUM KaTajau3aropiaapbl yCTal TypaTbIH 3ar
peTiHAe KoajaHbuiaabl. OFaH HUTPOIJIMIEPHUH CIHIPII >KApBUIFBIII 3aT —
JTMHAMUWTTI aJ1aJIbl.

KpemHuii eCIMIIKTEp MEH ’KaHyapiapra Ja KaxkeT dJIeMEHT. OCIMIIK
IIHIHIH KYpaMbIHJIaFbl KPEMHUM oFaH Oepl1KTIK Oepeal. Kpemuuii kebinece
0aMOYK, TaKbUIJbl OCIIIKTEPAIH KOHE T.0. KypaMbIHJa 001a/1bl, COHIal-aK
KYC KaHAThIHBIH, MaJl )KYHIHIH KypaMbIHa Aa KIpel.



«boc IeKTPOHAAP» YFBIMbI

Kpucranaelk TOp Ty3uIreHae (erep od KPUCTaIAbIK TOPJbIH
KypaMbIHJa  3apsaTairaH  Oeimiekrep  0Oojica)  OHBIH
KYpaMbIHJIaFbl ~ NPOTOHJAP  pPETTENIN  OpHAjachil,  al
AJIEKTPOHJAP COJ IPOTOHJAPJBIH apachblHAa PeTci3  «0oc
KYMIHAC» JKYpyl MYMKIH. byn Kem xarjgailga MeTajbIK
OaililaHBICKA TOH. A  KOBaJIeHTT1 OaillaHbICTa  OpTaK
anekTpoHaap (00C AMEKTpOHAAp) €Kl aTOMbl OailjIaHBICTHIPHII
Typanapl. Tyrea OapiablK aroMaapAbl ycCTar, OailaaHBICTHIPHII
Typa aaMaiapl. COHABIKTaH KOBAJCHTTI OalJIaHBICKAH 3aTTap
MopT kenedl. Cebei oHaa «0OOC DIIEKTPOHIAP» HEOIp1 €Kl
aToMbl FaHa O0aiiJIaHBICTHIPHII TYPAIbI.
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