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IIEJIU U 3AJIAYU KYPCOBOH PABOTHI

KypcoBas paboTta no gucuumniuHe "[losynipoBoAHUKOBbIE TPUOOPBI' HA TEMY

"PacyeT OMMOJIIPHOTO TPAaH3UCTOPA HMMEET IeJibl0 3aKpelJieHUue B YIayOJieHre
3HAaHWM, NOJIYyYeHHBIX B JIEKUOHHOM KypcCe IO 3TOU JAUCLUUIIMHe. BoinosiHeHHe
KYpCOBOM paboOThl CHOCOOCTBYET Pa3BUTHIO y CTYAEHTOB HAaBBIKOB CaMOCTOSI-
TEJIbHOT'0 pelleHUs] KOHKPeTHbIX UHXKEHEePHbIX 3a/la4, CBA3aHHbIX C PacieToM U
NPOEKTUPOBAHMEM TMOJIYIPOBOJHUKOBbIX MNPUOOPOB, paboTOU C HaAy4dHO-
TEXHUYECKOMN Y CIPABOYHOM JIMTEPATYPOH.
[Ipy BBINOJIHEHVMU KYpPCOBOM PabOThI CTYAEHTBI JOJDKHBI MCIOJIb30BaTh JIEKLU-
OHHBbIM MaTepuaJ Mo AucuumnavHe "[losynpoBOJAHUKOBbIE TPUOOPHI', PEKOMEH-
JIOBAaHHYIO JINTEPATYPY, a TaKXKe HEKOTOpble pasjeJsbl NpeslleCTBYIIIUX KypCy
JUCLUMIIMH - "®PU3n4eCcKrue OCHOBBI 3JIEKTPOHHOU TeXHUKA" U "MaTepuasbl 3JeK-
TPOHHOU TEXHUKU".

3AJAHUE U UCXOAHbIE JAHHDBIE

3alaHve Ha KypCOBYIO0 pabOTy mpefycMaTpUBaeT pa3pabOTKy HU3KOYACTOT-
HOTO OUIOJIAPHOTO TPAH3UCTOPA, BKJIKOYask BbIOOP MUCXOJHOTO MaTepUasa , BbI6op
reoMeTpPUU CTPYKTYPhI, pacyeT KOHCTPYKTUBHBIX [TAapaMeTPOB U COCTaBJIeHUE 3C-
KHW3HOTO YepTeka CTPYKTypbl. B X0/le BbINOJIHEHUSI PAaOOThI CTYyZ€HThI JOJKHBI
NOCTPOUTH 30HHBIE 3HepreTUYeCKUe ArarpaMMbl pa3dpabaTbiBaeMOro OUIOJAP-
HOrO TPAaH3UCTOpPA B OTCYTCTBHE BHELIHUX HANPSKEHWH U B aKTUBHOM pexXHMe
pa6oTsl. [lig TpaH3uCTOpa, pabOTalUIEro B aKTUBHOM PEXHMMe U BKJIFOYEHHOTO
0 cXeMe C 001er 6a30H, MPOBOAUTCS pacyeT 3JIeMeHTOB (U3MYECKON SKBUBA-
JIEHTHOU cXeMbl. [lJ1s 3TOH e CxeMbl BKJIIOUYEHUS IPOEKTUPYEMOrO TPaH3UCTOPa
C ¥cnoJsib30BaHUueM JBM BbINOJIHAETCA pacyeT BbIXOAHbIX CTATUYECKUX XapaKTe-
PUCTHK.

HcxoaHbIMU JaHHBIMHU JJIs1 pacyeTa OuUMNoJiipHOro 6e3apelidoBOro TpaH3U-
CTOpa ABJAKTCA KO3QPUIUEHT MepeZjladd TOKA B peKMMe MaJloro CUrHaJjia B cxe-
Me OGIIMM SMUTTEPOM /1513, paHMYHAs YacToTa KoadduijpeHTa nepejayy Toka B
CXeMe C OOLIMM 3MHUTTEPOM f,, MAKCUMAJIBHO /{ONyCTUMOE IIOCTOSIHHOE HaNpsi-

xeHue KosekTop-6a3a Uyg mar, MaKCMMaJbHO JONYCTHUMbIM IOCTOAHHBIM TOK
KOJLIeKTOPA g ey, MAKCMMaJIbHAsA TeMIEpaTypa KOJUIEKTOPHOro nepexoga Ip.
Jl1s pacdeTa 3/1eMeHTOB GU3UYECKON IKBUBAJIEHTHOM CXEMbI M IIOCTPOEHUSA 30H-
HbIX JHEPreTUYECKUX AUarpaMM 3aJaeTcs PeXHMM 110 MOCTOSHHOMY TOKY, COOT-
BETCTBYIOLIMN aKTUBHOMY peXUMy paboThbl npubopa. /s NOCTpOeHUs KPUBOM
JOMyCTUMOM MOLIHOCTH Ha CEMEMCTBE BBIXOJHBIX CTATUYECKHUX XapaKTEPHUCTHK
3a/laeTca 3HayeHue MaKCHMMaJ/IbHOM JONyCTUMOM pacceMBaeMOM MOILJHOCTH KOJI-
nekTopa Py pmax.



OBILIHUE TPEBOBAHHUA K COAEPKAHUIO U O®OPMJIEHUIO KYP-
COBOM PABOTHI

['oToBasi KypcoBasi paboTa J0JKHA COJlepKaTb MOSICHUTEJIbHYIO 3alUCKy U
rpadpudeckyro 4dactb. [losicHUTe/NibHAsE 3amMUCKa [A0JHKHA BKJIKYATh TUTYJIbHBIN
JIUCT YCTAaHOBJIEHHOTO 00pa3lia, OrjiaBJeHue, 3alaHue, lepedyeHb NPUHSATHIX B pa-
60Te 0603HAUYEHUN, OCHOBHYIO 4YaCTb pabOThbl U CHHCOK JIMTEPATYpPbl, UCIOJb30-
BaHHOU NPU BbINOJIHEHUU KyPCOBOX paboThI [I].

OcHOBHas 4acTb paboThl JOJKHA COAEPKAaTh KpaTKoe BBeJeHHUE C MOCTAHOB-
KOM 3a/layy, MOAPOOHBIM pacyeT U 060CHOBAHUE BbIOOpPA KOHCTPYKIIMU 3JIEMEH-
TOB IPOEKTUPYEMOT0 NPpUOOPa U 3aKJIIUEHHE.

[losscHUTe/NIbHAsA 3alMCKa BBINOJIHAETCS HAa OJHOW CTOpPOHE JIMCTa OyMaru
dopmaTta A4 (210x 297). O6beM NOSCHUTEJNbHOU 3aMMUCKUA HE [0JKEH MpeBbI-
maThb 25 crpaHul,. OpopMiieHUE TOSICHUTENbHON 3alIUCKUA U IpadprUUeCKON 4acTH
paboThI AOJIKHO OBITh BBINOJIHEHO B COOTBETCTBUU € TpeboBaHusiMu ['OCT [2 - 5].

['paduyeckass yacTb KypCcOBOU pabOTHI JOKHA COCTOSATh M3 3CKU3HOTO 4Yep-
TeXKa CTPYKTYPhbl, BBINOJHEHHOTO B [IBYX NMPOeKUUsAX (BUJ, CBEPXY U pa3pes), 30H-
HbIX YHEPTreTUYECKHUX JIMarpaMM B OTCYTCTBHE BHELIHWUX HAaNpPsSKEHUW U B 3a/iaH-
HOM peXHMe MO MOCTOSHHOMY TOKY W BBIXOJHbIX CTaTUCTUYECKUX XapaKTepH-
cTUK. Bce pacueTHble pOpMYyJIibI M CIpAaBOYHbIE JJaHHBIE NOJIKHBI UMETb CChLJIKY Ha
JINTEPATYPHbIA UCTOUHUK.

YKA3AHHUA 110 PAHUOHAJIBHOMY BbBIIIOJIHEHHUIO PABOTbI

[lopaloK pacrnoJyiokeHUs1 MaTepuasa B 3TOM pasfese COOTBETCTBYeT peKo-
MeH/lyeMOM N0CJIeJ0BAaTEJbHOCTH BbIIIOJIHEHHUS KYPCOBOU pabOTHL.

Bvi160p Mamepua.ia 0415 u320moessieHusi mpaH3ucmopa

HuskoudacToTHbIN 6e3/pelidpOBbIA TPAH3UCTOP NpPeACTaBJIsIET COO0M BbICO-
KOOMHY0 0a30By0 IJIACTUHY, B KOTOPOW METO/0M BIlJIaBJIeHUs1 puMecen cdop-
MUPOBaHbl CUJIbHOJIETHPOBAHHbIE 00JIaCTU 3MUTTepa U KoJsuiekTopa. [Ipu dop-
MUPOBAHUU 3JIEKTPOHHO-/ILIPOYHBIX MTEPEXO/IOB 3TUM METOJOM B KauyeCTBE JIETU-
pYHOLUX MaTEpPUAJIOB HCIOJb3YIOT YUCTble METa/lJbl M CIlJIaBbl, Ha3blBaeMble
3JIEKTPOJHBIMU. JJIEKTPOAHBIA MaTepraJsl JoHKEeH 00J1aZjlaTh CIOCOOHOCTBIO CO3-
JlaBaThb B MOJIYIPOBOJHUKOBOM MaTepHaJie (repMaHUU, KPEMHUM) 00JIaCTU C TH-
IIOM 3JIEKTPONPOBOJHOCTHU, IPOTHUBOINOJIOXKHBIM UCXOJHOMY TUIy NPOBOJUMOCTH.
JJIEKTPOIHbIM MaTepuas 06pa3yeT C UCXOJHBIM MOJIYyIPOBOAHUKOM 6a3bl 3BTEK-
TUYECKHH CIJIaB.

Ha nepBoM sTamne ¢popMUpoBaHUs CIJIABHOTO p-n nepexo/ia MpOU3BOASAT Ha-
rpeB 6a30BOM MJIACTUHBI C HABECKAMU U3 3JIEKTPOJHOTO MaTepuaJja [0 TeMIepa-
TYypbl JIaBJIeHUSl 3BTEKTUKHU, IPH 3TOM aTOMbI MOJYNPOBOAHUKA 6a3bl pacTBO-
pATCA B pacijiaBe HaBeCKU. B mpouecce oxyaxkeHUsi MPOUCXOJUT peKpUCTaJI-
JIU3alys MCXOAHOr0 MOJYNpPOBOAHUKA M3 pacTBopa. KoHUeHTpalusa npuMecu B
PEKPUCTA/IM30BAHHOM 00J1aCTH OmpeJesisieTcsl TeMIepaTypou BIJaBJeHUS
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TBIIJI u npefe/bHOM PaCTBOPUMOCTBIO JIETUPYIOLEM IPUMECH B UCXOHOM IOJIY-
npoBogHUKe. B Tabs. 4.1 nmpuBefeHbl HEKOTOpPbIe YAaCTO HCHOJIb3yeMble 3JIeK-
TPOJHble MaTepuaJlibl, COOTBETCTBYIOIIME UM TeMIlepaTypbl BILJIABJIEHUA U KOH-
IleHTpalKi MPUMeCH B PEKPHUCTAIJIM30BaHHBIX 06/1acTsX aMuTTepa N3 U KoJliek-
topa Ny , mpu aTom N3y=Ny.

Tab6suna 4.1

HOHynpOBOAHHKOBbHE3HEKTpOﬂHbH§MaTepHaﬂbLHCHOHbBYEMbHEAHH
HBFOTOBHCHHHCHHaBHbD(6HHOﬂHprD(TpaH3HCTOpOB

UcxoaHbIM 0J1y-|1€KTPOAHBIN Tonn ° C N, cM-3
NPOBOJHHUK MaTepual

n-Ge In - Ga 450-650 | 2-10*°

p-Ge Pb-Sb 650-750 | 1-10%**

n- Si Al 1100 -1250( 2-10%**°

p-Si Sn-P 900-1200| 1-10+

MaTepuas NoJiynpoBOJAHUKOBOM CTPYKTYypbl BBIOMPAIOT MO 3aJaHHOW MaKCH-
MaJIbHOM TeMIiepaType KoJileKkTopHoro nepexoga TII: mpuHATO cYdTaTh, 4YTO
3JIEKTPOHHO-/IbIPOYHBIN MTepexo/] U3 repMaHus YCTOMYMBO paboTaeT A0 TeMIepa-
typbl 85°C, a mepexon us kpemuus — g0 125°C. Tun a/1eKTPONPOBOAHOCTH UCXO/I-
HOr0 MaTepuasa 3aJaeTcsl TUIIOM 3JEeKTPONPOBOJHOCTU 6a3bl pacCYUTHIBAEMOTO
TPaAH3UCTOpPA p-N-p WU n-p-n tuna. KoHneHTpaluo npuMecu B 6a3e BbIOMPAIOT,
0% g =T TTEEECT MCXO/Zs U3 33JJaHHOTr0 MaKCUMaJIbHO JI0MycC-
=iz TuMoro HanpspkeHUs Ugg max, TaK, 4YTOOBI
0o6ecrnedyuTb MNPOOHWBHOE HANpshKeHUe Ie-
pexoza U o5 = (1,3 — 2 )Uig nax- A1s1 pes-
il KOrO HECMMMETPHUYHOIrO CIJIAaBHOrO Mepe-
LI xona 3aBHCHMOCTB Unpos OT KOHIIEHTPALMHU
1 3 NpUMeCd B CJab0JIerMpOBaHHOW 6a3e [6]
ﬁlﬁ tdﬂl: 1 x npuBeZieHa Ha puc.4.1. [lyHKTUpHasA KpuBas
L e e ey ip:s 1A 3TOM DHCYHKe pasjiessier ob6JslacTu Jia-
OIITETPALKA TPEMECH Ns, CM-3 BUHHOTO U TYHHEJIbHOTO NPO604l.

Puc.4.1. 3aBUCHMOCTb HanpsbkeHMs 3Hasd KOHILIEHTpALMIO IpuUMecd B 6ase N5,
npo6osi OT KOHIEHTpAalUM MPUMECH MOXHO pPaCCUMTaTh KOHIEHTpaLUi0 Heoc-

B C1abo/JIerMpoBaHHOM 6ase TIpM  HOBHBIX HocuTesel 3apsazsa Ngy .
T=300 K
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Heobxoaumble [Ji1 pacyeTa CBeileHHUs1 MOXKHO HaWTH B [Ipusioxkenuu 1. [lis1 onpe-
JleJIeHUsl TMOABWXKHOCTH Mgy HEOCHOBHBIX HOCUTeJIEN 3aps/a, MOXXHO BOCIIOJIb30-
BaThCS IaHHbIMU, IPUBEEHHBIMY Ha puc. 4.2 [6].

/i1 3alaHHOTO THUMAa 3JIEKTPONMPOBOAHOCTHU 0a3bl MOXHO OIpPEJEJNUTH
yZieJIbHOE CONPOTHUBJIEHME Pp , UCIIOJIb3YA JaHHBbIE [6], npuBeleHHbIE HA puc. 4.3.

BbriOpaHHOe 3HaueHUe yJeJIbHOTO CONPOTUBJIEHUS MOJYNPOBOJAHUKA 0Oa3bl
PB LOJKHO ObITh HE MeHee 3HaYeHUs], HAaWeHHOTO 1o puc. 4.3.

[Io yielbHOMY CONMPOTUBJIEHUIO BBIOUPAIOT MApKy MOJIYyIPOBOJAHUKA 0a3bl
[7-9] u onpegensitoT 1UPpPY3UOHHYIO AJUHY HEOCHOBHBIX HOCUTeJIEN 3apsifia B
6ase Lg (cm. mpua. 2.3). 3Hasg MOABMIKHOCTD, HaXoAAT Ko3dduuueHT auddysun
HEOCHOBHBIX HOCUTEJIEX B 6ase

Dgy = Mgw (L;),

rje C;—T) = 39 B~ npu KOMHaTHOM TeMIepaType. 3aTeM, MUCI0JIb3ys HalJeHHOoe

3HayeHue Ly, pacCYUTHIBAIOT BPEMsI )KU3HU HEOCHOBHBIX HOCUTEJIEH B 6a3e
Ly

g =7

Dgy

OnpedesieHue pa3mepos 3/1eMeHIMo8 MpPaH3UCmMopHOll cmpyKmypbl

[l101aib SMUTTEPHOIO MEPEX0/ia OLEHUBAIOT M0 3aJJaHHOMY TOKY i max U
JOIyCTUMOM IIJIOTHOCTH NPAMOTO TOKA Jnp max Y€PE3 3JIeKTPOHHO-AbIPOYHBIN Ile-
pexon. /Jlia mnpubopa U3 TrepMaHUA  jupmar = 100 A/cM?, M3  KpemHus
- 200 A/cm2. CunTas, YTO HAUMOOJBIIUHA TOK IMUTTEPA I3 max = [ max, ONpenes-
0T HYXKHUM NpejeJ IJIoUaiu SMUTTepHOro nepexo/a [10]

: It max
53. = (— .
JTIF max

Ha puc. 4.4 npuBeseHbl BApUaHThI CTPYKTYpP CIJIABHBIX TPAaH3UCTOPOB. BrbI-
O0p TOMOJIOTUX U JIMHEWHBIX pa3MepPOB 3MUTTepA CJleAyeT NPOBOLUTH C yY€TOM
3¢ deKTa BbITECHEHUS TOKA UHXXEKLUMU Ha nepudepurto amutTtepa [10]. B pe3yib-
TaTe NPOTeKaHUs 6a30BOr0 TOKAa HA 00beMHOM CONPOTHUBJIEHUHU 6a3bl BOSHUKAET
nazeHve HanpsbkeHus. OHO yMeHbIIaeT NpsiMOe CMeleHUe TOM YacTHh 3MUTTepa,
KOTOpasi HauboJiee y/iajieHa OT 6a30BOro KOHTAKTa. B pe3ysibTaTe TOK MHXXEKIUHU
3MUTTepPa CMeLAeTCs Ha ero Kpau, 0opaleHHbId K 6a30BOMY KOHTAKTY. [[pUHATO
CUMTaATh, YTO 3QPEKTUBHO PabOTAET JIUIIb YACTh SMUTTEPHOTrO Nepexo/ia UpPHU-
HOH nopsaka 1M Ppy3rMoHHOM JJIMHBI HEOCHOBHBIX HOCUTe el B 6a3e Lg.
Ecin B 0ceCUMMeTpPUYHOW CTPYKType pajuyC 3MUTTEpPA MO pacyeTy OKasaJcsd
6osibiiie Ly, TO cieayeT BbIGpaTb CTPYKTYPY C KOJIbIIEBBIM 3MHUTTEPOM, MPUYEM
IIMPHHA KOJIbI[Aa He J0JDKHA NpeBbiaTh Lg. [Io TeM ke MpUYHMHaM B I0J0CKOBOM
CTPYKType NepexoisaT OT OJHO3MUTTEPHOM K MHOTOSMUTTEPHOW KOHCTPYKIUH,
IIPH 3TOM LIMPHHA SMUTTEPHBIX I0JIOC BbIOUpPAeTCss MeHblel, yeM Lg .
KoHdurypanuio Ko/JIeKTOPHOTO Mepexo/ia BbIOUPAOT TaK, YTOObI obecre-
YUTb HauboJiee MOJIHOe COOMpaHWe UHXKEKTUPOBAHHBIX B 0a3y HEOCHOBHBIX HO-
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CUTeJiel, He yBeJU4YWBas NMpPUA 3TOM
6e3MepHO OGapbEPHYI0 €MKOCTb KOJI-
JIeKTOpHOTO mnepexona. OO6bIYHO BbI-
6upatoT Sy = (2 —3)S;.

PacyeT TOJIIMHBI aKTHBHOM
yacTu 6a3bl NPOBOJAAT MO 3aJaHHOHU
rPAaHUYHOU 4YacTOTe KO3pPUIMEeHTa
nepefadyu ToKa 6a3bl B CXeMe C 00-
MM 3MUTTEpoM. YacToTHass 3aBH-
CAMOCTb KO3QPUIMeHTa Mepeaadu
TOKa SMUTTEPA O MPUOJIMKEHHO OTH-
cbiBaeTcs BbIpaxkeHUeM |[II]

a(w) =———
142

o
Jnda  cniaBHOro TpaH3UCTOpa

OCHOBHBIM IIPOLECCOM, ONpeJesiio-
MM ero ObICTPOJEeNCTBUE, SBJSETCS
IuPPy3roHHOE JBUKEHHWE HEOCHOB-
HbIX HOCHUTeJIed uyepe3 6a3y. Bpems

3TOTO ABUXXEHHUS MOKHO OLLEHUTb 110
bopmyuie

-

t - -
= =
Puc. 4.4. CTpyKTypbl CILUIaBHBIX

TPAaH3UCTOPOB: IOJIOCKOBbIE C OJI-
HUM 3MUTTepPOM (a); C AByMS 3MUT-
TepamMu (0); ocecHMMeTpPUYHbIE C
KPYTJIbIM 3MUTTePOM (B); C KOJiblie-
BbIM 3MUTTEPOM (T);

1 - aMuTTeDp; 2 - KOJLJIEKTOP; 3 - 6a-
30Basi IJIACTUHKA; 4 - aKTUBHas
yacTh 0a3bl; 5 - MmaccuBHAA 4YacTb
6a3bl.



(A o
HOCKOJIbe f]'}a = _‘_a , AJId OLl€éHKHW TOJIIKWHbI aKTUBHOW 4YaCTH 6a3bl MOXXHO BOC-
T

MOJIb30BAaTbCA COOTHOIIEHHUEM

. (%)1,’4
Tfre (4.1)

PaccMoTpeHue paboThbl TpaH3UCTOPA B aKTHBHOM peXUMe NPOBOJAT Ha OC-
HOBE OJJHOMEPHOM M/Jl€aJIM3UPOBAHHOU TeopeTHueckor Mozenu [11]. Koadppunu-
eHT NepeAayd TOKa SMUTTepa o MOXKHO MpPeJCTaBUTh B BU/JlEe IPOU3BeJeHUs[6]:
a = yagM, rae vy - koapdunueHT 3P GEeKTUBHOCTH IMUTTEPA, An - KOIPOUIUEHT
nepeHoca HEOCHOBHBIX HOCUTeJIel Yyepe3 6a3y, M - KO3 PUIIMEHT JJABUHHOTO YM-
HOXXEeHHUS HOCUTEJIEN B KOJIJIEKTOPHOM IIepeXo/ie.

KoadpunpeHT 3pPeKTUBHOCTH 3IMUTTEpPA MOKA3bIBAET JIOJII0 TOKA UHXKEK-
UM HEOCHOBHBIX HOCUTeJIEN B 6a3y B OJIHOM TOKe Yepe3 SMUTTEPHbIN NePeXo/,.
[locko/IbKY KOHLIEHTpalUsi MpUMeced B 3SMUTTepe Ha HECKOJIbKO MOPSAKOB
6oJibllle, 4eM B 6ase, HA MPAKTUKe 3HAYeHUE Y MaJIO OTJIMYAeTCs OT eAUHUIIbI U
JIJIS1 UHX)KEHEePHbIX pacyeToB MOXKHO noJsiaraTh Y = 1. Ecaiv TpaH3ucTop paboTaeTt
IpPYU OTHOCUTEJIbHO MAJIOM KOJIJIEKTOPHOM HanpspkeHuH, Tak 4to |Upg| < |UK pot

)
MO>KHO cuuTaTbh M = 1.

KoadpdunveHT mepeHoca an XapaKTepU3yeT PEKOMOWHALlMOHHbIE MOTEPHU
HEOCHOBHBIX HOCUTEJIEH B 6a3e. OO0'beMHbIE IOTEPU YUYUTHIBAIOTCS BbIPAXKEHHUEM,
NOJIYYEHHBIM JJI1 OJHOMEPHOMU UeaJM3UPOBAHHOW MOJeJIU TPAH3UCTOPA HaA IO0-

CTOSIHHOM TOKeE
1 1 (W):
ap=1—=*|—
f 2 \Lg

C yyeTOM peKOMOUWHALMU HA MOBEPXHOCTH 6a3bl KO3(QUILIMEHT IepeHOCca MOXKET
ObITh 3aniMcaH B BUje [11]

.1 qwn® sSw
Xg=1—==* (_) —
2 \Lg 53Dy (4.2)

CKOpOCTb MOBEPXHOCTHOW pPEKOMOMHALUM S OIlNpeJesseTcd MaTepyuaioM
TPAH3UCTOPA U TEXHOJIOTHUEN 00pabOTKM MOBEPXHOCTH. B repMaHueBbIX TpaH3U-
CTOpax TUMMUYHbIe 3HA4YEHU S JiexkaT B fuanaszoHe oT 50 go 500 cM/c, B KkpeMHHUe-
BbIX - oT 20 0 2000 cm/c. B popmyne (4.2) Sy - addekTUBHAsA MIJI0LAJb TOBEPX-
HOCTHOW peKOMOWHaUUHU. [|Jil CIJIaBHOTO TPAH3UCTOpA MNPUHATO cuuTaTh [11],
yTO Sp omnpefesisgeTcda MJ0UAAbI0 MOJIOCH], IPUJIEraKwlled K 3IMUTTePY, IIMPUHOU
nopsi/iKa TOJIAHbI IACCUBHOU YacTH 6a3bl W = W + W3, TO3TOMY

Sp = l'[awn’ (43)

rae Il - nepumeTtp amutrepa. Popmyaa (4.2) cnpaBeyivBa NPU BbINOJHEHUHU YC-
soBust SWi = 0.2+ Dgy. Ilpu 3aiaHHOM 3HAYEHUHU S TOJIIIMHY 6a30BOM MJIaCTUHBI
ciaenyeT BbIOMPATh TAK, YTOObI 3TO YCJA0BHE BBINOJHAJOCH, yYUThIBas NPU 3TOM,
YyTO TIJIyOMHA BIJIABJEHUSI SMUTTEpPa W KOJIJIEKTOpPA OJIMHAKOBbI Wi = Wy.
Ucnosb3ys BbipakeHue il Ko3apdunpenTa an (4.2), cieyeT OLeHUTb TOJAHY
06a3bl W, MCXO/d U3 ONPeeJIEHHOr0 3aZjlaHieM KoadpdulimeHTa nepeayy Toka ba-
3bl



ecJu & = o ,TO
ag=1———"
hyi3+1 (4.4)
Hcnosib3ys npuBeZieHHOE BbIlIe BhIpaXkeHUe JJisd 3G PEeKTUBHOU IO PEKOM-
o6uHanuu (4.3), A an 3anuieM
ag =1—Bw? — Aw(w + w;), (4.5)

rae A = L 3 ,B =0.5/L% . TlonydeHHOe BeIpaXkeHHe C ydeToM (4.4) Jierko mpe-
H

(5. Dx

- Lo -1

o6pasyeTcs B KBaJipaTHOE YpaBHEHHE OTHOCHUTEIbHO W
(A+Bw? + Awwy — (h,5+ 1)1 =0,

peiiad KoTopoe€ MoJiyduM AJIAd TOJIILHWHDBI AKTHMBHOM 4YacTH 0a3blI

1 [ . 4+B)

=34+ B) Aw; + \ilA wy + oo+ 1
PaccuvTaB ¥ MOCTPOUB 3aBUCUMOCTb W = f(W;3), MOXHO BbIGpaTh TOJIIMHY aK-
THBHOM 4YacTU 6a3bl TaK, YTOObI OHA COrJIACOBbIBAJIACh C pe3yJibTaTaMU BbIIOJI-
HEHHOM paHee OLeHKU W 10 3Ha4YeHHI0 TPAaHUYHOU YaCTOTHI.

Tenepwb cienyeT BbIOpATh TOJIIIMHY aKTUBHOW 4acTH 06a3bl Tak, YTOObI I'pa-
HUYHAas 4yacToTa frp U mapaMeTp h213 ObLJIM He MeHbllle, YeM UX 3HAaYEeHMUs], yKa3aH-
Hble B 33aJlaHWM. [I03TOMy W BbIOMpAIOT HaMMeHblIeN U3 [ABYX 3HAYEHUU, NOJIY-
YeHHbIX NPH 3TUX OLleHKaX.

[Ipy BbIOOpE TOJIILIMHBI AKTUBHOW 4YacTH 6a3bl HEOOXOJUMO UMETb B BUAY,
YTO CO CTOPOHBI MaJ/IbIX 3HAYEHUU W TaKXXe orpaHUYeHa. B cnyiaBHbIX TPaH3UCTO-
pax co cJ1aboJierMpOBaHHOW 6a30M BO3MO>KHO CMbIKaHHWE 3MUTTEPHOIO U KOJIJIEK-
TOPHOTO MePeXo/[0B, IPHU 3TOM TOJILMHA KOJIJIEKTOPHOTO Mepexo/ia MPpoCTUPAETCs
Ha BCIO0 TOJIIIAHY aKTUBHOMW 4YacTHU 6a3bl. [l03TOMy Npy Hanps>KeHUU Ha KOJIJIEK-
TOpE, PaBHOM HaNpPSXKEHUI0 CMbIKaHUsS TNepexoZoB Ucvk, MOXKHO 3amMucaTb MpPHU-
o/1>)keHHOe cooTHolueHue [10]

w

M

w?qNg
CMK 26,8,
rae @ = 1.6 * 1077 Ku - 3apsa 3/1eKTpoHa, € - JU3JIeKTPpUYeCcKas IPOHULAeMOCTh

OJIYIIPOBOJHHUKA, £, = 8.85 = 1[!‘“%

TonmyHy aKTUBHOU YacTy 6a3bl BBIOMPAKT TAaKMM 00pa30M, UTOObI HANps-
>KeHHe CMbIKaHUS Nepexo/i0B ObLJI0 HECKOJBKO 60Jiblile MaKCUMaJbHO JlonycTu-
MOr0 HamnpshKeHUs Ha KOJIJIEKTOPHOM nepexojie Ukp max :

1

(ZE:TEG (ﬁp:-c + |U}~."Emﬂx I))E
qNg

w =
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[Ipu BbIOOpE TOJIIMHBI AKTUBHOW YacCTH 6a3bl CIJIABHOTO TPAH3UCTOpA CAeAyeT
TaKke UMeTb B BUJY, YTO U3rOTOBJIEHWE TPAH3UCTOpA C TOJIUIMHOW aKTUBHOU
yacTu 6a3bl MeHee 20 MKM SIBJISIETCS TPYAHO BbIIOJHUMOM TE€XHOJIOTUYEeCKOH 3a-
Jnagyeu.

[Tocsie Toro, Kak cAieJiaH OKOHYATeJIbHbIN BbIOOP TOJIIIMHBI aKTUBHOM YaCTH
6a3bl W, cieJyeT YTOYHUTb COOTBETCTBYIOIME BbIOPAHHOMY 3HAYEHUIO W Tpa-
HUYHYIO 4acToTYy frp o popmyJie (4.1) u ko3pduLueHT nepesjlauu Toka 6a3bl h21s
no ¢popmysiam (4.4), (4.5). YTouHeHHble 3HaYeHUs frp U h213 - ClielyeT UCIOJIb30-
BaTb JJid AAJbHENUILINX PACYETOB.

HocmpoeHue 30HHbIX 9HepeemMmu4eCcKux auaepaMM

JlJ1s MOCTPOEHUsT 30HHBIX IHEPTreTUUECKUX JUarpaMM MPOEeKTUPYEMOU TpaH-
3UCTOPHOM CTPYKTYpPbl HEOOXOAUMO PACCYUTATh KOHTAKTHYI Pa3HOCTb MOTEH-

I[MaJIOB JIIOGOT0 U3 p-n MePexo0B TPAH3UCTOPA
kT N,N,

= In—
Px q n2

H_[I/IpI/IHa CJIOsI 00'bEMHOTO 3apda pe3KO HECMMMETPHUYHOI'O p-n nepexoaa olipe-
AeJIAeTCA BbIpaXXE€HUEM

B =

d = (ZEIEU({PK o U)
qNs (4.6)

['ny6brHa 3aseranus ypoBHsi Pepmu Er Mo OTHOIIEHHIO K CEpeJiMHE 3ampe-
IleHHOM 30HbI E; 6a30BOT0 MOJIyNIPOBOJHUKA OUMOJIIPHOTO TPAH3UCTOPA MOXKET
OBITh pacCUMTaHa M0 OJTHOU U3 pOopMy.J

AJIA ITIOJIYIIPOBOJHHUKA p-THIIA,

JIJIs1 TOJIyIPOBOHMKA N-THIIA.
[Ipu 3ailaHHOM TOKe SMUTTepa HalpsHKEHUEe HA SMUTTEPHOM Iepexojie MOoX-

HO OLIEHUTb U3 COOTHOIIEeHUS [12]

U kT Lw
=—n———
- q S3qDgyNgy

Pacuem 3siemenmoes gﬁusuqeacoii IKeue8a/1eHMHOII cXxeMbl.

CBOKMCTBa TPAaH3UCTOPA - YCUJIUTEJIS MaJIOTO IIepeMeHHOr 0 CUrHaJia B 3a/jaH-
HOM peXHMe 0 MOCTOSIHHOMY TOKY - MPUHSTO OMUCHIBAaTh C MOMOIIbIO pH3UYe-
CKOM 5KBHBaJIEHTHOM CXeMbl. PacueT mapamMeTpoB 3KBUBaJIEHTHOW CXEMbI IPOU3-
BOJST HAa OCHOBE aHaJ/IM3a OCHOBHBIX (PU3UYECKUX MPOLECCOB, MPOUCXOSIIUX B
TPAH3UCTOPE, C YUETOM CXeMbl €r0 BKJIIWYeHUs. ByJleM paccMaTpuBaTh 3KBUBa-
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JIEHTHYI0 CXeMy TPaH3UCTOPa, BKJIOUYEHHOTO M0 cxXeMe C oblied 6a3oi u pabo-
TAIOILEr0 B aKTUBHOM pEXHUME.
dusnyeckasi 3KBUBaJIeHTHAs CXeMa TPaH3UCTOPA B COOTBETCTBUU C HUeaNH-
3upoBaHHOK Mozesbto [II] cocTouT Bcero U3 ABYX 3/1€MEHTOB: OCHOBHBIM 3Jie-
MEHTOM 3KBHBAJIEHTHOH CXeMbl fBJISIeTCS FeHepaTop Toka &ly. OH oTpaxkaeT Ie-
pEeHOC TOKa M3 3SMUTTEPHOM ILieNU B KOJIJIEKTOPHYIO U YCUJUTEJNbHbIE CBOMCTBA
TpaH3ucTOpa. [lapa/sielbHO reHepaTopy ToKa dl; JJOJPKHO GbITb BKJIIOYEHO CO-
IpPOTHBJIEHUE KOJIJIEKTOpA Ik . [1o onpe/iesieHHI0
1= al,
OUyg "

B ujeasn3anpoBaHHOM TPaH3UCTOPE TOK KOJIJIEKTOpa Ik He 3aBUCUT OT KOJLJIEK-
TOpHOro HanpsikeHUs Ukp , IO3TOMY rk=00 U 3TOT 3JIEMEHT B IKBMBaJIEHTHOM CXe-
Me HU/leaJIM3UPOBAHHOTO TPAH3UCTOpPA OTCYTCTBYeT. Bo BXOAHOW Ijenu TpaH3U-
CTOpa CTOUT CONPOTUBJIEHUE SMUTTEPA I's, KOTOPOE NpeJCTaBsieT cobout fudode-
peHLMa/JibHOE CONPOTHUBJIEHUE OTKPBITOTO 3MUTTEPHOTOo mnepexoza. Hcmosb3ys
BbIpaKeHHUe JJ1sl BXOJHOT0 TOKa

‘ra = IaD (Elp

=const

qUsg |
_ 1)
kT
JJIL I's MOXKHO TMOJIYYUTh

_ 0Usg

3 ~T .
a'r3 Uyg =const q 'r—"

[lepexozsi K 3KBUBAJIEHTHOM CXeMe peasibHOr0 TPAH3UCTOpa, MPUBEJEeHHOU

a/ J/ .

kT 1

Puc.4.5. JxBuBaJleHTHbIe CXeMbl OMIIOJIIPHOTO TPaH3UCTOpPA /ISl MaJoro
lepeMeHHOr0 CUrHaJja

Ha puc.4.5,a , OTMETUM, YTO B peasibHbIX CIJIABHbIX TPAH3UCTOpPAX HEOOXOAMMO
YYUTBIBaTh 06'bEMHOE CONPOTUBJIEHHE C1a60/IerMpoBaHHoOM 6a3bl ' . B ueanu-
3UPOBAHHOW MO/JIeJIA OHO IMoJiaraeTcs 0eCKOHEYHO MaJsbiM. B 3KBUBasieHTHOU
cXeMe peasibHOT0 TPAaH3UCTOpPa 3TO CONPOTHBJIEHUE SIBJISIETCS 3JIEMEHTOM 00OpaT-
HOH CBSI3U IO HaNpPs>)KEHHWI0 BXOJAHOW U BbIXOJHOMW Lieneil (cMm. puc. 4.5,a,6). Ilo-
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CKOJIbKY 0a30BbIi TOK B OCHOBHOM OINpeJiesisieTCsl MpoleccaMyd pPeKoOMOWHaUU
HEOCHOBHBIX HOCHUTeJIed B 0ase, OH NMpPOTEKaeT MepHeHJUKYJAPHO OCHOBHOMY
InpPYy3MOHHOMY NMOTOKY HEOCHOBHBIX HOCUTEJIEM OT 3IMUTTEpPA K KOJUJIEKTOPY.
Ba30BbIN TOK TedeT napasijieJibHO NOBEPXHOCTSAM 3MUTTEPHOTO U KOJIJIEKTOPHOTO
p-n MepexXo/ioB Y 3aMblKaeTcsl yepe3 6a30BbIM BbiBoJA. Hampumep, B ocecuMMeT-
PUYHOM CTPYKTYype 60A30BbIM TOK TEYET paJUaibHO OT LeHTPa CTPYKTYpPhI K 6a30-
BOMY KOHTAaKTYy Ha ee nepudepum.

IIpu pacyeTe "' cI0KHBIE KOHPUTYPAI[MH 6a30BBIX 06/1aCTell pa36GUBAIOT Ha
NPOCTbIE 3JIEMEHTHI, /11 KOTOPbIX JIEFKO PACCYUTATh CONPOTUBJIEHUE Js 3aJaH-
HOr0 HampaBJ/IeHUs NPoTeKaHUs Toka. COMpoTHUBIeHUe T 5 ONpee/saloT KaK CyM-
My CONPOTHBJIEHWU HECKOJIbKHUX y4acTKOB MPOCTONM TeOMEeTPUYeCKOH (OpMBI,
BKJ/IFOUEHHBIX MOCJIEJ0BATENbHO B/0Jb HalpaBJAeHU MPOTEKAaHUs 6a30BOr0 TOKa.
B Ta6.1. 4.2. npuBeieHbl pe3ybTaThbl pacdeTa 060beMHOT0 CONPOTUBJIEHHUSA T § /IS
NPOCThIX TEOMETPUYECKUX POPM; KUPHBIMU CTPEJIKAMMU YKa3aHbl HalpaBJeHUS
NpoTeKaHHsA 6a30BOT0 TOKa.

Ta6suna 4.2
['eomeTpuyeckue GpopmMbl 3J1EMEHTOB 6A30BBIX 06J1aCTEN
Koudurypanus ' KoHndurypanus '
6a30BoM 06J1aCTH Popmyna pna T g 6a30BOM 06Js1aCTU Popmyna pns T p
ph p
n @ 3wl 8w
\ T:
| ph p 2
q 0 12wl 4w n
\ e
p_h P In—
‘ 0 wl 2mTwW ]

B peasibHBIX TPaH3UCTOpPAX MPOUCXOAUT MOAYJALUS TOJUUHBI 6a3bI
KOJIJIEKTOPHBIM HAINpsDKEHUEM: C yBeJHWYeHUeM OOpaTHOro CMelleHUsI Ha
KOJIJIEKTOPHOM nepexofie Uxs , LIMPUHA CJ1051 00'bEMHOT0 3apsAJa KOJJIEKTOPHOTO
Iepexo/ia Bo3pacTaeT B OCHOBHOM 3a CUeT cjabojierupoBaHHOM 6a3bl. Ha puc. 4.6
3TOT 3¢ PeKT NPOUJIIDCTPUPOBAH HA IPUMeEpPe TPAaH3UCTOpa p-n-p Tuna. Ha atom

-13 -



pUCYHKe IOKa3aHO pacnpejie/ieHde KOHIIeHTPAallMd HEeOCHOBHBbIX HOCHUTeJ el B
6a3e B aKTUBHOM peXXUMe paboThl TPaH3UCTOpaA (Hanpumep, pacnpejesienue 1).

d )

Puc. 4.6. PacnpeneneHve KOH-
[eHTPalUU HEOCHOBHbIX HOCH-
TeJier B 6a3e p-n-p TPaH3UCTO-
pa; pacnpegeneHve 1 cCOOTBET-
cTByeT  HanpspkeHutro  U'ks,
2 — Hanpspkenuo Uy,

Y U] > Ul

Ak

I AR

— - oy -kl l— ———

o W
L)

| ' | IMUTTEP HWHXKEKTUPYET B
6a3y HEOCHOBHbIE HOCUTEJNU. UX rpaHMYHasA KOHLIEHTpalUsaA Ha 3MUTTEPHOM Iie-
pexoze
aUss

kT (4.7)
KoJi1eKTop sKcTparupyeT HeOCHOBHbIE HOCUTEIM U3 6a3bl, I0O3TOMY MX IPaHUY-
Hasi KOHLLEHTPALMsSI CO CTOPOHBI KOJIJIEKTOpa B 6a3e pi(x = w) = 0. KoHueHTpa-
IIMsl HEOCHOBHBIX HOCHUTEJIEH CIaZaeT BJOJb OCH X IO JUHEHWHOMY 3akoHy [11].
b y3rOHHBIM TOTOK HEOCHOBHBIX HOCUTEJIEN B HAallpaBJeHUHU KOJIJIEKTOPA OIl-
pezensaeTcs rpaiJMeHTOM UX KOHLeHTPaLUH

prb: (x=0)= pEuEIp

E( R
x=0)
_ E _ _ p!'!

Iy = —q53Dsn grad py(x) = —qS3Dpp ———

[I03TOMY IIPO NMOCTOAAHHOM TOKE€ 3MUTTEepa HAKJIOH paclpe/eeHUs KOHLEeHTpa-
MM HEOCHOBHBIX HOCHUTEJIEM B Oa3e 0CTaeTCsd HEU3MEHHBIM IPU JIIOObIX KOJIJIEK-
TOPHBIX HanpspkeHusx. Ha puc. 4.6 BUAHO, YTO POCT 0OPATHOrO CMELIEHUs Ha
KOJIJIEKTOpe NPUBOJAUT K CyxkeHHIo 6a3bl oT W' 10w, TlockosbKy 6a3a cy»xaeTcs

34 CHET paClIMPEHHNA KOJIJIEKTOPHOI'O I1epexoaa
ow 0ddy

AUy 0Uygs
[IpoauddepeHyupoBaB BbipakeHUe J[Jis TOJIILMUHBI KOJIJIEKTOPHOTO Mepexoza

(cm. dopmyany (4.6)) no Uyg, npu ycnosuu |Uygg| > @, monyuum
aw dH

WU  2|Uggl” (4.8)
CyxeHue 6asbl NOJ AeUCTBUEM BO3pacCTaIOLIero KOJIJIEKTOPHOrO Hampshke-
HUSI IPUBOJUT K poCcTy KoadduimeHTa nepeHoca &, (cM. popmyay (4.2)) u K poc-
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Ty KOJIJIEKTOPHOTO TOKa
IK = {1'1!3 + 'rI'CEU R

37ech lyso - 06paTHBIN TOK KOJLJIEKTOpHOro nepexoza npu Is = 0

ConmpoTHUBJIEHUE KOJJIEKTOpaA 73 peajbHOro TPaH3MCTOPA BBLIYUC/IAIOT C yye-
ToM 3pdeKTa MOAYIALUU TOJNIUHBl 6a3bl KOJJIEKTOPHBIM HaIpsKeHHeM

Gyt = 280
0w 0Uxs

[TOCKOJIBKY /Il CIJIAaBHBIX TPAH3UCTOPOB & = i, TO % Ha OCHOBAaHUH GOPMYJIbI

(4.2) c yueToMm (4.3) MOXKHO 3anucaTh
da (w sl; (2w+wsy)

==+
aw L% 53DEH

N OKOHYaTeEJIbHO,

)t = I (1_-.::+ sﬂ3(2w+w3)).
2|Ugsl \ Lg S3Dgy

B pe3ysibTaTe MOAYJAILMY TOJILMHBI 6a3bl KOJJIEKTOPHBIM Hamps>KeHUEM B
TPaH3UCTOpe BO3HUKAET OTpHUIAaTe/ibHasi 0OpaTHasi CBsA3b MO HANPSHKEHUIO, YTO
VYUTBIBAeTCS B JKBHBAJEHTHOH CXeMe TeHepaTopoM HampshkeHHs HysUys B
3MUTTepHOU 1enu (cM. puc. 4.5, a). Bo3HUKHOBEHHE OTpUllAaTEJbHOW O0OpPaTHOM
CBSI3U 10 HaNpsXKeHHUIO MOsICHsIeT puc. 4.6. CpaBHUBas pacrnpejesieHue KOHILEH-
TpaljdM HEOCHOBHbIX HOCUTeJIEW B 0ase JJisl JIByX KOJIJIEKTOPHBIX HaNpsXKEHUU
pU ycaoBUM [s=const, JieTKo BUAEThb, YTO POCT 0OPATHOI'0 CMeEILeHUs Ha KOJLJIEK-
TOpe BbI3bIBAa€T YMEHbIIIEHWE 'PAHUYHON KOHLIEHTPALlMU Ha 3SMUTTEPHOM Iepe-
X0/i€, U, CJIe[JOBATEJNbHO, yMeHbIIEHHE 3MUTTEPHOT0 HANIPSKEHUSI.

KoadpduuieHT 06paTHOU CBSI3W MO HANPSXKEHUIO MOKHO MPEJCTAaBUTb B BU-
Jie Tpex nuddepeHIMaIO0B
_ Uy _ 0Uy;  0ph(x=0) ow

aUKB 5 =const apf (X =0) ow aUKB

His

Haxops us (4.7)
dUsg kT

apE(x=0) q
Y3 MoJ00Ms TPeyroJIbHUKOB Ha puc. 4.6
dpr(x=0) pa(x=0)

(PEGx = 0))_1 :

adw w
a Tak)Ke Ucnosb3ys (4.8), s s MOXKHO OKOHYATEbHO MOJTYYUTh
kT d 1
K

Mo =T W 20Ul
,Z[J'IH OIIMCaHHuA 3TOI>i O6paTHOﬁ CBA3HU 4Yallle BMECTO IeHepaTopa HallpAXEHHUA B
SMUTTEPHOH IleNy BKJIIOYAIOT CONPOTHBJEHHWe T 5 B 6a30BYI0 Lelb (CM.
puc. 4.5, 6):

r

0Usg

0Usp 0Uxs
° aIH I

— = — "'k -
Uy oI,  HoTK

=const
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3aMeHa reHepaTopa HanpshkKeHHUd [i3Uxs compoTuBieHueM I 5 B 6a30BOM Lienu
NMPUBOAUT K U3MEHEHHUIO CONPOTUBJIEHUA IMUTTepa. Ero HoBoe 3HaUeHUe 13 MOX-
HO OMpeJie/INTh, CPABHUB NlepeMeHHOe BXOJHOe HanpsbkeHue Usg A/ JBYX 3KBU-
BaJIEHTHBIX cxeM (puc.4.5,a,6) B pe’KMMe KOPOTKOT0 3aMbIKaHHUS M0 TepeMEeHHOMY
TOKY Ha Bbixoze Uy = 0
: .. )
— 4= _ r Ir
M3 yci0BUSI HEU3MEHHOCTU BXOAHOI0O HaNPSHXKEHUS
L B | _
R =rn—1n(l-a).
BapbepHas eMKOCTb KOJJIEKTOPHOTO nepexosa Cy s, MOXKET ObITh paccyuTa-
Ha o popmyJie JJisl pe3KOro HECUMMETPHUUYHOTO nepexoja [12]
1/2
c B ( £.£,qN; )
Kéap —
[Ipu paboTe TpaH3UCTOpa B KauyeCcTBe yCUJIMUTEJISI MAJOr0 CUTHa/la Ha aKTUBHYIO
I
Harpysky (cm. puc. 4.5,6) nenodka r;Cy s, LWYHTHPYET COMPOTHBJIEHHE HArPY3KH

R. C pocTOM 4acTOThI IIYHTUPYIOLIEE AeUCTBUE BO3PACTAET, YTO MPUBOJUT K CHU-
)KEHUI0 K03QPUIlMeHTa YCUJIEHUS N0 MOUHOCTHU. YacToTa, HA KOTOpOou KO3dPu-
UEHT yCUJIEHUS 0 MOUIHOCTU CTAaHOBUTCS PAaBHBIM €JUHUIIE, HA3bIBAETCS MaK-
CMMaJIbHOW YaCTOTOW reHepaluu

| af, L« £

- \,BrrrE' Cx 5ap - \'l 1 —a 8mrgCxgyyp

U fIBJISAETCA OJHUM M3 MapaMeTpPOB, XapaKTepPU3YIOLUX YaCTOTHbIe CBOMCTBA OU-
NOJIAPHOTr'O TPAH3UCTOPA.

PacueT ajieMeHTOB (pU3MYECKON 3KBUBAJEHTHOU CXeMbl U MaKCHMaJbHOU
YaCcTOThI FreHepalyu cJeJyeT BbINIOJHUTH B pabo4yeur TOUYKe, ONpesieIeHHOU 3a/a-
HHUEM, C yY4€TOM YTOYHEHHbIX 3Ha4YEeHUHW TIapaMeTpPOB f.p uhsqs.

fma.r

Pacuem 8bIX00HbIX cMamu4ecKux XapaKkmepucmuk

HpI/I IIpoBeaA€HHUHN MHXEHEPHbLIX PACYE€TOB A0 CHUX IIOP IIpeEAIIojarajocChb, 4TO

TOJIL[MHA aKTUBHOM 4YacTW 6a3bl paBHA PACCTOSIHUI0 W MeEX/Jy MeTajiypruye-

CKHMMU IPaHULIAMU p-Nn MEPEXO0B IMUTTEPA U KoJlJleKTopa (cM. puc.4.4, 4.6). On-

HAaKO, TOYHee OMNpeJeJIUTh TOJIIMHY aKTUBHOM 4acTH 0a3bl KaK TOJIIIUMHY 3JIEK-

TPOHEUTPaAJIbHOW 6a3bl, 3aKJIYEHHON MEXAY CJ0SIMA 00'bEMHOTrO 3apsi/jia 3MHUT-
TEPHOT0 U KOJIJIEKTOPHOTO Mepexo/0B (CM. puc.4.6): wg = w — dy — ds.

s pacdyeTa BBIXOAHBIX XapaKTEPUCTUK OUIOJIAPHOTO TPAH3UCTOPA, BKJIIO-

YEeHHOTr0 Mo cxeMe C 0011 el 62301, MOXKHO BOCII0JIb30BaThCSA GOPMYJI0H

Iy = aly — Iy, (Elp {?Uj — 1).

kT (4.9)

O6paTHBIM TOK KOJJIEKTOPA [ks0 IPU OTKJIIOYEHHOM 3MUTTEPE ONpeessaeTcsa IKC-

TPaKIell HEOCHOBHBIX HOCHUTEJIEN M3 KBa3sWHEUTpPaJIbHbIX 00J1aCcTel, MpUJierar-

IMUX K KOJIJIeKTOpHOMY nepexoay. [Tockonbky Ng >> N, TOKOM aKCTpaKLMK HEOC-
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HOBHBIX HOCHUTEJIEH U3 KOJIJIEKTOPHON 00J1aCTH MOXXHO NpeHebpeyb MO CpaBHe-
HUIO C TOKOM 3KCTPaKILUK U3 6a3bl. Ho mpu ycoBuu Wy << Lg KOJIJIEKTOPHBIH Tie-
pexoJi 3pPeKTUBHO COOUPAET BCE HEOCHOBHbIE HOCHUTE/IW, BOSHUKIINE B pPe3yJib-
TaTe TENJIOBOW reHepanuu B 6a3e [12]. CKOpoCTh TeNJ0BOM reHepaliu HEOCHOB-
HbIX HocuTeJsel B 6ase Ngy/Tg , 06'beM, B KOTOPOM IIPOMCXOAUT TEIJI0Basi reHepa-
st Sy Wg , IO3TOMY

I qNguwg
KO =9k __
s (4.10)
C y4yeTOM NpOoLLeCCOB reHepallMi HOCUTEJIEN B KOJIJIEKTOPHOM MepPeXo/ie
Ixso = Ixo + Iek (4.11)
a TOK reHepaiui lzx paccuutbiBaeTcs no ¢popmyJie [12]
l, S q n'z'dk'
GE = 9Kk 45 _
2 Tg (4.12)

Jlnsi pacyeTa BBIXOJHBIX CTAaTHYECKUX XapaKTEPUCTHUK MPOEKTUPYEMOTO
TpaH3ucTopa ucnosbdyetcd IBM CM 14-10. [Iporpamma " KURS4 " na ®POPTPAHE
npuBeJieHa B NpuJ. 4. B nporpaMMe ToJIIMHA aKTUBHOM 4acTU 6a3bl Wy paccyu-
ThIBAEeTCS O€3 yueTa MU3MEeHEeHUsI HalpsKeHUsI Ha SMUTTEPHOM Tlepexo/ie - IUPH-
Ha CJ10s1 06'bEMHOTI0 3apsifia Ha ASMUTTEPHOM nepexoje npu jaw6om Usg monaraer-
cs1 paBHOM do (ero mupune npu Usg = 0)

wg =w —dyg —dg
PacueT xapakTepuUCTUK NMPOBOJUTCS B MPEAINOJI0KEHHUH, YTO TeMIlepaTypa MoJy-
MPOBOJAHUKOBOTr0 KpUctasiia coorseTctByeT 300 K.

AJITOpUTM cyeTa NpPUBEJIEH B TEKCTE NPOrpaMMbl (CM. KOMMeHTapui). OH 6a-
3upyeTcs Ha popmynax (4.2), (4.6), (4.9) - (4.13). [lna BbINIOJIHEHUS pacyeTa B
MallWHYy CJeJlyeT BBECTHU UCXO/IHbIE JaHHbIEe (Ta0Js1.4.3) .

Ta6suna 4.3
I/ICXO,ELHbIe AdHHBbIE€ K pACYETY
0O603HaYeHHE Enununa 0O603HaYeHHE B
['pynna BBouMad BesiMYUHA
BEJIMYUHBI M3MepeHUs nporpamMmme
I KoH1eHTpauus HocUuTeen B

6ecIpuMeCcHOM MOJIYIPOBOJ- n, cM 3 NI
HUKeE
KoH1leHTpalusi HEOCHOBHBIX ] =

HeHThat Ney eM™? NBH
HOCUTeJsIel 3apsa/a
Bpems >KM3HU HEOCHOBHBIX . TAUB
HOCHUTeJIeH B 6a3e = ¢
JAunddysronHas [MHa Heoc- I LB
HOBHBIX HOCUTeJIel B 6ase B M
KoadpunueHT au 3UU .

bPpun Audoysr Dey emM? /e DBH
HEOCHOBHBIX HOCUTEJIEN B 6a3e =

I1 CKOpOCTb NOBEPXHOCTHOU
S cM/c S

peKOMOUHA UK

-17 -




[lnowanps aMuTTEepa s, en? SE
[Inowaab KoJIeKTOpa Sy ca? SK
dddexkTUBHAsA MI0OIIA/b M10- 5 en? Sp
BEPXHOCTHOW pEKOMOHHAUHU P

I1 TonyrHa akTUBHOM YacTH
6a3bl w M w
KoHTaKTHas pa3HOCTb IOTEH-
[IMaJIOB Ha p-n nepexo/jie Pk B FIK
[llupuHa p-n nepexosa B
OTCYTCTBHE BHELIHUX HANpS- dy cM D
KEHUH

Bce BBoMMbIe B MAIlMHY BeJMYHWHBI Pa30OUThl HA TPHU Ipymbl. YUCIeHHbIE
3HAYEeHMUS BEJIMYMH KQXKIOU IPyNIbl BBOJASTCSA MOC/€ COOTBETCTBYIOILETO 3ampoca
IporpamMMal.

Yucsa, vMcnoJsib3dyeMble JJis pacyeTa, AeHCTBUTEJbHOTO THUIMA C YABOEHHOU
TOYHOCTBI0. UcxXoAHble ZaHHble BBOJSATCS B 3KCIOHeHIHaabHOU ¢opme m + 107,
re m - MAHTHMCCA, 3allMCaHHAs C UCII0JIb30BaHHUEM JIeCATUYHON TOYKH, N - TIOPS-
Jlok yuciaa. [lpumep: yuciao 0,256 MoxxHO 3anucaTh B Buje 2.56D-1.
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Kpome nepeuncieHHbIX, B IPOrpaMMe TaKKe UCN0JIb3yITCs 0003HaYEeHUS
B TEKCTE Uks | Ix | Is | Ikso | Iko | lek | do | dk q a
B nporpamme | UKB | IK | IE | IKBO | [KO | IGK | DE | DK | Q | ALFA

[Ipu pacyeTe cTaTU4ECKUX XapaKTEPUCTUK HE3aBUCUMOU NlepeMeHHOU ABJIS-
eTcsl KoJuiekTopHoe HanpspkeHue Uyg, a mapaMmeTpoM - Tok amuTTepa /3. HaGop
3MUTTEPHBIX TOKOB, IPX KOTOPBIX PACCYUTHIBAKOTCS BBIXOJHbIE XapaKTePUCTUKH,
coctaBJjsieT MaccuB M. OH COCTOMT M3 Tpex 3HayeHui /3 B MA ( M=3).

Ha6op 3nauennit Uyg , Mpu KOTOPBIX MPOUCXOAUT pacyeT i , COCTaBJsIeT Mac-
cuB N . B aToT MaccuB BxoadaT 15 3HaueHud Uyg : ceMb U3 HUX COOTBETCTBYIOT aK-
TUBHOMY PEXHMY paboThl (B mporpaMmMe 3ToMy pexxumy cootBetcTByeT Uy > 0);
cemb - pexkuMy HacbleHus (Uys < 0); u Ugs = 0 - rpanuyHoe /11 3TUX PEKUMOB
B cxeMe c o6uiei 6a3oi. MaccuB N BBoauTCA B BU/e liara Hanpspkenus: Uyg B cTo-
POHY MOJI0KUTENbHBIX 3HadeHU# ( DIl ) u mara B cTOpoHYy OoTpulLlaTebHbIX 3HA-
yenuit Uyg - (DM )

Pe3ysibTaThl pacyeTa BbIBOAATCS Ha NeYyaTarollee YCTPOUCTBO B BU/Jle TAOJIH-
I bl.

MOPAJAOK 3AIIMUTHLI U TPEBOBAHUA ITPU 3ALIIUTE KYPCOBOM PA-
BbOThbI

3a BpeMd KypCOBOI'0 NPOEKTUPOBAHUA NPOBOAATCA JBe KOHTPOJIbHbIE NIPO-
BEPKMU JJisd OobOecnedyeHHs] CUCTeMaTU4YeCKOW paboTbl CTyAeHTOB. CpOKM KOH-
TPOJIbHBIX IPOBEPOK YKa3aHbl B 3aZlaHuM. K nepBor npoBepKe CTYJEeHT AOJLKEH
BBINOJIHUTb 00'b€M PabOThI B COOTBETCTBUU C NN.4.1 1 4.2, KO BTOPOU MPOBEPKE -
nn.4.3, 4.4. Pe3ysibTaTbl KOHTPOJIbHBIX IPOBEPOK 3aHOCATCA HAa KapTy KOHTPOJIA U
YYMTBIBAIOTCA MIPY BbICTABJIEHWH UTOTOBOM OLIEHKH 3a KyPCOBYIO PabOoTYy.

BrinosiHEHHas1 CTyJleHTOM KypcoBas paboTa MpeJCTaBJsSeTCS Ha MPOBEPKY
PYKOBOJUTEJIIO B CPOK, YKa3aHHbBIW B 3a/IaHUU.

3almuTa KypcoBoM paboThl MPOBOAUTCA Mepel], KOMUCCUEN, Ha3HAa4YeHHOM 3a-
BeAyouM kadeapou. [lpu 3aute paboThl CTYAEHT [JODKEH YMETh 000CHOBATH
BbIOOp TOTO MJIM MHOTO pelleHUs PU NPOeKTUPOBAHUU NIPUOOPA, MOHUMATh QU-
3UYECKUNA CMBICJ pacyeTHbIX GOPMyJl M 3HATh JONYILIEHUs, IPU KOTOPBIX CIpa-
Be/IJIMBbI 3TU GOPMYJIbI.

KypcoBas paboTa oLeHHBaeTCsd IO COBOKYMHOCTH (PAKTOPOB: IrJ1yOMHA 3Ha-
HUU, IPOJEMOHCTPHUPOBAHHBIX CTYJ€HTOM NPU 3allliTe PaboThl, 006 b€EM U KA4eCT-
BO NPOJieJIaHHOM pabO0ThI, CACTEMATUYHOCTb pab0ThI, aKKypPaTHOCTb 0(pOpMJIEHHUA
paboTHhI.
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[TPUJIOKEHHUA

1. OcHOBHbI€ 3/71eKTpOodPU3UYECKHE TapaMeTPbl TEPMaHUsI U KPEMHUS

[TosrynnpoBOAHUK [lupuHa KoHueHTpauus HocuTesien | [luasieKTpudeckas
3anpelleHHON 30HbI B OeCIiprMecHOM NPOHUIIAEMOCTh
npu T= 300 K, 3B. NOJIYIIPOBOJHUKE, £n
n,cm™3
['epMaHuii 0,67 2,4%10" 16,3
KpemHuii 1,12 1,9%10" 11,7

2. MOHOKpHUCTA/JIMYECKUU TepMaHUuM

['epMaHUl MOHOKPHUCTA/IJINYECKUU IPOU3BOAUTCA B BUJIE CJIMTKOB C N-TUIIOM
3JIEKTPONPOBOJHOCTHU (JIETHPOBAHHBIX CypbMOW) U C p-TUIOM (JIETUPOBAHHbIX
rajiJineMm).

[IpruMephl yCI0BHOTO 0603HAYEHHUSI MApPOK repMaHUs: ['3C5rl,

AT 5 n5,
rae I'- repmanuid, 3 uau /| -tun asiektponpoBoAHOCTH, C uiau I - jerupoBaHHbIN
CypbMOM WJIM Ta//IMEM, 5 - HOMHHa/ Y/IeJIbHOT'O CONMPOTHBJAEHHsT B OM * cM
(cM. Tabu. 11.2.3); T, o UK apyryve 6yKBbl — pa3bpoc y/1eJIbHOTO CONPOTUBJIEHUS P,
1, 5 - 3Ha4YeHue MJIOTHOCTU AYCI0KALMHU,

Tao6smna I1.2.1

HomuHasibl YAEJBbHOI'O COITPOTUBJIEHUA

UuTtepBan yaenbHoro | lllar usmMeHeHUss HOMUHAJA YAEJIbHOTO
conpoTtuBaeHus, OM * cM conpoTtuBaeHus,, OM * cMm
0T 0,0001 pmo 0,001 Yepes 0,00005
0Tt 0,001 100,01 Yepes3 0,001
0T 0,01 no 0,1 Yepes 0,05
0or0,1 no 1,0 Yepes3 0,01
0ot 1,0 1o 10 Yepes 0,5
BoJiee 10 Yepes 1
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Ta6auna I1.2.2

Juddy3roHHas AMHA HEOCHOBHBIX HOCUTEJIEW B repMaHUU

YaenbHoe conpoTuBaenue, | JuddpysnoHHas JIMHA, MM, He MeHee

OMm = cM ABIPOK 5JIEKTPOHOB
0,24-0,5 0,3 0,3
0,5-09 0,4 0,5
09-2,5 0,5 0,6
2,5-4,2 0,8 0,8

4,2-16,0 1,0 1,0

16,0 - 36,0 1,2 1,2

cBbllLIE 36 3,0 3,0

Tao6smna I1.2.3

Hapameprl CJIMTKOB MOHOKPHUCTAJIJIMYECKOT' O repMaHHA

Pasb6poc yaesnbHOro o
HWHTepBaJ HOMUHAJIOB o [InoTHOCTB AUCAOKALMY,
Jlerupywoujasi | conpoTuJieHus, %, .
yAeJIbHOI'O COIIPOTUB- cM2, He 6oJiee
[MpuMecChb He 6oJiee
JgeHud, Om = cm
al| 6 B r | O 1 . 5 6
0,003 -0,01 CypbMa - 120 - 15| - 5% 107 - -
0,01-0,1 CypbMa - 120] - |15 - | 5=10% | 5=10° | -
0,1-6,0 CypbMa - 120 - |15] - - 5+10° | 10
6,0 - 15,0 CypbMa - | - ]1175|15| - | 5=10° | 5=10° | 10
15,0 - 45,0 CypbMa 2520 - |15/ - - 5+10° | 10
0,0001 - 0,001 Tanuit - 120| - [15|10| 5= 10° - -
0,001-0,1 Tauiuit - 120 - |15|10| 5+=10% | 5=10° | 10
0,1-6,0 Taumid - 120 - |15/ 10 - 5+107 | 10
6,0 - 15,0 Tauit - 120] - |15/|10 - 5% 10° | 10
15,0 - 45,0 Tami - 120 - |15/ 10 - 5+107 | 10

3. MOHOKpHUCTA/UIMYECKUU KPEMHUU

B coBpeMeHHOM NPOU3BOJCTBE OCHOBHBIM METO/OM IMPOU3BOJCTBA MOHO-
KPUCTA/IJINYECKOTO KpeMHHUSsI 0611[eT0 Ha3HaYeHUs SABJIsieTcs MeToi YoXpaIbCKOTo
(p < 250 OmM * cM). ITUM METO/[0OM BbIPALIUBAIOTCS CJUTKU C N- U P- TUIIOM 3JIeK-
TPOMPOBOJHOCTH.

[IpuMepnI yCc10BHOT0 0603HAYEHUSI MAPOK KPEMHUS: 1A5 Kb 7,5/0,1-40;

1A 4 K2® 5/0,1-40,

rae 1A - mapka KpeMHus, 4,5 niau apyrada uudpa - rpynmna Mmapok, K — kpeMHuy,
3 wau /| - TUI 3JIEKTPONPOBOAHOCTYH; 7,5 uam apyrve nudpbl — HOMUHAJ y/e/b-
HOTo conpoTuBaeHus B OM * cM. ludpPpysroHHas AJMHA HEOCHOBHBIX HOCUTEEeMH
3apsja Js BceX MapoK KpeMHHS MoXeT npeBbimaTh 0,1 su6o 0,2 MM; MUHU-
MaJibHOe 3HayeHUe AUPPY3UOHHOU AJMHBI YKa3aHO B MapKUpPOBKe IuUdpaMmy,
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CTOAIIMMU mocjae Kocou dyepThl; b, @ - npumech 60opa wiau pocdopa; AuameTp
CJIMUTKA B MM.

Ta6suna I1.3.1

MOHOKpI/ICTaJIJII/I‘IeCKI/Iﬁ KpEMHI/Iﬁ 06]].(61"0 Ha3HA4Y€HHUA

HWHTepBas yJesbHOro [InoTHOCTB
Pas6poc yaenbHOro . Jlerupyromas
Mapka | ['pynna | conpoTHUBJieHUs, 0 JVCII0KaLuH,
OM * cM conpoTtusJieHusd, % M2 npuMechb
1 15 10° — 2= 10°
2 15 2+ 10°
3 20 10° — 2+ 10° | docdop
1A 4 1-15 20 2+ 10° Bop
5 20 10
6 15 10
1 20 10° — 2 = 10°
24 |2 15-25 15 2+ 10° g’:cq"’p
3 20 10 P
25 1 25 - 40 20 5= 10% docdop
2B 1 40-75 20 5= 107 ®ocdop
2 1 50 - 150 25 5+ 107 Docdop
2/1 1 100 - 250 30 5= 107 ®ocdop
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