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BJIEKTPOHHBIE KOMIIOHEHTHI CUCTEM OIITUYECKOM CBS3M.
[HOJIYIIPOBOJHUKOBBIE JIAZEPHI 1 CBETOU3JIIYUHAIOIIUE ANO/ABI.
I[NEPEJAIOHINE OIITOSJIEKTPOHHBIE MO VYIJIN.

AHHOTAIIUA
PaccmoTpen mpoliecc u3iydaTellbHOW PEKOMOMHAIMK W YIPOILIEHHAs TeTepo-
cTpyktypa. Ilpoananu3upoBaH NOPUHIUIT JCHCTBHUS CBETOM3IIYYAIOIIUX JUOJOB H
Ja3epHBIX JHOJIOB, UX XapPAaKTEPUCTUKU M mapameTpbl. JlaHO onuncaHue OCHOBHBIX

QJIEMCHTOB IEPpCAaOCTO OIITHYCCKOTO MOAYJIA U CXEM ITIOCTPOCHUA.

1 U3JIYYEHUE 'ETEPOCTPYKTYP

3HayuTeNbHbIE MO CBOEH aKTyaJIbHOCTH MEpPCHEKTUBBI BO3HUKIN B TOM oOiactu
(GU3MKK TONYIPOBOJHUKOB, KOTOpash M3Yy4yaeT JIOMUHECUEHLUIO — M3ITy4YaTebHYIO
PEKOMOMHALMIO  3JIEKTPOHOB W JBIPOK. OTO  SBJICHUE IMO3BOJWJIO  CO3/1aTh
NOJIyIIPOBOJHUKOBBIE ICTOYHUKH CBETA — CBETOAUO/IbI M MHKEKI[UOHHBIE J1a3€PBhl.

[lepBble OTKpBITHS 374€ch ObUIM clenaHbl B Hamed crpade euié B 1923r.
O.B. JloceBbim, pabotaBmuM B JICHMHTpaaCKOM (PU3UKO-TEXHMYECKOM HHCTUTYTE H
Hwxeropojckoit paguorexHudeckor Jsabopatopun. JloceB mmcan: «Y KpPUCTAIOB
KapOopyHAa (IMOTyNpo3payHbIX) MOKHO HAaOMIOAATh (B MECTE KOHTAKTa) 3€JICHOBATOE
cBeueHue npu Toke Bcero 0,4MA... CBeTAIUACA AETEKTOP MOXXET OBITh MPUTOJEH B
KayeCTBE CBETOBOI'O pPeJie KaK O€3bIHEPIIMOHHBIA HCTOUHUK CBETA.

Onnako peaii30BaHbl HA MPAKTUKE 3TU Ujeu ObLau nuiib B 60-70-¢ roapl, nmociue

oOHapy:xeHus 3hHEKTUBHON JTIOMUHECIICHIIMH MTOJIYITPOBOIHUKOBBIX COSIMHEHHM TUTIA

i v ,
A" B" -dbocduna u apceHnia rauias U UX TBEPABIX PaCTBOPOB. B urtore Ha ux
OCHOBE OBUIM CO3/1aHbl CBETOAMOABI M TAaKUM OOpa3oM 3ajoKeH (PYHIAMEHT HOBOM

OoTpacCiii TCXHHUKH — OIITO3JICKTPOHUKH.



CoBerckue yu€Hble BHECIH B pa3BUTUE JAHHOW 00JIACTH CYIIECTBEHHBIN BKIIA/I.
KU, AndépoB  (akageMuk, JOUPEKTOpP  (UBHKO-TEXHUYECKOTO  HMHCTHUTYTa
uM. A.®. Hodde, naypear JIeHMHCKOM TIpeMUU) TMOJYYMJI 30J0TYH0 MeEIallb
AMepHKaHCKOTO (PU3NIECKOTO OOIIECTBA 32 UCCIIEOBAHUS TETEPOCTPYKTYp Ha OCHOBE

Ga,_,Al,As emé B 70-x romax. B 2000 r., xorga crano sICHO, Kak BEJIHMKO 3HAUYEHUE

TUX PaldOT JUId pa3BUTUS HAYKHM U TEXHHUKH, HACKOJIBKO Ba)KHbl UX IMPAKTUUYECKHE
OpUMEHEHUsl JJIs 4YeJloBEeYecTBa, eMmy Oblia mnpucyxiaeHa HoOeneBckas mnpemus,

koTopyto oH pazaenun ¢ H.b. Kpamepowm (CIIIA), Taxxe paboTaBmuM B 3TON 00J1aCTH.

1.1 IIpouiecc BOBHMKHOBEHHUS U3JIYUYECHUS B P-N-MIEPEXOJIE

Ecin B oOpasue co3maH p-n-mepexoj, T.e. TPaHHUIIA MEXIy OO0JacTsIMU C
JIBIPOYHON (p-) W DIEKTPOHHOM (N-) MTPOBOJAUMOCTHIO, TO TMPU TMOJOKUTEIBHOU
MOJISIPHOCTH BHEUTHETO0 HCTOYHHMKA TOKA HA KOHTAKTE K P-00JacTu (M OTpULIATEIHHON —
Ha KOHTaKTe K N-00JacTH) MOTEHIUAIbHBI Oaphep B p-n-nepexoiie MOHUKAETCA U
AJIEKTPOHBI U3 N-00JIaCTU UHKEKTUPYIOT B p-00J1acTh.

B orcyrcrBue cmemenus (U=0) ypoBenb depMu  OJUMHAKOB BO BCEM MEPEXOE

Eyp = E 4y v Gapbepbl Ul OCHOBHBIX HOCHTEINEH BBILIE, YeM HPH NPSMOM CMEIIECHHH

p-h-miepexo/1a, Koraa ypoBHHU pazusurarorcs Ha Benuuuny eU = E gy — Egp.

NHXeKTUpOBaHHBIE JJIEKTPOHBI M JIBIPKM PEKOMOMHHMPYIOT, TEpe/aBasl CBOIO
SHepruto JMOO KBaHTaM cCBeTa hv (W3Jy4yaTelabHas peKOMOWHaImMs), 00, uepes
nedeKThl W TpUMECH, — TEIUIOBBIM KoJie0aHUusIM peméTku (0e3bl3ryyaTenbHast
pexoMOuHarus) (pucyHox 1).

BricBoOoxgaromasics npu pekomOuHanuu 3Heprusi E oOecrieunBaer poxxjaeHue

dortona. JlnmHa  BOJIHBI, COOTBETCTBYIOMIas dSTOMY (OTOHY, OIpEIeIsIeTCs

COOTHOLICHHUEM
ch 1,24
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rac ¢ — CKOpPOCThb CBCTA,



h — mocrosanas [imanka.
B oroii dopmyne mimHA BOJHBI BBIpA)KEHA B MHKPOMETpax, a DHEPIrUs B
AJEKTpOH-BobTax. [loaTomMy 11 oOecrieueHus] TeHepalu W3JIy4deHUus B TpeOyemom

CIIEKTPAJIbHOM JIMana30He JIMH BOJH HEOOXOAMMO MoJa0UpaTh Marepuaibl ¢
COOTBETCTBYIOIICH NIMPUHOM 3anpeIiéHHOM 30061 £, .

Jlis  oOecrieueHuss TeHepanud B O0JaCTH TIEPBOTO OKHA MPO3PAYHOCTH
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Pucynox 1 — DHepreTudeckas guarpamMmma 00bI9HOTO (TOMOTEHHOTO)

p-n-riepexojia B NOJyIPOBOJHUKE MPHU IpsiMOoM cMmettennn U

BOJIOKOHHOTO cBeTtoBoAa (A=0,8 — 0,9MKM) HCHOIB3YIOT COCAMHEHHS Ha OCHOBE
apcenuna rawus (GaAs), a Al CIenyOmMUX OKOH mpo3padHocTH (A=1,3MKM u
A=1,5 MxMm) — coenuHenus Ha ocHoBe Gochuaa naaus (InP).

O4eBUHO, YTO MHTEHCUBHOCTH M3IyUYEHUS HAMNPAMYIO CBsI3aHa C BEIMYMHAMHU
KOHIIEHTPAIIMil HOCUTENICH B P-N-TIEPEXOAC M yBEIMYMUBACTCS MPH UX OJHOBPEMEHHOM
pocTe. DTO JOCTUTaeTcsl 3a CUET YBEJIMYEHHUSI TOKA, MPOTEKAIOIIErO 4Yepe3 MEepexof.

Takum 06p3,30M, 9HCPI'UA BHCIIHCTO MCTOYHHKA, 06GCH€‘{I/IBaIOHl€FO IMPOTCKAHUC TOKA,
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npeoOpazyercsi B SHEPTHUIO U3IIy4aeMbIX (POTOHOB. DTOT TOK MPUHITO HA3bIBATh TOKOM

Haxauku (1, ).

OOBIUHO I OIITUMHU3AHUHA TIPOLCCCa TCHECPAIINN B UCTOYHUKAX, PCAJIM30BAHHBIX
Ha TIIPAKTHUKE, IIPU HU3rOTOBJIICHUH IICPCXOJ10B I[O6I/IB3IOTC$I, YTOOBI KOHOCHTpaInA
OCHOBHBIX HOCHUTEJICH B OJHOM M3 IIOJIYIIPOBOAHHUKOB Obu1a OBI CYIICCTBCHHO BBIIIC,

4YCM B IPYyTOM. TunuyHbIe 3HAYCHUS BEJIMUMH cileayrommue:

N, =10"1/m"); P, =10"(1/n)

To CCTb, pa3HHUIIA B BCIIMYHNHAX Nn 141 Pp BCJINKA. HOSTOMY MO>XHO CHHUTATb, YTO

TOK HAKa4YKH B OCHOBHOM OOYCJIOBIIEH HMH)KEKIIMEW D3JIEKTPOHOB B MOJYIPOBOIHHUKE
p-TuIa.

BeposTHOCTh M3MydaTeabHON PEKOMOMHALIMKM MPOMOPLHMOHATbHA KOHLIEHTPAUU
AJIEKTPOHHO-ABIPOYHBIX Map, IO3TOMY Hapsay C IMOBBILIEHHEM KOHLIEHTpaUui
OCHOBHBIX HOCHUTEJIEH B P- U N-00JACTIX KEJIATEJbHO YMEHBIIATh TOJIIMHY aKTUBHOMN
o0nacTH, B KOTopoil uAET pekomOuHausi. Ho B 0OBIYHBIX p-n-miepexojax 3Ta TOJIMHA
HE MOXXET ObITh MeHbIIe TUDPY3MOHHON JITMHBI — CPEAHETO PACCTOSIHHS, HAa KOTOPOE
b OYHIUPYIOT MHKEKTUPOBAHHBIE HOCUTEIH 3apsi/ia, TOKa He peKOMOUHUPYIOT.

3ajaya OrpaHMYEHUs aKTUBHOW 0OJAaCTHM pEKOMOMHALMK peleHa B KoHie 60-x
ronoB K.U. AndépoBbiM U ero corpyaHukamMu. beimu mpemyioKeHbl U MPAKTUYECKU
U3TOTOBJIEHBI TE€TEPOCTPYKTYpPhI, CHauaja Ha ocHoBe GaAs M ero TBEPIABIX PaCTBOPOB
tuna GaAlAs, a 3areM W Ha OCHOBE APYTUX TMOJYHPOBOJAHUKOBBIX COEIUHEHUH.
B rerepoctpykTypax TOJIIMHA aKTUBHOM 00JACTH pEKOMOUHAIIMM MOXET ObITh MHOTO

MeHbLIe TUPPY3UOHHOMN ITTUHBI.

1.2 T'erepocTpyKTyphI
Ms1 oOcyamin p-n-nepexo/ibl, Ha3BaHHbIE ToMonepexoaamu. Takue mnepexojbl
[OJYYalOTCs W3 IOJYNPOBOJHUKOB C OJMHAKOBOM HIMPUHOM 3anpeliéHHON 30HBI.

OnHako CyHIECTBYIOT COBEPIICHHO pa3iMYHbIC MOJYIPOBOJHUKOBBIE MaTepHUalbl,



KOTOpBIE, TEM HE MEHEE, UMEIOT OJIMHAKOBBIE WJIM MOYTH OJMHAKOBBIE MOCTOSIHHBIC
KpucTauindeckor pemeérku. [loaToMmy oHU MOTYT 00pa30oBBIBaTh OJIMH MOHOKPHUCTAILI.
Ha rpanune mexay HUMU MEHSIETCA IIMPHUHA 3aMpPElEHHOW 30HBI, AUAJICKTPUYECKas
IPOHULIAEMOCTh U APYyrHe cBoicTBa. Takue MaTepuaibl 00pa3yroT reTeponepexoibl.

Takum  oOpa3om, TeTepomepexoJaMH  Ha3bIBAIOTCS  MEPEXOAbl  MEXIY
MOJIYIIPOBOAHUKAMU U3 Pa3HbIX MATEPHUAIIOB C PA3JIMYHOM IIIMPUHOU 3aIIPEIIEHHBIX 30H,
HO MMEIOIINX COTJIACOBAaHHBIE KPUCTAIUINYECKUE PEIIETKH.

I'ereponepexoabl Hanbonee MEPCHEKTUBHBI JJIsi U3TOTOBJICHUS CBETOJIMOAOB U
MOJIYIIPOBOJHUKOBBIX JIa3€POB, YTO OyJIE€T MOSICHEHO JajbIIIe.

UTOoOBI MOTYYUTH TETEPONEPEXOBI C JOCTATOYHO XOPOIIUMH XaPAKTEPUCTHUKAMU,
KPUCTAJUIMYECKasi peIIETKa JOJDKHA C MHUHUMAJIBHBIM KOJIMYECTBOM HAPYLICHUH
MEPEXOIUTh B KPHUCTAJUIMYECKYI) PEHIETKY APYroro MHOJYNPOBOJHHUKA, JJISI YETO U
TpeOyroTCs OJIM3KUE MapaMeTphl MOIYNPOBOJHUKOB, 00Pa3yOUIUX FeTEPOIEePEXO/I.

B rerepomnepexonax Kaxabld U3 TMOJYNPOBOJHUKOB MOXET OBITh p-THUIIA WU
n-tuma. Takum o00pazoM, MOryT OBITh peann30BaHbl YeThipe KoMOWHaIuu. Ecmu
UCIIOJIb30BaTh JJIsi HIMPOKO30HHOTO MaTepualia 0003HAueHUs MPOMUCHOW OykBou N
iy P, a 11 y3K030HHOTO — CTPOYHOM N WJIM P, TO BO3MOKHBI CICIYIOIIME MTPEXOABI C
pasnuyHbiMU cBoMcTBaMu: n— N, p—P,n—Pup—N.

PaccMoTpuM sHEpreTuueckyro auarpaMmmy reTepOCTPYKTYpPhI, B KOTOPOH MEXIY
BHEITHUMHU pP- W N-00JACTSIMHU TOJYNPOBOJHHUKA C OOJBIIMMH BEITMYUHAMH IIHPUHBI
sanpemménnoi 3086l £ n E;; pacnonosxen ToHKui cioif ¢ MeHbieil mupuHoi £, .
TonuuHy 3TOro ciosi d MOXHO clenaTb OYEHb MaJloM, MOpsAJIKa COTEH WM Jlaxe
JIECSITKOB aTOMHBIX CJIOEB. [loMMMO MOTEHIIMaIbHOTO Oaphepa OOBIYHOTO pP-N-TIepexoa
Ha TreTeporpaHuIlax ciios 00pa3yloTCs MOTEHIHAIbHbBIE 0apbepsl IS AIEKTPOHOB AE,,
U JBIPOK AE,. ECIM NPUIOKHUTH K MEPEXOAY MPSIMOE CMELICHUE, BOSHUKHET WHKECKIIUS
AIIEKTPOHOB U ABIPOK ¢ 00X CTOPOH B Y3KO30HHBIH CIIOH (PUCYHOK 2).

DOneKTpoHbl OyAYT CTPEMUTHCS 3aHATH TMOJOXKEHUS C HAMMEHbBIIEeW YHEeprue,

CIIyCKasiCb Ha JHO HOTCHHH&HBHOﬁ MBI B CJIOC, ABIPKKU YCTPEMATCSA BBCPX — K IIOTOJIKY
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BAJICHTHOM 30HBI B CJIOE, T/I€ MUHUMAJIbHBI UX YHEPTHH.

[IInpOKO30HHBIE BHEIIHUE YACTU I€TEPONEPEX01a MOKHO CWIBHO JIETUPOBATH C
o0eux CTOpOH, 100MBasCh OOJBIIMX KOHLIEHTPALM B HUX PAaBHOBECHBIX HOCHUTEJEH.
W torma, naxe He Jerupys akTHBHYIO Y3KO30HHYIO OOJAacTh MPUMECAMH, YIAETCS
JOCTUYb IIPU WHXKEKIMHU 3HAYUTEIBHBIX KOHLIEHTPALMN HEPAaBHOBECHBIX JJIEKTPOHHO-
JIBIPOYHBIX Tap B ciioe. OTKa3 OT JErupoBaHUs AKTUBHOM 00JIACTU MPUHLMIHAIBHO
BAJKEH, IIOCKOJIBKY aTOMBI IIPUMECH, KaK YK€ IOBOPWIOCH, MOTYT CIIY)KUTb LEHTPaMHU

Oe3bI3NTydyaTeIbHOM pekoMOrHauu. [lonaB B MOTEHIMANTBHYIO MY, HHXKEKTHUPOBAHHbBIC
HHKeKIHA WTeKTPOHOR

] < =
“rl 1008 m
—h— — — 4+ — — —— — — ——-Ez23
P E s n
E32 Eszs x
d =
Ecbl,z——v ——————— -I———
=_® 2 (*J‘? AEp
Y
® ® ®
HH:KeKLHA ABIPOK
Matepuan 1 Marepuan 2 Marepnan 3

Pucynok 2 — YrpoiuéHHasi 30HHasi AMarpaMma ypoBHEN SHEPTHU 3JIEKTPOHOB

reTepOCTPYKTYPHI IIPU MPSIMOM CMEILIEHUU

AJIEKTPOHBl HATAJKUBAIOTCS HAa TMOTEHUUAJIbHbIM Oapbep AE,, a JbIpKM — Ha
NOTeHLHANIbHBIA Oapbep AE,. IloaToMy u Te, u apyrue nepectraroT 1udPyHaupoBaTh
Janbllle ¥ PEKOMOMHUPYIOT B TOHKOM AaKTUBHOM CJIO€, €CIM OH COJEPKUT Mayloe
KOJIMYECTBO Ae(EKTOB, C UCITycKaHueM (GoToHa ¢ sHepruei £, .

['eTepocTpyKTyphl O CpPaBHEHHUIO C OOBIYHBIMU P-nN-NIEPEXOoAaMH 00JIaIal0T

ABYMs Ba)XHBIMU OTJIMYHUTCIIbHBIMU 0COOEHHOCTSIMHU:
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1) Opnoctoponnsisi  umwxekuus. Ckauykud MOTEHIMAJIOB Ha  TpaHUIlAX
NPEACTABISAIOT COOOW IMOTCHIMANIbHBIE Oapbepbl JUIi HEOCHOBHBIX HOCHTENCH, 4YTO
MIPUBOJIUT K JIOKAJIM3AIMHU 3aPsJI0B.

2) Pe3koe paznuyue ONTUYECKUX CBOWCTB pa3iu4HbIX oOsiacteld kpuctamwia. OHO
MPOSIBJISIETCS, MPEXKJE BCEro, B TOM, YTO JIJIMHA BOJIHBI U3JIy4YE€HHUS, TEHEPUPYEMOTO B
y3KO30HHOM 0a3e, JIeKUT HUKE «KPACHOM TpaHUIIbD» TMOTJIONIEHUS SMHUTTEPHOM
obnactu. B cBsI3M ¢ 3THM TOBOPAT 00 IMUTTEpPE KaK O IMIMPOKO30HHOM «OKHE», 4epe3
KOTOPOE U3 TyUYCHHE BHIBOAUTCS U3 CBETOMOAA MPAKTUYECKH O€3 MOTJIONIECHHUS.

TunuaasIMUA 1 HanboJiee XOPOIIo Pa3pabOTaHHBIMU SBJISTFOTCSI TETEPOCTPYKTYPHI

B TpoiiHOM coeauHeHuu Buga Ga,_, Al As, tae x — H0onsd KOMIIOHEHTa (MOJSIpHas

macca) 0<x<1. Dro coenuHeHHe moaydaercs mMyTeéM 3amelieHus B kpucramie GaAs

YaCTU aTOMOB TaJIMs AIFOMUHKEM. 110 Mepe yBEIMYEeHNUs 0N X 3aMEIEHHBIX aTOMOB
mMpuHa 3anpenéHHoi 306l W3Mensiercst ot E. =~ L4YA (mus umcroro GaAs) mo

E.~ 2,194 (mnst uncroro AlAs).

1.3 YcnoBust MakcuMalibHOM 3(pPEKTUBHOCTH U3ITyUEHUS

Yto0Obl 1OCTHYD MaKCUMATbHON (P(PEKTUBHOCTH M3IyUEHUSI CBETa, HEOOXOIUMO
BBIITOJIHUTD CJIEAYIOLIUE YCIOBUS:

1) Ilpu onTtuyeckuX NEPexoAax »dSJIEKTPOHOB U3 30HbI MPOBOJUMOCTH

MOJIYITPOBOJTHUKA B BaJICHTHYIO JOJDKEH COOJIOAThCS 3aKOH COXPAHCHUS DHEPTHUU.
[TosTOMY MIMpHMHA 3anpeléHHoi 30Hb £;, B akTHMBHOM 006IACTH CTPYKTYpBI JOJDKHA

OBITH OJIM3KA K HY)KHOH SHEPTUU KBAHTOB M3JTYUCHHUS.

2) OpnHOBpPEMEHHO JOJHKEH COOJIIOMAThCsl 3aKOH COXPAaHEGHHUS — MMITYJIbCa.
TouHee — KBa3UMMITYJIbCa, TaK KaK AJICKTPOH (M ABIPKA) B KPHCTAJIIE yKe HE CBOOOTHAS
JacTUIla — OH JIBIDKETCS B TOJIE€ TEPUOAMYECKH YTOPSAOUYECHHBIX MOHHBIX OCTOBOB,
npeacTaBsist cO00H GakTHdecku BO30YKIEHHOE COCTOSIHHE TBEPAOTO Temna. [|BukeHHe

ATUX BO30YXIEHUH (DJIEKTPOHHBIX W JABIPOYHBIX) OYEHb HAINOMUHAET CBOOOJIHOE



pacupoCTpPpaHCHUC 3apPs’KCHHBIX YAaCTHIL, IIOOTOMY HMX HA3BIBAIOT KBAa3WMYaCTHUIAMH. 141

SHEpPruru € OTIEIbHBIX KBa3UYACTUIL CBSI3aHbI C UX KBa3UUMITYJIbCAMHU p TAK XK€, KaK Yy
. — 2 /2 -30
CBO6OI[HBIX HaCTUll: & = p m , TOJBKO BMECCTO MACChI BJICKTPOHa mO ~ 10 KT

¢urypupytor >¢GdeKTUBHBIC MAcChl M, W M, OSICKTPOHOB M JBIPOK B JaHHOM

n

IMOJYIIPOBOJHHUKEC, KOTOPBIC IIO BCIMYHMHC MOI'YT 3HAUUTCIIBHO OTIIMYATbHCA OT MACChI

AJIEKTPOHA.

3) UmmynbC Py, YHOCHMBIA U3My4EHHBIM (POTOHOM, MPEHEOPEKUMO Mall 10
CPaBHEHUIO C KBa3UUMITYJIbCAMH PEKOMOMHHUPYIOIIUX KBa3udacTuil. B camom nene, st
dorona p, = E;/c, Mis 31eKTpOHA TIPH peKOMOUHALMHE Py = 2m,E; ; ux oTHOIEHHE
(Py /py)<<1. TlosToMy mpu U3JIydaTeJbHOM PpPEKOMOMHAIMU  KBa3UUMILYJIbC

JJIEKTPOHOB HE MEHAETCs, & 3TO BO3MOKHO TOJIBKO Y IIPAMO30HHBIX IOJIYIIPOBOAHUKOB
(pucyHOK 3), y KOTOPbIX MAaKCUMYM BaJICHTHOM 30HBI MPOBOJAMMOCTH PAaCIoJlaraeTcs B
IPOCTPAHCTBE KBAa3MUMIIYJIbCOB B LIEHTPE 30HBI bpuiuiosHa (00jacTu 0JAHO3HAYHOTO

3aJaHUA KBA3UHUMITYJIbCA B KpI/ICTaJIJIe).

Y

v P

PucyHok 3 — 3aBUCHUMOCTb S3HEPTHUH 3JIEKTPOHOB OT KBa3UUMITYJIbCA JIsI
MPSIMO30HHBIX MOTYNPOBOIHUKOB (CTpenKoi Mmoka3aH nepexo JIeKTPOHOB U3 30HbI
MIPOBOJAMMOCTH B BAJICHTHYIO, COIPOBOK/IAIOIIHNIICS U3ITyUYEHUEM KBaHTA)
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4) Kpome TOro, KpUCTaJT TMOJYIPOBOJHUKA JOHKCH OBITH 1O BO3MOXKHOCTH
0e371e(eKTHBIM, KaK U TPAaHUIBI MEXKIY Pa3HBIMH CIOSIMH, TOCKOJIbKY JNe(eKThl Ha HUX
(HarpuMep, IUCIOKAIMK) TOXE TMOPOXKIAIOT Oe3bI3IydYaTeNIbHyI0 PEKOMOWHAIIHIO.
[ToaToMy ocobGoro BHUMaHUS TpeOyeT MOAOOp Map MaTEepUANOB C TOYKH 3PEHUS
COTJIaCOBaHUSl IMApaMETPOB WX OJJIEMEHTAPHBIX SYEeK, TaK KAk Ha TpaHUIE

HECOTrJJaCOBAaHHBIX PEHIETOK BO3HUKAET MHOTO Auciokanuil. PaboTel rpynmsl Andépona

TOKa3aly, 4To B TeTepocTpykrypax rpymmsl A”' B” MoryT 6BITh cO3/1aHBI IPAKTHUECKH
UJCaIbHbIE TPAHUIIBL.
Hackonbko ycnemHo ynajsochk pemuTh BCE ITH 3aJa4d, MOYKHO CYIUThH IO

3HaUEHUAM psAna napamerpoB. O BEpPOATHOCTH H3IyYaTEIbHOM pPEKOMOMHAIIMM B

Y3KO30HHOM CJIO€ TOBOPUT BHYTPEHHUI KBAaHTOBBIN BBIXOJ M3Iy4YeHUs 77; (OTHOLIEHUE

yycia — U3Iy4aeMbiX  (OTOHOB K YHCIY  DJIEKTPOHHO-IIBIPOYHBIX  Tap).
B rerepoctpykrypax BenuuuHa 7]; MoOkeT ObITh Oin3Ka K enunuie. [[ns mpakTuku,

OJHAKO, BaKHCC BHCIIHUM KBAHTOBBIU BbBIXOA M3JIYUCHUA 77e (OTHOH.IGHI/IC quciia

H3J1y4aCMbIX BO BHCHIHIOIO CPCAY KBAHTOB CBCTA K YHCIIY JJICKTPOHHO-ABIPOYHLBIX IIAP,

nepecekaromux p-n-nepexoa). OH XapakTepusyeT NpeoOpa3oBaHHUE DIICKTPHUYCCKOM

SHEPIrUuU B CBETOBYIO M, IOMHUMO BHYTPEHHETO KBAHTOBOTO BbIxoja (77;), yuuThIBaeT

K0P (DUIIMEHT UHXKEKITMHU Tap B aKTHUBHYIO 00JacTh (y) U K03 UIIMEHT BBIBOJA CBETA

BO BHEIIHIOW cpeny (77 ):

M. =i (2)
Koaddunment MOJIE3HOTO NEUCTBUS CBETOM3IIYHYaAIOIIErO npudopa

OIrpaHUYINBACTCS emé " IMOTCPAMHU HA JKOYJICBO TCILIO, IMTOTOMY COIIPOTHBIICHHUC BCCX

obOnacrei CTPYKTYPBI I OMHUYCCKUX KOHTAKTOB Ha BBIBOJAX HOJIZKHO OBITH MaJIbIM.
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2 CBETOM3IYYAIOILUUE JUOJbI (CUT)

CBetoauoa — 93TO TMOJYNPOBOJHMKOBBIM TpHOOpP C JBYMSI KOHTAKTaMH,
npeoOpa3yoUIil JHEPTUIO FJIEKTPUUECKOT0 TOKA B CBETOBYIO.

Y CU/] nznydyeHue CliOHTaHHOE, HEKOT€PEHTHOE U HEMOJIIPU30BAHHOE.

Marneie pasMepbl MOJyIPOBOJHUKOBBIX CBETOAMONOB OTIMYAIOT MX OT JaMIl
HakanuBaHus — CHJ] moyTH TOYeUyHBIH MCTOYHUK CBE€Ta C IUIOMIAJIbIO KpHUCTaJa
(0,25x0,25) — (0,5x0,5) ane’.

CeTtoanona noTpedsieT 04eHb HEOOJIBIIYIO SHEPIUIO: IPU HapsKeHUU 2— 4B u
Toke 10 — 30MA anexTpudeckass MoiHocTh Bapbupyercsa ot 20 go 120mBr. IIpu KII/] B
5 — 25% B Bune cBera uznyvaercsa 1 — 30mMBT (cuna cBera 1 — 30kn). yist cpaBHeHUS —
MUHHATIOpHAs JlaMIla HakajduBaHUs paboTtaer mpu Hampsbkenun 12B u toke 50 —

100MA.

2.1 Ipunnun aeitcteust CUJL

s CJ1 mpUMEHSIFOTCS B OCHOBHOM TIPSIMO30HHBIE TIOJTYITPOBOTHUKH, TAKHE KaK
GaAs, InAs, InP nnu tBepable pacTBopsl Ha ux ocHose THna Ga,_, Al . As, rae x-gons
KoMmmoHeHTa (MosspHas macca), 0 < x < 1. Vka3zaHHbIC COSAMHCHUS H3JIyYalOT CBET C
JUIMHOM  BOJIHEBI A =0,85MKM. Ecim  BblpammBate Ha  momimoxke — InP

YETHIPEXKOMIIOHEHTHOE XUMUYECKOe Coenunenue, Hanpumep In Ga,_, As P _,, 10 B
3aBUCUMOCTH OT oTHotIeHus goiei x u y (0 < x <0,37 0 < y <£0,43) cBeronsnyueHue
OyeT u3MEHAThCS B AUana3oHe JnH BoaH A =1,3—1,55MKkM, Tak KaK B COOTBETCTBHH C

COOTHOILIEHHEM KOMIIOHEHTOB U3MEHSETCS SJHEPT U 3alPENIEHHOM 30HbI E3.

®wusnueckorr  ocHoBorr  CUJ|  saBasercs  groMHHECHEHIUS.  MexaHu3m
WH)XCKIIMOHHON JIFOMUHECUEHIIMM B CBETOJMOJIE COCTOMT U3 TpPEX OCHOBHBIX
MPOLIECCOB:

— WHKEKIIMU U30BITOYHBIX HEOCHOBHBIX HOcUTeNeH 3apsaaa B 6azy CU/I;
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— U3ITy4aTeabHON peKOMOWHALINY;

— BBIBO/JId U3JIYYCHHA U3 obnactn IrcHCpalunu.

PaccMmoTpum 311 niporieccsl moapooOHee.

Hnorcexyusa. Vcnonb3oBanue ABOMHON rerepocTpykTypbl B CHUJl obecrnieunBaet
JOKQJIM3AIMI0 WHKEKTUPOBAHHBIX 3apsAl0B B 0a3e MPU YMEHbBIICHUM €€ TOJIIMHBI
BIUIOTh JI0 HECKOJIbKUX MUKPOMETPOB U MPUBOAUT K MOBBIIICHUIO OBICTPOACHCTBUS MO
CPaBHEHHUIO ¢ MPUOOpaMU C OJHOCTOPOHHEHN reTepOoCTPyKTYpOil.

Hznyuamenvnas pexombunayusi. B mpocteiiiieM ciaydae AJIEKTPOHBI 30HBI
IPOBOJUMOCTH PEKOMOMHHMPYIOT C JIBIPKaMH, HaXOIAIIMMHUCA B BaJIEHTHOH 30HE. [Ipu
3TOM DHEPIusl, IPUMEPHO COOTBETCTBYIOIIAs IMPHUHE 3AIPEIIEHHON 30HBI, BBIEISAETCS
B BHJAE DJIGKTPOMAarHUTHOTO U3JIyYEeHHUS U3 MOJYNpPOBOAHMKA. PexomOuHaIms
HOCHTEJIE MOKET MPOUCXOJIUTh KaK B MPUIETAIOIUX K p-n-epexoay o0JacTsaX, Tak U
B CAaMOM p-N-TIepexo/ie.

Bwvi6oo uznyuenusn. Kouctpykius CUJl BeiOupaeTcsi ¢ TaKUM pacd€Tom, 4TOObI
YMEHBIITUTh COOCTBEHHOE MEPETOTIONICHUE U3IYYeHUs], 00CCIIEUUTh PEXUM PabOThHI
IpU BBICOKOM TUIOTHOCTH TOKa W YBEJIUYUTh 3(P(EKTUBHOCTH BBOAA H3JIy4YEHUS B

BosiokHO. B BOJIC mnpuMeHSIOTCS B OCHOBHOM JBE KOH(UTYpaIluu HUOJOB: C

TopueBbIM  (pUCYHOK 4,a,0) u OOKOBBIM  (PHUCYHOK 5,B)  HU3IyYCHHUEM.
Konraxrau# OB Kommayun
CIIoH )
nt — Gads N-GahlAs
s p-Gahs Ilnactmacca

VAV -
—— — x 1 e

'"“‘“x f_,J

n 7 - n X
7 I A Bz ] 7
+ +
+ P-
pt Gﬂﬂﬁ' Ga_.":'Ll_e'l'LS E,j B:I
(KOHTAKTHERIH
cnoi) a)

Pucynok 4 —Cxema nonepeunoro ceuerusi C1UJI ¢ TopuieBsiM (a, 6) 1 60KOBBIM

(B) u3nmyueHueM
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B nepBoii koH(UTrypaluu HCHONB3YETCS JABOWHAS TeTepoCTpyKTypa. POTOHBI,
POJIUBLINECS B pe3ysbTare PeKOMOMHAIIMN HOCUTENEH B 0O0CAHEHHOM CIIO€, MTOKUIAIOT
€ro, pacHpoCTpaHsAsACh B IIONEPEYHOM HampaBieHuu. Ilpexne uem poiitm 10
MOBEPXHOCTH H3JIydaress, (POTOHBI HCHBITHIBAIOT 3HAYUTEIBHOE OTPaXXEHUE OT
MNOBEPXHOCTH pa3jeia IMONYNPOBOAHMK — BHEHHsS cpeda. [lo Takoll TeXHONOrHH
W3TOTOBIISIFOTCSI  CaMble  MPOCTEUIINE H3IIy4aTeldd, KOTOpPhIE WCIONB3YIOTCA B
yCTpOMCTBAX, re He TpeOyeTcs 0obliasi ONTHYECKast MOITHOCTb.

[ToBpiieHNe 3(PQPEKTUBHOCTH BBOJA U3IYYEHUS B BOJOKHO MOXKET OBITh
o0ecrnedeHo co3JaHueM yriayOJaeHusl B KpucTaiie Uil MpUOIMKEeHHUs TOpIia BOJIOKHA K
aKTHUBHOM 00JacTu (PUCYHOK 4,a) WM C TIOMOIIBIO MTPO3pavyHoit mojychepsl (PUCYHOK
4,0). B mocnemHeM ciydae KPHUCTAUT TIOKPHIBACTCS BBIMYKIBIM WA TUIOCKUM

IJIAaCTMACCOBBIM  KonmaykoMm  pasMepamu  3—10mm. [lokaszarens mpemoMIteHUs

MJIACTMACCHI BBIOUPAETCS TaK, YTOOBI YBEIHUUTH KO (GUIIMEHT BBIBOJAA U3TyUYEHUS 7], .

KoHcTpykuus koimauka obecrneynBaeT (GOKYCUPOBKY M3IIYUEHHsI B HYKHOM TEJIECHOM
yrae 5 —45°. 3my4daemble CBETOBBIE KBAHTHI TOJKHBI BBIXOAUTH BO BHELIHIOKO CPEly B
3aJJaHHOM TEJIECHOM yIJle C MHHUMAaJbHBIM TIOIVIOIMIEHHEM HUX BHYTpU mpudopa.
Jepxatenp KpUcTajliia OTBOAUT TEIUIO OT AKTUBHOM 00JIACTH.

Y CUJ] ¢ 60KOBBIM H3IIy4eHUEM (PUCYHOK 4,B) BBIBOJ CIIOHTAHHOTO M3TYYCHHUS
IOPOUCXOAUT YEpe3 BHYTPEHHUH BOJHOBOJ, OOYCIIOBJIECHHBIHI OJTHOCTOPOHHUM
rereponepexogoM. B 3Toll koH(uUrypauuu 3a CU€T CHeUUaIbHBIX TEXHOJOTMYECKHX
npu€MOB 00ECIIEUNBAETCSl paCIPOCTPAHEHUE POKIAIOUINXCS (POTOHOB U3 00ETHEHHOTO
cnos K OOKOBOM MOBEpPXHOCTU. JJIi ONTHYECKON BOJIHBI OH MpPEACTAaBISIET COOO0M
OTPE30K JNUIIEKTPUUECKOT0 BOJHOBO/A, TOCKOIbKY 00€THEHHBIH ciloif obnanaer 6osee
BBICOKMM  3HAaY€HUEM JMDJIEKTPUYECKOM IPOHUIAEMOCTH IO CPABHEHUIO C
OKPYKAIOIIMMH €r0 Marepuasiamu. 1103ToMy Ha €ro rpaHunax BBINOJHSAIOTCS YCIOBHUSA
IIOJIHOTO BHYTPEHHEro oTpaxkeHus. [lorepu Ha oTpakeHuMe OT TpaHULBl pasnena
HOJIyTIPOBOJHUK — BHEIIHSAS cpena (BO31yX) M MOTEPH MPHU PaclpOCTPAHEHUH 10 HEE B
Marepuasge u3JydaTenas B OTOM ClIydae CYLIECTBEHHO MEHbUIE. DOKOBBIE pa3Mepsl
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U3JTydarole 00JacTu MOJArOHAIOTCS MOJ pa3Mepbl BOJOKHA, HO OOBIYHO COCTaBIISIOT

20 — 40MKM.

2.2 Xapakrepuctuku C1U/1

CaoiictBa CHU/] ¢ TOUKHM 3peHHS UX NPUMEHEHHUS XapaKTEPU3YIOTCS:

— MOIIIHOCTBIO U3ITYyUYEHUS;

— IWarpaMMoOM HampaBJICHHOCTH;

— JUTMHOM BOJIHBI U3 1y4YCHHS;

— CIIEKTPAJIbHOW IIUPHUHOU;

— OBICTPOJICHCTBUEM;

— CPOKOM CITy>KOBl.

Mowmnocms  usnyuenus. MomHocts um3nmydenuss CUJ[ 3aBucuT 0T  TOKA.
3aBUCHUMOCTh  MOIIHOCTH, H3JIy4aeMOM ONTHYECKHUM HCTOYHHUKOM, OT TOKa,
IPOTEKAIOIIET0 Yepe3 €ro p-n-nepexoi, Ha3bIBaeTCsl BaTT-aMIIEPHOM XapaKTEPUCTUKON

(pUCYHOK 5).

o
%

N R N P - et

o
| i

L 1
100 200 300 400 [ ga

=

1 — c OOKOBBIM U3ITYYEHHEM; 2 — C TOPLIEBBIM U3TyUYECHUEM

Pucynok 5 — Barr-amnepnsie xapakrepuctuku CHU/1

Cnenyer ormeruth, uto CHJ] HE OYEHb UYBCTBUTEIBHBI K TMEPETrpy3KaM,
o0NaaroT XOpoIlled JIMHEWHOW 3aBUCHUMOCTBIO MEXAY BBIXOJHOW MOUTHOCTHIO
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U3JIyYEHUS U TOKOM MHXXEKIHMH, YTO OO0yclaBiuBaeT Imupokoe npumeHenue CUJ[ B
JMHHSX CBSI3W C AHAJOTOBBIMUM METOJAMU MOIYJSALMU. THUIMYHBIA TOK HHXKEKIUU
100 — 200MA, BeIXOHAS MOIITHOCTL 1 — SMBT.

Juaepamma manpaénennocmu. Jlmarpamma HampaBIICHHOCTH CBETA SIBISETCS
BAXKHOM XapaKTEPUCTUKOM I BOJIOKOHHO-ONTHUYECKUX MNpuiioxkeHui. [locime Brixona
CBETa M3 MCTOYHMKA HAYMHACTCS PACUIMPEHHE CBETOBOrO MYy4YKa, U TOJBKO Mayas €ro
4acTh B JICMCTBUTEIIBHOCTH IOIAJAET B BOJIOKHO. UeM yKe BBIXOAHAs AUarpaMma, TeM
0oJbIIIas YacTh CBETA MOXKET MOMACTh B BOJIOKHO. XOPOIIHE UCTOYHUKHU JTOJKHBI UMETh
MaJIbI€ IUAMETPbl BBIXOJHBIX MYYKOB CBETA U MYyl aneprypy. uaMerp BBIXOAHOTO
y4YKa OMNpEAENSET BEIMYHUHY €ro IONEepPEeYHOro CeueHHs. ArmepTypa Ompenesnser
JMana3oH yIJIOB, B KOTOPBIX MPOUCXOAUT M3JIYyUYeHUE CBeTa. Eciin muameTrp BBIXOJAHOTO
My4YKa WIK €ro areprypa MPEeBBIIIAOT COOTBETCTBYIOIIME XapPAKTEPUCTUKU BOJOKHA, B
KOTOPO€ BBOJMTCSI CBET, HEKOTOpas 4YacThb M3IYyYCHHS TEPSETCS M HE IMOMNAaJacT B
BOJIOKHO. Ha pucynke 6 mpencrasiieHa TunuyHas auarpamma uznydenuss CHU/. Yrisl

pacxoaumocTH cocTaBisitoT 30 — 40% Ha ypoBHE MOJTOBUHHOW MOILIHOCTH.

Pucynok 6 — Jluarpamma HarnpaBineHHoctd CHUJ]

Jnuna 6onnsl uznyyenus. JJnMHON BOTHBI U3YUEHUS CUATAETCA JJIMHA BOJIHBI Ay,
Ha KOTOPOU BBIXOJIHAS MOIIIHOCTh MaKCUMAJIbHA.

Cnek'mpa]leCl}Z wupuHna. I[I/IO,Z[I)I HC SABJIAIOTCA MACAIIBHO MOHOXPOMHBIMH, OHH
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U3Iy4aloT B HEKOTOPOM [HWala3OHe JJUH BOJH. OTOT [JMala3oH HM3BECTEH Kak
CIEeKTpalibHasi mupuHAa ucTtouHuka. OH omnpenensercss Ha 50%-M ypoBHE MOIIHOCTH
OTHOCUTEIBHO MAaKCMMyMa, COOTBETCTBYIOIIErO IIEHTPAIbHOM JIJIMHE BOJIHBI A
(pucyHok 7). Hampumep, eciii HICTOYHUK UMEET LEHTPAIbHYIO JJIMHY BOIHBI Aj=850HM
U CHeKTpalbHy0 mUpuHY AA=30HM, TO €ro BBIXOJIHOC M3IIyUCHHE 3aHMMAET JHara3oH
oT Ag=835HM g0 Ap=865HM, a mnpu A¢=1300HM HMeEeT CHEKTPaIbHYIO IIHUPUHY
AA=90HM.

Ha pnunae BosHbl A=850HM MaTepuanbHas gucriepcus nmpuMepHo paBHa D=0,1
Hc/(km=HM). Ucnonb3oBanne CUJL co crnekTpanbHON mupuHoi AA=30HM NPUBOIUT K

nucriepcuu 3 He/(KM«HM), 9TO JJOCTAaTOYHO MHOTO.

};1!'

Pucynok 7 — Tunuunas cnekrpaibHas xapakrepuctuka CUJ

Kak mnpaBuno, crekTpajibHasi IIMPUHA HE CKa3bIBACTCS Ha KauyeCTBE JIMHUU
JUIMHOW B HECKOJBKO KWJIOMETpOB, padoTtatomieii Ha yactotax a0 100MIm. Omna
SBIIACTCS ~KPUTUYECKUM  [MapaMeTpPOM Il  BBICOKOCKOPOCTHBIX  MPOTSKEHHBIX
OJIHOMOJIOBBIX ~ ONTHYECKUX CUCTeM. B »3ToM ciyyae cHoekTpajgbHas IIWPUHA
OTpaHUYMBAET CKOPOCTH Mepeaaun nH(PopMaIuu.

bvicmpooeticmeue. CKOPOCTh BKIIIOUEHUS W BBIKIIOYEHUS WCTOYHMKA JOJDKHA
OBITH JIOCTATOYHO BBICOKOW, YTOOBI COOTBETCTBOBATH TPEOOBAHUSM IIMPUHBI padboueit
MI0JIOCHI MPOMYCKaHUsl ONTHYECKOU cucTeMbl. OHa onpeesieTcss BpeMeHEM HapacTaHUs
Tyap A BDEMEHEM CIIAJA Tepay CUTHAIA.

Jsl OLEHKU Tyap U Tepay CHTHAZA OOBIYHO HCHONB3YOT ypoBHH 0,1 m 0,9 ot
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YCTAHOBUBIIIETOCS 3HAYEHHS MOIIHOCTU. YacTto OBICTpOACHCTBHE HCTOYHUKOB
U3JIYUCHUS OIICHUBACTCS MAaKCHUMaIbHOM YacTOTOM Momynsamuu fo... Hdma CHUJ osrta
4acToTa MOXET Jocturath fo.,, = 200MI'. Orpanndenue dactorsl Momysiuun CHUJI
CBSI3aHO CO BPEMEHEM >KM3HU HEOCHOBHBIX HOCUTEIEH.

Bpemena napacTaHus M cIaja IMO3BOJISIIOT IMOJIYYHUTh MH(POPMAIUIO O IIOJIOCE
nponyckanust AF. Eciiu npeanonoxuTs, 4To OHU paBHBI MEXK]Iy cO00i1 (a 3TO HE Bceraa
TakK), TO MOJIOCY MPOIMYyCKAHUS MOXHO OIPEACIUTH MO MPUOIKEHHON hopmyIe:

0,35

T

nap

AF =

[T, (3)

U3 KOTOPOW CJIeyeT, YTO BpeMsl HapacTaHUs B HECKOJbKO HAHOCEKYH]I MPUBOJAMUT K
3HAUEHHUSM HIMPUHBI MOJIOCHI MPOIMYCKAHUS B JIECSITKUM U COTHU merarepil. Hampumep,
BPEMS HAPACTaHUS Tya,p=JHC IO3BOJAET paborath B monoce AF=70MIm, a Bpems
HAPACTAHUA Tyep=1HC — B monoce AF=350MIm.

Cpox  cayacovr. Tlo wMepe DdKciulyaTalldd HMCTOYHUKA U3JIYYEHHS]  €ro
XapaKTePUCTUKHU MOCTENEHHO YXYIIIAI0TCS — MaJaeT MOIIHOCTh U3Ty4YeHUs, U, B KOHIIC
KOHIIOB, OH BBIXOJUT M3 CTPOsl. DTO CBSI3aHO C JErpajalyeil MOIyNnpOBOJIHUKOBOTO
cinoa. HagéxHoCTh MOJYNPOBOAHUKOBOIO M3JIydaTess OIPENENseTC CpEIHEN
HapaOoTkol Ha oTka3. Hapa®otka Ha otkaz CU/ cocraBiger S50ThIC. yacoB uiau Oosee
5 — 8 ner. Napantupyemoe Bpemsi CiIy»Obl MCTOYHHMKA ompenensercs ypoBHeM 50%

(3n1b) yMeHbII€HUST BBIXOAHOW MOIIIHOCTH.

3 [IOJIYITPOBOAHUWKOBBIE JIABEPHBIE TUOABI (JI)

[TomynmpOBOIHUKOBBIN JA3E€PHBIN THO — 3TO U3IYYAIOLUIUHI ITOJYIIPOBOIHUKOBBIN
npudop, Kak TMpaBuiIo, C JBOMHBIM TE€TEPOINEPEXOJOM, IMpeaHA3HAYCHHBIM IS
HEMOCPEJICTBEHHOTO  MPeoOpa3oBaHUsl  DJICKTPUUYECKONM  DHEPTMM B DHEPIHIO
BBIHYKJIEHHOTO CBETOBOI'0 U3JIYYEHUSI.

VY JI/] n3ny4yeHne HHAYLIMPOBAHHOE, MOJISIPU30BAHHOE U KOTEPEHTHOE.
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[TonmynpoBOTHUKOBBIA Jla3ep — OAHO M3 JYyYIIUX HPUKIAAHBIX JOCTHKEHUN
¢usnku koHna XX Beka. B atom npubope yaanocs 10cTuyb ynooHOro u 3PGEeKTUBHOTO
OpsMOrO  TIpeoOpa30BaHUS DJIEKTPUUECKONM DSHEPrUM B DHEPIUI0 KOIEPEHTHOIO
CBETOBOT'O U3JTyYEHHS.

BrniepBble HCIIONB30BaTh MOIYNIPOBOJHUKOBBIE MAaTEPHUAIIBI I CO3/IaHHUs JIa3€POB
npemioxunu B 1961 r. coserckue yuénsle H.I' bacos, FO.M. Ilonos n O.H. Kpoxun. B
1964r. 3a  (QyHIaMeHTanbHbIE  HCCIEAOBaHUS, TMPUBEANINE K  CO3JAHHIO
HOJyTIPOBOJHUKOBBIX KBAHTOBBIX I'€HEPATOPOB, TIPYIIIE COBETCKMX YYEHHBIX Oblia
npucyxaeHa ['ocynapcTBeHHas peMusl.

[ToyITpOBOTHUKOBBIE JIa3€pbl, M3TOTOBIEHHBIE HAa OCHOBE JIBOMHOIO TI€TEPO-
nepexonaa, oputn Briepsbie npenioxkenbl B CCCP XKopecom MBanoBuuem AndEpoBbiM.
OcHoBHoe paznuuue mexay CUJl u JIJI coctour B TOM, uto u3myueHue B CUJI
CIIOHTAaHHOE€ W HEKorepeHTHoe, a B JIJI MHAaynupoBaHHOE M KorepeHTHoe. UToOsbl
CBETO/AMOJI CTall T€HEPUPOBATh KOIEPEHTHOE ONTHYECKOE H3IyYeHHEe HEOOXOIUMO
IOPOU3BECTH HMHBEPCHIO  HACENEHHOCTEM W IMOMECTUTh €ro B PE30HATOp,
o0ecneunBaIUNi HEOOXOAUMYIO TOJOKUTENIBHYIO ONTHYECKYI0O OOpaTHyIo CBs3b. B
JIJI 3epkanamMu pe3oHaTopa CiIy’aT IPaHH MOJYyIPOBOJHUKOBOIO KPUCTAILIA, CKOJIOTHIE
BJI0JIb €CTECTBEHHBIX KPUCTANIMYECKUX IUIOCKOCTEN M NEPHEHANKYJIPHBIE TNIOCKOCTH
p-n-nepexona. M3-3a pa3HOCTH MOKa3areyied NpPEIOMIICHHsS Ha TPAHULE “KpUCTAILI—
BO3AyX~ TMOJy4aeTcs AOCTATOYHO BBICOKHHA KOIPPUIMEHT OTpaxkeHHs (IPUMEPHO
30%). MHorna HaHOCAT JOMOJHMTEIBHO OTpa)karolllee MOKPBITUE HAa 3a/JHIOK0 I'paHb

KpHUCTaJIa.

3.1 KBaHTOBBIE TIEpEXO/bl B BEIIECTBE U MPOLECCH UCITYCKAHUS U MOTJIOMICHUS

CBETA.

UToObl TOHATH MPUHLMI PabOTHI Jlazepa, PACCMOTPUM YIPOIIEHHYIO MOJCIb,
VMEIOLIYIO J[Ba DJHEPreTHYecKux ypoBHs E; u E, . [Ipu nepexone Mexay COCTOSIHUAMMU C

sHepruen E; u E, (E,>E)) uznydenune nmeer yactoty
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var=(E; — Ey)/h, 4)

T.€. B CBOOOJTHOM MPOCTPAHCTBE JITTMHA BOJHBI U3Ty4YCeHUS OyIeT

}LzlzhC/(Ez — El), (5)

rae h — nocrosunas [Tnanka.

[Ipy B3aMMOACICTBUM W3IY4YEHHUS C AaTOMOM, HaxXOJSIIUMCA B HUXKHEM
SHEPreTUYECKOM COCTOSIHUM, MOKET MPOU30MTHU TOTJIOIICHUE KBaHTa M3IYyUYCHHUS U
aToOM NeperIeT Ha BEpXHUM YpoBeHb (pucyHOK 8, a). Haxonsmuiics Ha ypoBHe E, atom
MOJKET MepelTH Ha ypoBeHb E; He TOJbKO Moj AeilcTBHMEM NEpBUYHOrO (OTOHA, HO U
CaMOTIPOM3BOJILHO WJIH, KaK OOBIYHO TOBOPSAT, CIOHTaHHO (puCcyHOK 8, 0). Eciu atom
HAXOJIUTCSl HA BEPXHEM DHEPreTUYECKOM YPOBHE, TO MPOJIeTAIOMUNA (HOTOH ¢ IHEpruei
E, — E; moxer BbI3BaTh (MHAYIMpOBaTh) nepexoq E, —E; , T.e. Bo3BpaleHue aroma Ha
HIKHUM ypoBeHb. Ilepexon E, —E; conpoBoxnaercs ncmyckanuem GpoToHa (PUCYHOK
8,8). HoBrhI#l QoToH, Kak 1 ucxoaublil poroH, umeer suepruto E, — E; . bonee Toro, on

HMMCCT TAaKOC K€ HAIIPABJICHUC HMIIYJIbCAa U TAKYIO JKC IIOJIAPHU3alIUIO. NubIMH

JHEPTHA JTEKTPOHOE

* HHB epCHAs HAC ETEHHOCTE
E, | ? COCQC OO =
hv hv
TAVAVAVA" o
E QOO |00 QOO0 o O . n,
a) 6) B)

a — MOTJIOIICHKE; O — CIIOHTAHHOE U3JTYUYCHHE; B — HHAYIIMPOBAHHOE HU3TyICHUE
JUISL UICATM3UPOBAHHOW ATOMHOM CHUCTEMBI C IBYMS Pa3pelIEHHBIMU SHEPreTUUECKUMU
cocrosuusamMu E; n E,

PI/ICYHOK 8 — CxeMaTH4ecKoe MpCaACTABJICHUC ITPOUCCCOB ITOTIOMCHUA U N3JTYYCHHA

CJIOBaMH, BTOPUYHBIM (OTOH ((HOTOH, MCHYIIEHHBI aTOMOM B TpoIlecce IMepexoja
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E,—E,) okaspiBaeTcd B TOM K€ CaMOM COCTOSIHUHM, B KaKOM HaXOAWUTCS NepeuuHblli
¢oToH ((HOTOH, BEI3BABUIMI paccCMAaTPUBAEMbIN MTEPEXOL).

PaccMoTpeHHBIM  TpOlLlECC  HA3BIBAIOT — GbIHYHCOEHHBIM  (UHOYYUPOBAHHLIM)
UCIyCKaHueM cBeTa. Yem Oosblle HMeeTcs NEPBUYHBIX (DOTOHOB, TEM BBIIIE
BEPOSITHOCTh TOrO, YTO aTOM, HaxXoJsALIUMCA Ha ypoBHe E, , coBepmuT mepexoa Ha
ypoBeHb E; .

[Ipenmonoxum, 4TO UMEETCsI MHOTO aTOMOB Ha ypoBHeE E, . [Iponeras Mumo Hux,
nepBUYHBIA (POTOH MOKET MHULMHPOBATh nepexon E, —E; Bo MHorux aromax, T.e.
MOKET WHULMHUPOBATH POKICHUE HE OJIHOTO, a IIeJION J1a6UHbI BTOPUYHBIX (POTOHOB.
Bce atu ¢oToHBI OyAayT poXKAaThcsl B TOM K€ CAMOM COCTOSTHUM, B KaKOM HaxOJUTCS

NepBUYHBIA (DOTOH.

3.2 NuBepcust HaceNIEHHOCTEN

®otoH ¢ 3Hepruen E, — E; MokeT ¢ paBHOW BEPOATHOCTHIO MHULIMUPOBATH KAK
nepexon E; —»E, , tak u nepexon E, —»E; . Bc€ neno B ToM, Ha KAKOM SHEPTETUYECKOM
YpPOBHE HaXOAMUTCS B3aUMOACUCTBYIOIIMI C (OTOHOM akTMBHBIA LEeHTp. Eciau Ha
HIDKHEM paboueM ypoBHe (E;) HaxonuTcst 60sbIlle aKTUBHBIX LIEHTPOB, YEM HAa BEPXHEM
ypoBHe (E,), To OyyT mpeobianaTh nmporecchl moriolieHus ceera. Eciau xe, Hao00poT,
Ha ypoBHe E; HaxonuTcs MeHbIIE aKTUBHBIX LEHTPOB, 4eM Ha ypoBHe E, , To Oyayr
npeo01aiaTh MPOIEeCcChl BHIHYKIEHHOTO UCITYCKAaHUSI CBETA.

Ham BaxxHo, 4TOOBI HaoO0pOT, Npeodianamd MPOLECCHl BBIHYKJIEHHOTO
ucnyckanus cpera. CreoBaTeabHO, HEOOXOIUMO, YTOOBI HACEIEHHOCTH BEPXHETO
paboyero ypoBHsS OKa3aiach BBIIIE HACEIEHHOCTH HUIXKHEIO YpPOBHS, T.€. UYTOOBI

BBITIOJTHSJIOCH YCITOBUE
n,>n,,
Ha3bIBa€MOE YCJIOBHEM uHeepcuu (oOpalleHusi) HacelEHHOCTEH pabo4ynx ypOBHEH.

AKTUBHYIO CpeAy, Il aKTUBHBIX LIECHTPOB KOTOPOM BBINOJHAETCS YCIOBUE UHBEPCHH,

HAa3bIBAIOT UHBEPMUPOBAHHOU AKTUBHOU CPEHOM.

21



3.3 [Ipuaumn peicteus JI/]

JUis co3maHusl ONTHYECKOrO TreHepaTopa HEOOXOIMMO, Kak M Al OOBIYHOIO
re’HepaTopa paguoauana3oHa, BBECTH MOJIOKUTEIbHYIO OOpaTHYIO CBSI3b U BBIIIOJHUTH
aMIUTUTYIHbIE U ()a30BbI€ YCIOBUS.

[IpocToe moBhIlIEHNE TOKA HAKAUKH €1IE He 00ECIEeUUT FeHEepaIuio ONTUYECKOM
BOJIHBI. B 9TOM ciydae amisi MOSBICHHS] WHAYIMPOBAHHOTO M3ITy4eHHUsI HEOOXOIUMO B
ob6sacTh 00€THEHHOTO CJI0S BBECTH BHEIIHUN CHUTHal — MOTOK (POTOHOB C 3aJIaHHOM
SHEpruei, KOTOPBIN UHAYLUPYET Ha4ajo nporiecca (dbopMupoBaHus
MOHOXPOMAaTHYECKOM  BOJHBI. Takoe yCTpOWCTBO IIPM HAJIWYUHA  HUHBEPCHH
HacenEéHHOCTEN OyJeT BBIOIHATh QYHKIIUU ONTHYECKOTO YCUIINTEIS.

[Tockonpky »dHeprusi (OTOHA BBIHYXKIACHHOTO W3IyYEHUS paBHA JHEPTHH
NEPBOHAYAIBHBIX CIOHTAHHBIX (POTOHOB, TO UX JUIMHBI BOJH TaKKe PaBHBI. TakuM
o0pa3oM, CIIOHTaHHbIE (DOTOHBI POKAAIOT NOJOOHBIE ce0e BBIHYKICHHBIE (DOTOHBI: OHU
MUMEIOT T€ K€ JUTMHBI BOJH, ()a3bl U HapaBlIeHUE PACIPOCTPAHEHUS, YTO U CIIOHTAHHBIC
¢otonsl. [pyrumu crnoBamu, najgaroimuil (GOTOH NPUBOAUT K U3ITYUYCHHIO €€ OJHOTO
Takoro ke (porona. I[Ipy MHOrokpaTHOM MOBTOPEHHH 3TOTO MpoIecca YUCIO (GOTOHOB
pacTéT JaBUHOOOPA3HO, U N3ITyUYEHUE YCUITUBACTCS.

Tlonoxcumenvnaa obpammuas ceazv. YUpouéHHas (usnueckas MOJENb Jiaepa

MIPUBEJECHA HA PUCYHKH 9.

3
[
¥

AO

ap
N

Pucynok 9 — Ynpoménnas ¢puznueckas MoJemb Jiazepa
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AxtuBHasg oOnacte (AQO), T.e. obmacTb, B KOTOpPOHl peanu3yeTrcsi HWHBEPCUS
HACeNEHHOCTEH, 3aKiloueHa MEXIy MABYyMs 3epkaiamMu 3 (pUCYHOK 9), KOTOpbie
OTpa)XaloT YacTh IMOTOKa (DOTOHOB W BO3BpAIAIOT €€ B aKTHUBHYI 00JIaCTh. DTUM
o0ecrnieurBaeTcs MOJIOKUTEIbHAsE 0OpaTHAs CBSI3b MO ONTHYECKONW MOIIHOCTU. 3epKajia
3 mpencTaBislOT cOO0OM ONMTUYECKH OTKpBITHIM pe3onarop Pabpu-Ilepo. Omno u3
3epKaJl JOJIKHO OBITh OJYyIPO3payHbIM

Pe3onaTop mMeeT XapaKTEpUCTUYECKUE PE30HAHCHBIE YaCTOThbI, T€HEPUPYEMBbIE
JIBYXYpPOBHEBON CHCTEMOW. Y CTAaHABIMBAECTCS PABHOBECHAS IUIOTHOCTh ONTHUYECKOM
MOIITHOCTH Ha KaKJOM PE30HAHCHOM 4acTOTE, COOTBETCTBYIOIIAS PABEHCTBY INOTEPH U
YCWIECHHSI Ha IPOXOJ. B MoHsATHE MOTEPH BKIIOYEHA U TA YaCTh ONITHYECKOW MOITHOCTH,
KOTOpas MPOXOAUT CKBO3b IMOYIIPO3PAUYHOE 3€pPKaJI0 U 00pa3yeT BBIXOJHOM Jia3epHbIN
ny4ok. CaMoBO30yXIEHUE HE MOYKET HAayaThCs, IOKA YCUICHHE HE MPEBBICUT MOTEPH,
KOTOPbIE BO3HHMKAIOT BCJICJICTBUE IOTJIOUIEHUS CBETAa B CPEAE, HAXOMSIIEHCS BHYTPH
pEe30HATOpa, UM PACCESIHUS YACTU U3ITyUYECHHS yepe3 OOKOBYIO TOBEPXHOCTb.

Amnaumyonoe ycnoeue. JlOCTaTOUHO CHIIBHBIM TOK Hakayku Iy co3maér
MHBEPCHYIO HACEJIEHHOCTh ypoBHeHl. MIHBepcHas HaceleHHOCTb MpEeNCTaBisieT cOOO0M
COCTOSIHHE, KOI/Ia Ha BEPXHEM YPOBHE HACEIICHHOCTh AJIEKTPOHOB OOJbIIE, YEM Ha
HuwkHeM. [lpy Hanmuuuu WHBEPCHON HAceNEHHOCTH Oojiee BEpOSITEH MPOIECC
CTUMYJIUPOBAHHOTO H3JIy4YeHus: npyroro Qorona. Jns pabGoTel nazepa TpeOyercs,
YTOOBl YCHJIEHHWE IMPEBBICWIIO IOTEPH, YTO AOCTUTAETCS MPU MPEBBILIEHUA TOKOM
Hakadku Iy HekoToporo nmoporosoro 3HaueHus Iy (Iy > ).

HcrouHuk Toka Hakadkd Iy co3gaér HEOOXOAMMYIO KOHLIEHTPALUIO HOCUTENEH B
00eHEHHOM CJI0€ — TIOYTH BCE HUKHUE YPOBHHM 30HBI IPOBOJAMMOCTH 3aCEJICHBI
AJIEKTPOHAMH, a MIOYTH BCE BEPXHUE YPOBHHU BAJIEHTHOM 30HBI CBOOOIHBL. BeposaTHOCTh
U3Ty4yaTeIbHOM PEKOMOMWHAIMK BENIMKA, YTO OOECIEYMBACT BBIIOJIHEHUE YCIOBHS
IIPEBBIIEHUS YCUIIEHUS HAJl IOTEPSMH.

Dazosoe ycnoeue. W3 Bcero MOTOKa POXKIAOIIUXCA (POTOHOB C pa3HbIMU

SHEPTrUsAMH (C pa3HBIMH JTMHAMH BOJIH) pe3onartop dabpu-Ilepo BeIOMpaeT TOIBKO Te€,
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KOTOPBIC YAOBJCTBOPSAIOT YCIIOBHIO PC30HAHCA — BAOJIb JJIMHBI PE30HATOPA JOJIZKHO

YKIAAbIBATLECA ICJIOC YU CJIO ITOJTYBOJH ﬂ«p .
L=k(2,/2); k=1,2,3..., (6)

rae L — jiuHa myTH, 1o KOTOPOMY pacipOCTPaHSIETCsl N3JIyUYEHUE,
k — uenoe yucno.

Takue hoToHbl AHPEKTUBHO OTPAKAIOTCSA 3€pKAIAMH PE30HATOPA, YTO CO31AET
MIOJIOKUTEIIbHYI0O OOpaTHYIO CBSI3b. OJTHM 00€CTICUMBACTCS BBIMOJTHEHUE (Pa30BOTO
ycioBusl reHepanuu. [1o3ToMy H3nydeHHe BO3HUKAET Ha JIMHAX BOJH, JJII KOTOPBIX
BBITIOJTHEHO YCJIOBHE pe30HaHca. B JaHHOM cilyyae M3JIydeHHE MPEeACTaBIseT cOOOi
HECKOJIBKO "mo4TH" MOHOXPOMATUYECKUX BOJH, KaXJAOW M3 KOTOPBIX COMOCTABIISIETCS
MIPOJI0JIbHAS MOJIa PE30HATOPA C COOTBETCTBYIOIINM HUHIEKCOM K.

Ponv  pezonamopa. Crniontannble (OTOHBI, CIy4allHO pOJMBIIHECS B
HarpaBiieHnr ocu OO WM JOCTaTOYHO OJIM3KO K HeMy, OyayT MpoXoauTh BHYTpH AO
OTHOCHUTEJILHO OOJIBIION MyTh, KOTOPBIM, K TOMY K€, CYIIIECTBEHHO YBEJIUYMUBACTCS U3-
3a MHOTOKPATHBIX OTPAXKCHUI HM3Iy4eHUs OT 3epKasl pe3oHartopa. B3auMoaencTBys c
BO30OYXIEHHBIMA aKTHBHBIMU IICHTpPaMH, 3TH (OTOHBI HHHIIUMUPYIOT, B KOHEYHOM
c4y€Te, MOIIHYIO JIaBUHY BBIHYXKJIEHHO HUCIYIIEHHBIX (POTOHOB, KOTOpasi U oOpasyer
ayd. YUTo e KacaeTcs TeX CIIOHTAHHBIX (DOTOHOB, KOTOPBIE CIIyYalHO POJIUIIUCH B UHBIX
HaIlpaBJICHUSIX, TO OHU (M COOTBETCTBYIOIINE JIABUHBI BTOPUYHBIX (DOTOHOB) MPOUIYT B
AKTUBHOM 3JIEMEHTE OTHOCUTEIBHO KOPOTKHUM MyTh M OBICTPO BBIMAYT 3a mipeaesnl AO.

Takum 00pa3oM, ONTHYECKUN PE30HATOP BBHIMOJIHAET MPUHIUIIUATIBLHO BAXKHYIO
ponb. bypHO pa3BUBaKOIIUECS B WHBEPTUPOBAHHOM AaKTUBHOW CpEIE MPOLECCHI
BBIHYKJICHHOTO MCITyCKaHUs (MHUIMUPOBAHHBIC CIIOHTAHHO POJUBIIMMHUCS (POTOHAMU)
pe30HaTOp Kak Obl YIOPSI0YMBAET, HAMPABISET B HYKHOM HAINpPaBJICHUU U B UTOTE
dbopMupyeT JazepHOE U3ITYUYECHHUE C BHICOKMMHU KOTEPEHTHBIMU CBOMCTBaMU. [lockonbKy
CBET 3aBOJAUTCS B ONITUYECKOE BOJIOKHO YEPE3 OJHY U3 noBepxHocren JIJI, Ha3piBaeMyro
(bpOHTANBHOM, TO €ro 3aJHSS MOBEPXHOCTh MOKPHIBACTCS OTPAXKAIOIIUM MaTepUaioM

AJIs1 YMCHBIICHHSA ITOTCPh CBCTA.
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3.4 Ycrpoiictso JI/]

Haubonee pacnpoctpanensl Ha cerogusimHuii  gaenb JIJI ¢ aBoitHOM
rerepoctpyktypoit (JII'C), koTopas oOpazoBana nepexogamu tuna N-p-P u P-p-N. Ilpu
UX WU3TFOTOBJIEHWH TpeOyeTcs TIaTeapHas OTpabOTKa TEXHOJIOTMYECKOTro LHKIIA,
IOCKOJIbKY B 00JIACTH MEPEXO0JI0B MPOUCXOAUT KOHTAKT JBYX Pa3IMUYHBIX MaTEpHaJIOB,
OTJIMYAIOIINXCS CTPOEHUEM KPUCTALIMYECKOW pemeETKA. OT KayecTBa BBHIPAIIMBAHUSA
TAaKOH CTPYKTYpbl B LEJIOM 3aBHUCIAT BCE OKCIUTyaTallMOHHBIE XapaKTEPHUCTHKU
U3IIyYaTensl.

3a cuét npumenenust J[I'C nosiBnsieTcst BO3MOKHOCTb:

— yBenuueHus 3pHEeKTUBHOCTH UHXKEKIINU;
— YBEJIWYEHUS! BHYTPEHHEH KBAaHTOBOM 2((HEKTHBHOCTH;
— yYMEHBUIEHHU IIOTEePh U3IyYEHHUs Ha IorolleHue B marepuaine JIJ1.

Ha pucynke 10 nokazana ynpomeénnas cxema JIJI va ocnoe JAI'C Tuna N-p-P.

Omna mnpezacraBisier coO0M MONEpeuHbId pa3pe3 aHaIu3upyeMoro snementa. Kak
IpaBUJIO, B cOBpeMeHHbIX JIJI wWcmonb3yercss OceBOE€ H3IYy4YEHHE, IMPU KOTOPOM

dbopMupyembIii MOTOK (POTOHOB PACTIPOCTPAHICTCS BJIOIL 0OCTHEHHOTO CIIOS.

KOHTAKT H + AxTHEHA" obmacTe mupHHOI 3-SMEM
TEMIOOTEOT £
-3102
LotEe el Lt uE -p¥-Gahs xoHTaKTHHIHA
EGEU‘%L&S -p- Gals cnof
OrpaHHYHEARIIHE
L Tow maragen [
n*-Gals mogmoxxa
i e .
= (O TpHUATENE HEH

EOHTART H TEIINOOTBEOO

Pucynok 10 — Cxema nomnepeyHoro ceueHus noJIOCKOBOTO Ja3epa tumna P-p-N

AKTHBHas 00J1aCTh NpeaAcCTaBJACT coOoi mMartcpuall ¢ 0oJice BEICOKUM 3HAUYCHUEM

IURJIEKTpUUecKord mnpoHunaeMoctu. Ha e€ rpanummax Qopmupyemass BOJHA MOXKET
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UCIIBITHIBATh MOJHOE BHYTpPEHHEE OoTpakeHue. Torjga akThBHAs 00JacTh MOXKET ObITh
Ipe/cTaBlieHa B BHUJAE OTpe3Ka JTUAIEKTPUUECKOro BOJHOBOnA. Topisl 06iacTw,
BBITIOJIHSAIOIINE POJIb MOJYIPO3PAaYHbIX 3€pKai, "MpeBpamaroT”’ akTUBHYIO 00JacTh C
BOJIHOBOM TOUYKH 3PEHUS B JUAJICKTPUUECKUN PE30OHATOP.

Jns BOJIC wucnonbs3yroTcs Jia3epbl TOJBKO IOJOCKOBOW reomMeTpuu. B HHX
aKTHBHasE 00yiacTh Jiazepa co3gaércss B ¢GopMe TMOJIOCKH, 3aKJIIOUYEHHOW BHYTPH
3HAUUTENTHLHO OO0Jiee IMUPOKOW MaccUBHOM yacTu Kpuctawia. OHU 00JamaroT psIoM
BaYKHBIX MTPEUMYILIECTB 110 CPABHEHUIO C APYTUMHU BapHaHTaMHu MpUOOPOB:

— U3JIyYEHUE BBIXOAUT 4Yepe3 IUIOMIAAKY MaJOM IUIOIIAJAHM, 4YTO YIPOIIAET
COTJIACOBAHME JIa3epa CO CBETOBOJIOM;

— JIydllle TEeTUIOOTBOJ, TaK KaK aKTWBHas 00JacTh, B KOTOPOM BBIACISETCS TEIUIO,
HAXOJIUTCSI BHYTPHU 00JIee X0JIOJHOI0 HEAKTUBHOTO MOJTYTIPOBOIHUKA;

— YyMEHbIlaeTcsa paboyuil TOK J1azepa.

3.5 Xapakrepuctuku JIJ|

K 4uciay  OCHOBHBIX  XapaKTEpUCTHK  MOJYNPOBOJHUKOBOIO  Jas3epa,
OTIPEAEIAIOUMX BO3MOKHOCTh HCIIOJIb30BaHUSl €r0 B CHUCTEMAax CBSI3U M IEepenadu
uH(pOpMAaIMU OTHOCSITCS:
— MOIIHOCTb U3JTy4YEHNUS;
— JuarpamMma HamnpaBJIEHHOCTH U3Ty4EHHS;
— JUIMHA BOJIHBI U3TYUYEHUS MOJIbL;
— CIEKTpaJIbHas UIMPUHA;
— MOJspU3alus U3ITyYeHUS;
— OBICTpOJEHCTBUE;
— CpOK CITyKOBI.

Mownocms  uznyuenusi. 3aBUCUMOCTb MOIIHOCTU H3JIy4€HUS OT TOKa

HAKaykH (BaTT-aMIIEpHAasl XapaKTEPUCTHUKA) MPU PA3TUYHBIX 3HAYECHHSX TEMIIEpaTypbl

NoKa3aHa Ha pucyHke 11.
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Pucynok 11 — Barr-amnepHsie XapaKTEepUCTUKH MOTyITPOBOAHUKOBOTO JI/]

[Tpu manbix Tokax Hakauku (I < Iyy) mazep padoraer mogo6Ho CHUJI: mpoucxoaut
CIIOHTaHHas U3Jy4yaTellbHas pekoMOuHauusg M wus3nydeHue JIJ[ HekorepeHTHO W
HenoJispu3oBaHo. [Ipu mpeBbilieHnn noporoBoro 3HadeHus Toka (I > Ip) Hactynaet
na3epHblil  3¢¢ekT, TreHepupyeMas ONTHYECKas MOIIHOCTh PpE3KO BO3pPAacTaeT,
U3IIy4CHHE CTAHOBMTCS BBIHYKJEHHBbIM. Kak BHJIHO, BaTT-aMIepHas XapaKTEpPHCTHKA
CyLIECTBEHHO HenuHenHa. [lo 3ToM mpuyuHe MOIYJIALMSA BBIXOAHOIO HANPSHKEHUS
nyTéM HM3MEHEHHsI aHAJIOrOBBIM CUTHAJIOM TOKAa WMHXKEKIUHU Ja3epa 0e3 MpUMEHEHMs
CIICLMAJIBHBIX MEp JIMHEApU3alluu BaTT-aMIIEPHON XapaKTEpUCTUKU IIPAKTUYECKU HE
VICIIOJIb3YETCS.

OOBIYHO MPUMEHSIOT UMIYJbCHBIE METOABl MOAYJSILMM TOKA HHXKEKLIHUU H,
COOTBETCTBEHHO BBIXOJIHOM ONTHYECKOM MoOIIHOCTH Jazepa. Cremyer 0co0o0
INOAYEPKHYTh, YTO JIa3ep SABISETCA MCTOYHMKOM CBETAa C OTPAHWYECHHOW ITMKOBOM
MOIIIHOCTBIO. DTO CBSI3aHO C TEHJICHIMEN YMEHBIIEHUS! MOILHOCTH MPU OOJIBIIMX TOKaX
HAaKaykKl M C ONTHUYECKUM camopaspyuieHneM. OTMETHM ell€ OAHY CYLIECTBEHHYIO
OCOOCHHOCTb, MPHUCYLIYIO JIa3€pHOMY JHMOAY: HpPHU H3MEHEHUU TeMIepaTyphl
OKpYKAlOLIEH Cpeabl NPOUCXOAUT CABUI BATT-AMIEPHBIX XAPAKTEPUCTHUK. ITO

IMPpUBOAUT K M3MCHCHHIO BCIIMYWH IIOPOIrOBOro TOKa H BBIXOI[HOﬁ MOIIIHOCTH. I[JIH
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YCTPAHEHUs 3TOr0 HEAOCTaTKa MCIIOJIB3YETCSA AJEKTPUUYECKUE CXEMbl KOMIICHCAIUH, a
TaK)Ke CXEMbI TEPMOKOMIIEHCAIINH, YIIPABIIAIONINE pa00TON MUKPOXOJIOIUIBLHUKA.

JInst cucTeM ONTHYECKON CBSI3W MCHOJIB3YIOTCS JIa3epbl Y KOTOPBIX C OJHOIO
Topua pe3oHaTropa wusnyyaercs S5—20MBT npu mmpuHE MOJOCKOBOTO KOHTAaKTa
10-20mkm. Takoe 3HaUEHUME MOLIHOCTH SABJISIETCS Pa3yMHBIM KOMIIPOMHUCCOM MEXKIY
BEJIMYMHONW TOKA HAaKayku, TPEOYyeMBbIMU MOIIHOCTBIO M3IYUYEHHUS U CPOKOM CITY>KObI
u3nydarens. Eciau  yBENWYWTh IIMPUHY TMOJOCKOBOTO KOHTakTta 10 100MkM, TO
W3JIy4YE€HUE C OJJHOTO TOpIa MOXKET TOCTUTHYTh 100MBT.

Juacpamma  nanpaénennocmu. TunidHas  AuarpaMma  HamnpaBIEHHOCTH
ontuueckoro minydenus: JIJ[ mokasana Ha pucynke 12,a. Kak BuagHO, auarpamma
U3NTydeHUsl Jiazepa HecuMMeTpuuHa (pucyHok 12,06). E€ mmumpuna, msmepsemas Ha
YpOBHE MONOBHHHOM MOIIHOCTH, MeHee 20° B IUIOCKOCTH, TapaiiebHON Iepexoy, H
6oree 40° B MEePIEHAUKYJISIpHON tiockocTh. Ha pucynke 12,B moka3zaHa 3aBUCHMOCTb
M3JIy4aeMOM MOIIHOCTH OT YIJla BO B3aMMHO NEPIEHANUKYIJISIPHBIX HAIIPABJICHUSX.
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a — uarpaMMa HampaBJIE€HHOCTH; O — 3aBUCUMOCTb U3J1y4aeMOU MOIIHOCTH OT yTiia BO
B3aWMHO IIEPIICHANKYJISIPHBIX HAIIPABIICHUSX; B — KOHYC U3Jy4YCHUs

Pucynok 12 — JlnuarpamMmma HanpaBjI€HHOCTH ONTUYECKOTO u3iydeHus JI/{

I[I/IarpaMMa HAIIpaBJICHHOCTHU HUMCCT q)OpMy SJTHIITHYCCKOI'O KOHYCa.

JloctatoyHo  Oonblasi  yrjioBass  pacXOJAWMOCTb  T€HEPUPYEMOTO  U3Iy4YCHHS
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npensTcTByeT 3P¢hekTUBHOMY €€ BBOJY B BOJIOKHO C Majioil 4YKMCIIOBOM amepTypoi,
TpeOysi MPUMEHEHUS CIIEIUATbHBIX COTJIACYIONTUX YCTPOUCTB.

Jlmuna eonHvl uznyyenusi Moowl. JITAHOW BOJIHBI WM3JIYUYEHUs] MOJABI CUUTACTCS
JUTMHA BOJHBI Ao, HA KOTOPOU BBIXOAHASI MOITHOCTh MaKCUMAaJIbHA.

Cnexmpanvuas wupuna. PeanbHo monoca MpONMyCKaHHUs pe30HaTOpa KOHEYHA U
criekTp m3nyuyeHus JIJ[ cocraBineH u3 OTHOCUTENBHO y3KMX JMHUM. Ha pucynke 13
MOKa3aHa 3aBUCUMOCTh CIEKTpajabHOU MottHOCTH P(A) oT muymnab! BostHb! fuist JI/I.

Y mHOromoaoBeix JIJI mupuHa kaxaoi oraenbHon TUHUM AA=1— 3HM, HHTEepBaJ
MEXIy HUMU cocTaBiisieT 2—-SuM. Y ogHomoaoBbIX JIJI mmpuna nuaun AA=0,1 — 0,4HM.

['maBHass orTnuuurenpHas uepra cnekrpa JIJI — mHeWdaras CTpyKTypa H

3HAYUTENBHO O0Jiee y3kui criekTp no cpaBHeHuto ¢ CUJI.

P
Py |

03P max
0.5Pmax

Pucynok 13 — CnektpanbHasi XapakTepUCTHKAa MHOTOMO/IOBOTO () U

onHoMooBoro (6) JIJI

Tonapuzayus uznyuenus. JlazepHblil 1o o0ecieunBaeT reHepalnio HECKOIbKUX
OTJEJIbHBIX «IIOYTH» MOHOXPOMATHYECKUX BOJH, KOTOPHIE MOXHO CUHUTATh YaCTHUYHO

IMOJIAPU30BAHHBIMH — OPHUCHTAIMA BCKTOPOB J3JICKTPOMAIHUTHOI'O IIOJISA OIIPCACICHA
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tonosiorudeckorr cxemout JIJI, B omnmmume or CHUJl, roe wuzmyueHue He oOamaer
NOJISIPU3ALMEH, T.€. BEKTOPhI JIEKTPOMArHUTHOTO MOJII OPUEHTUPOBAHBI CIy4YalHBIM
obpazom.

bvicmpooeticmseue. CKOpOCTh BKJIIOYEHHSI M BBIKIIOUEHHUS! MCTOYHUKA JIOJKHA
OBITH JIOCTATOYHO BBICOKOW, YTOOBI COOTBETCTBOBATH TPEOOBAHUSM IIMPUHBI padboueit
MOJIOCHI TIPOITYCKAHUSI ONTHUYECKOW CHUCTEMBI. CKOPOCTh UCTOYHHMKA, KAK YKa3bIBAJIOCh
BBIIIE, ONPEACIISIETCS BPEMEHEM HapacTaHUs U chaaa curHana. Jlazepbl UMEOT Bpems
HAPACTAHUA Tup<IHC, B TO BpeMs KaK Ty, Yy CHJl — HECKOJBKO HAHOCEKYH].
MakcumaiibHasi 9acToTa MOJYJIAIHMH, KOTOPOW OIICHWBACTCS  OBICTPOACHCTBUE
UCTOYHUKOB M3NydeHus, y JIJI mocThraer HECKOJbKMX THrarepl, 4TO 3HAYUTEIbHO
6omnbiie uem y CU/I.

Cpox cnyocowi. Jlo HemaBHErO BpPEMEHH JIa3€pHOTO  JHWOALI  O0amamu
3HAUUTEILHO MEHbIIeH HaaéxkHocThio, yueM CUJI, Tak kak oHM TpeOGoBanu OONBIIMX
TOKOB Hakaudku. B HacTosliiee BpeMs yAajaoCh 3HAYUTEIBHO MTOBBICUTHh HANEKHOCTD JI /]
u npubnam3uth ux k CHUJl mo BpemeHnu HapaOOTKM Ha OTKa3, KOTOpoe cocTaBisieT 50

ThIC. 4acoB u 6ojee (5—8 jer).

4 TIEPEJAIOLLUE OITTORJIEKTPOHHBIE MOJIYJIH (TIOM)

4.1 OcHoBHbIe 251eMeHTH [IOM
JInst opranusanny nepesadyn ONTUYECKUX CUTHAIIOB HE JJOCTATOYHO MMEThH TOJBKO
UCTOYHUK u3iaydeHus. B moboii koHcTpykimu [IOM ecTh cnernuaibHBIN JepiKaTelb,
KOTOPBIY MO3BOJISIET 3aKPENUTH U 3alIUTUTh OCHOBHBIE 3JIEMEHTHI MEpeaaTUNKA:
— wuctounuk uznyuenus (JI[ nou CU);
— Y31 AJIEKTPUIECKOTo nHTepdeiica;
— MECTO COMPSIKEHUS C BOJIOKHOM.

HHOFI[a Tp€6YIOTC5[ AOIMMOJIHUTCIIbHBIC BHYTPCHHHUC JJICMCHTBLI JUJIA OITHUMAJBHOIO
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IMPUCOCANHCHMA BOJIOKHA. BaxxHbpIM 31€MEHTOM JIA3CPHBIX AUOOO0B ABJIACTCA LICIIb TOKA
HaKa4KHl, M CHCTCMA KOHTPOJIA TCMIICPATYPHbI. I[J'I?I CJIOKHBIX OIITHYCCKHUX CHCTCM
,Z[O6aBJ'I$IIOT MOHHUTOPHUHI' BBIXOJHOT'O  OIITHYCCKOIO CHI'HAJA. O6n1a;1 cXeMa
KOHCTPYKOHUH OITHYCCKOIo IICPCIaTdrhKa, B KOTOpOﬁ HC BCC JJICMCHTBI ABJIAIOTCA

o0s3aTeIbHBIMHU, TTIOKa3aHa Ha pUCYHKE 14.

DNeKTpHYeCcKHe OnrHdeckne
HHTepdefick : uHTepdelickl
mr—— T _———"——-"‘—_-'"_‘——_—'__‘—'—_'_“1
L _ _ "

3nekTpuYeckne Tok < BHyTpeHHWit l
npeobpaszoearenu HaKa4Kn MOOYNATOR :
. Ly
OnTUYecKuia HerouHuk . ATTe- —
: _"naBHLIA | MOHWTOPWHI N3ny4eHna HIoaTop
| CUrHaNbLHBIN 4{ ||
I NoToK }
l N emMnepaTypHLIA |
: OxnaagH1e - MOHWTOPMHI l
{
L,E[ep;KaTenL U
OnTHdecKHi
ITonkmrodeHHe BEIXOIL
ap

Pucynok 14 — Crpyxrypnas cxema [IOM

Kak BuaHo u3 cxemsl IIOM cocTOUT M3 ONTUYECKOW YACTH M HJIEKTPOHHOMN
CXEMBI, OCHOBHBIM Ha3HAYEHHUEM KOTOPOU SBIIETCA MOIYJISALMS U3JIy4aeMoro ceera. B
ontudeckor ronoke ¢ CHJl pazMmemaercs AMOA U MOIYJISATOP TOKAa HAKAyKd, a B
onTu4yeckod roioBke ¢ JIJI AOMKHBI HaXOAUTHCA Jiazep, MOAYJIATOP, (HOTOaMON
00paTHOM CBS3U U JIEKTPOHHAS CXE€Ma, C TIOMOIIbIO KOTOPOU CTAOUITUZUPYETCS PEKUM
paboTel nazepa. HeoOxonumplil i cTaOMIIM3aIMU CUTHAJ MOCTYNAET Ha BXOJ CXEMbI

0T (hOTONO/Ia, PETUCTPUPYIOIIETO MHTEHCUBHOCTD U3ITy4EHUS Ja3epa.

4.2 Cxema npocreitmero [IOM

[IpuannnuansHas cxema npocrenmero [IOM c JIJI mnu CU/ npuBeneHa Ha
pucyHke 15.
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BXOIO

Pucynok 15 — ITpunuunuansaas cxema npocrteitmero [IOM

JInos1 yCTaHOBJIEH Ha TEIUIONPOBOJSILEM PaguaTOpPe, U3IYyUYEHUE BBIBOAUTHCS
U3 ONTHYECKOM TOJIOBKH HApYKy Yepe3 OTPE30K ONTHUYECKOIO BOJIOKHA, K KOTOPOMY
B CBOI OY€penb, IMPHUCOCAUHSIETCS BHEIIHEE ONTHYECKOE BOJOKHO. Monynsarop
CMOHTHPOBaH B OOIEM KOPIYCE C ONTHUYECKOW TOJOBKOM MU MPEJCTaBISET COOOM
MHUKPO3JIEKTPOHHYIO CXeMy — MpeoOpa3oBaTellb «HANPSKEHUE — KOI» YIPaBIISIOIIYIO

TokoM B 1ienu nutanus CUJI nnm JI/I.
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