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1 BBenenue

Heap padoThl: U3y4UTh TPUHLHUIEI PAOOTHI MOIYIIPOBOIHUKOBOTO Ja3epa
Y TIPOBECTH U3MEPEHUE €T0 OCHOBHBIX ITAPaMETPOB.

O0beKT Mcce0BaHus: OJYTIPOBOJHUKOBBIM MHKEKIIMOHHBIN Jla3ep Ha
ocHOBE J1azepHoro moayJist KLM-650.

3apauu, pemaembie B padore

1. Os3HakomiIeHHE C NPUHLMIOM pabdOTbl W KOHCTPYKIHOHHBIMHU
0COOCHHOCTSIMH TOTYITPOBOAHUKOBBIX JIA3€POB.

2. HsmepeHnue 3aBUCUMOCTH WHTEHCUBHOCTH W3ITyYEHHUS
MOJIYIPOBOJHUKOBOIO JIa3€PHOTO MOJYJISI OT BEIUMYHMHBI TOKA, MPOTEKAIOIIETO
gepes p-n MEPexo.

3. Hccnenosanue CTENIEHU HOJIApU3ALNH U3ITyYCHHUS
MOJIYIIPOBOJHUKOBOI'O JIA3EPHOTO MOJYJIA B 3aBUCUMOCTH OT TOKa, TPOTEKAIOLIETO
gepes p-n MEPExo.

4. Awnanu3 H3MEHEHUs NapaMeTpOB H3IY4YEHUS B CBETOJAMOJHOM U
Ja3epHOM peKuMax paboThl JTa3€pPHOTO MOTYJIS.

B xoje BbInonHeHus: paboThl y CTYJEHTOB (DOPMHUPYIOTCS:

- TOTOBHOCTH BBINOJHATH pacyeT M NPOECKTHUPOBAHHE HIEKTPOHHBIX
npuOOpOB, CXEM M YCTPOWCTB pa3IMYHOIO (YHKIMOHAIBHOTO HA3HAUEHHS B
COOTBETCTBUM C TEXHMYECKMM 3aJaHUEM C HCIOJIb30BAHHEM  CPEICTB
aBromaTtuzauuu npoektuponanus (I1K-10);

- CIOCOOHOCTBH apryMEHTHUPOBAHO BbIOMpaTh U PEAN30BbIBATh HA MPAKTUKE
3 ()EKTUBHYI0O METOAMKY 3KCHEPUMEHTAIBHOTO HCCIEAOBAaHUS MapaMeTpoB U
XapaKTepUCTHK NPUOOPOB, CXEM, YCTPOWCTB U YCTAHOBOK DJIEKTPOHUKH U

HAHORJICKTPOHUKH paznyHOro GyHKIMoHanbHOro HazHaueHus (I1K-20).



2 TeopeTnyeckas 4yacTtb

2.1 OCHOBHbIE NOHATUSA

[TonynpoBOJHUKOBBIA J1a3ep — Jia3ep, AKTUBHOM CPEIOHM KOTOPOTO
SIBJISIETCS TIOJYTIPOBOJHUKOBBIM KPUCTAIL, a TOUHEE, 00JIaCTh P-n Mepexoa.

B nmoaynpoBOJIHMKOBOW aKTHUBHOM CpelEe MOKHO JIOCTUTHYTH OOJIBLIOrO
ONTUYECKOTO YCWJIEHHUS, YTO OO0YCIaBIMBAET BO3MOXKHOCTb MCIIOJIb30BAHMS
AKTUBHBIX AJIEMEHTOB MAaJIbIX pa3MepoB (IurHa pe3oHaropa 50 MkM — 1 MM) u
o0OecrieynBaeT KOMIIAKTHOCTb TakuX JiazepoB. [loMMMO  KOMIIAKTHOCTH,
MOJIyIPOBOJTHUKOBBIE J1azepbl 00nanatoT BbicokuM KIIJ (mo 50%). bonbmioi
BBIOOpP COBPEMEHHBIX IMOJYIMPOBOJHUKOBBIX MAaTEPHATIOB JIA€T BO3MOKHOCTh
[OJIy4yaTh T€HEPALMI0 B IIUPOKOM CHEKTpaidbHOM auamnaszone (ot 0.3 mxm g0 30
MKM). OTH KayecTBa OOECHEYMIM MOJIYINPOBOAHUKOBBIM Ja3epaM IMIMPOKOE
IpUMEHEHUE B  ONTOMH(OpPMATUKE — B  pa3IUYHBIX ONTHYECKUX U
OITORJIEKTPOHHBIX YCTPOMCTBAX Mepeaadn, 00pabOTKU, XpaHEHUS U OTOOpaXKeHHUs
uH(popManuu.

JUis TOCTHKEHUsI TeHEepalluy Jiazepa Jro0oro Thna (MoIylnpoBOAHUKOBOTO,
ra3oBOro, >KMJIKOCTHOTO WJIM TBEPAOTEIbHOI0) HEOOXOAMMO BBINOJHEHUE ABYX
OCHOBHBIX TPEOOBaHMI:

1) co3nanue MHBEPCHOM HACENEHHOCTH;

2) HanmMuyMe pe3oHaTopa A O0ecrnedeHUs MOJOKUTEIbHOM o0paTHOU
CBS3U U KBAHTOBOT'O YCHJICHHS.

B omimume oT sa3epoB Apyrux TUIOB, B IMOJYIPOBOJHUKOBBIX Ja3epax
UCIIOJIB3YIOTCS U3JIy4aTeIbHbIE MepEX0Ibl MEKY pa3penieHHbIMU
DPHEPreTUYECKUMH 30HaMHM, a HE MEXHIy JHUCKPETHBIMU 3HEPreTUYECKUMU
YpOBHSIMU. MIHBEpCHAsI HACEIIEHHOCTD CO3AETCS C IOMOIIBI0 MHXKEKIIMU YePE3 p-n
IIEPEXO0/l HEPABHOBECHBIX HOCHUTENIEW TOKA, IIyTEM MPUJIOKEHUS BHEIIHETO
HalpsDKEHUsT B IPSAMOM HampasiieHuu. Jleno B TOM, 4YTO pacnpelneicHue

QJICKTPOHOB I10 BO3MOXHBIM OHCPIE€TUUCCKUM YPOBHAM B IMOJYIIPOBOJIHHUKAX



3aBUCUT OT KOHUEHTpPALMU MPUMECH U TeMmmepaTypbl Kpucramuia. [Ipu stom mis
KOKIOW TEMIIEpaTyphl CYLIECTBYET BIIOJHE OIPEIEICHHOE PACHPENEIICHHOE
JIEKTPOHOB 110 3HEPreTUYECKUM YpPOBHSAM. IIpu 3TOM 4acTh 3JIEKTPOHOB MOKET
o0nanaTh SHEPTUECH, TOCTATOYHON, YTOOBI MEPEHTH B 30HY POBOJAUMOCTH U CTaTh
CBOOO/IHBIMU HOCUTENISIMU TOKA. DTU CBOOOJHBIE HOCUTENH, CYLIECTBYIOIINE MIPH
TEIJIOBOM PAaBHOBECHM, Ha3bIBAIOTCS PABHOBECHBIMM HOCHUTEISIMM TOKa. Ecim
BO30YX/IEHHE 3JIEKTPOHOB IIPOUCXOJNUT HE B PE3yJIbTAaTe TEIJIOBOIO BO3/ECHCTBUS,
a 3a CYeT JPYTHUX IIPOLIECCOB, HAIPUMED, ITyTEM OCBELICHUS MOIYIIPOBOIHUKA WU
NyTeM MPUIOXKEHHS DJIEKTPUYECKOIO IOJsl, TO B TEYEHUE OTHOCHUTEIBHO
JUIUTEJIBHOTO BPEMEHU 3JIEKTPOHBI MOTYT 00J1a/1aTh TEMIIEPATYPOM, OOJIbIIEH, YeM
TEeMIIepaTypa aTOMOB, YTO IPUBOAMT K YBEIUYECHHUIO 3JIEKTPOIPOBOJHOCTH, U
TaKUe AJIEKTPOHBbI (M JBIPKH) HA3bIBAIOTCSI HEPAaBHOBECHBIMU HOCUTESIMU TOKA.
Hapsiny c¢ reHepauueli HEpaBHOBECHBIX HOCHUTENEH CyIIECTBYeT OOpaTHbBIN
IPOLECC — PEKOMOMHALINSA 3JEKTPOHOB U JIBIPOK — MEPEXO0]l IIEKTPOHOB U3 30HBI
IIPOBOJIMMOCTH B BAJICHTHYIO 30HY, B PE3yJbTaTe, B PE3YJIbTATE YETO MPOUCXOIUT
MCUYE3HOBEHHUE HJIEKTPOHOB U JBIPOK. PeKoMOMHALMs MOMKET COIpPOBOXKAATHCS
U3JlydeHHEeM (POTOHOB, YTO JEXKHUT B OCHOBE pPabOTHI MOJIYINPOBOJIHUKOBBIX
J1a3€pOB.

Ha puc. 2.1. npencraBneno nosoxxenue ypoBHsi depmu B COOCTBEHHOM H
MIPUMECHOM MOJYyNPOBOAHMKAX. OQHO U3 BAKHEMIIMX CBOMCTB ypoBHs Pepmu
3aKJIF0YAETCS B TOM, YTO B CUCTEME, COCTOSIIIEH U3 MOIYITPOBOIHUKOB N- U P-THIIA
U €Clii K HUM HE€ MPUJIOKEHO HampsbkeHue, ypoBHU Pepmu (Frn u Fp) y HEHX
BbIpaBHUBAIOTCH (puc. 2.1.a). A eclid OHU HAXOJATCA MO pa3HbIMU MOTEHUIUATIAMU
(Ipy MPUIIOKEHUN BHEIIHErO HANPSIKEHUS B MPSIMOM HANPABJICHUH), TO YPOBHU
dbepMu B HUX CABUTAIOTCA HA BEJIMYMHY Pa3HOCTH moTeHuuanoB (puc. 2.1.0). B
30HE P-n Iepexofa CO3/aeTCsi MHBEPCHAsl HACEIIEHHOCTh (32 CYET HHXKEKLUU
HEPaBHOBECHBIX HOCHUTEJIEW TOKa) M 3JEKTPOHBI COBEPIIAIOT MEPEXOJ U3 30HBI
MPOBOJIMMOCTH B BaJICHTHYIO 30HY (pPEKOMOUWHHUPYIOT ¢ Ablpkamu). [lpu stom
ucmyckaotcs (Goronsl ¢ sHeprueil hw. Ilo Takomy mpuHIUny paboraer

ceeroauoa. Ecmu nis 3Tux (GOTOHOB co37aTh OOpAaTHYH CBS3b B BHUJE



ONTUYECKOTO PE30HATOpa, TO B 00JIACTH p-n mepexoia Impu OONbIIUX 3HAYCHMSIX

BHEIIIHETO MPUJI0KEHHOTO HAIIPSKEHUSI MOKHO MOJYUYUTh JIA3€PHYIO T€HEPAIIUIO.

;q_____

fio Fpi
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PucyHok 2.1. DHepreTnueckas AuarpaMma MHKEKIIUOHHOTO
MOJIYIPOBOJHUKOBOI'O Jla3epa: a) p-h nepexoi 0e3 MpUI0KEHHOT0 BHEUTHETO
HaMnpspKeHUs, 0) p-n mepexo] IPU NPHIOKEHUHU BHEITHETO HAMPSIKEHHUS B TIPSIMOM
HaIpaBJIeHUH; d — IIUPUHA P-n TIepexoa, [ — peajibHas MupuHa 00J1acTH,

obecnieunBaronieit paboTy J1azepa

[Ipr mManbIx 3HAYEHUSAX BHEIIHETO IMPUIIOKEHHOTO HANPSLKEHUS MPOLECC
oOpa3oBaHHUs W pPEKOMOMHALMM HEPABHOBECHBIX HOCUTENEH MPOMCXOAMT
Xa0TUYHO, U U3JIy4eHHE 00J1aaeT MajIoli MOIIHOCTbBIO U SIBJISIETCS HEKOT'€PEHTHBIM
1 HEMOHOXPOMATUYECKUM. JTO COOTBETCTBYET CBETOJAMOJAHOMY PE:KUMY PadoThI
IIOJIYIIPOBOJHUKOBOrO Jjiazepa. lIpum yBenuMdyeHMM TOKa BBIIE HEKOTOPOTO
IOPOr0OBOI0 3HAYEHHMS U3JIyYCHUE CTAHOBUTCS KOTE€PEHTHBIM, €r0 CIIEKTpaJbHAs
IIMPUHA CUJIBHO CY>KAE€TCSA, & MHTEHCUBHOCTH PE3KO BO3PACTAET — HAYMHAETCA
JIa3epHBIA pekuM padoThl NOJYNPOBOAHUKOBOro Jasepa. [Ipm stom Takxke
YBEJIMUMBAETCS CTEIIEHb JIMHENHOMN MOJISIPU3aLMY T€HEPUPYEMOTO U3TyUEHHUS.

Ha  pucynmke 2.2~ cXeMaTM4HO  MPEACTABIEHA  KOHCTPYKLHUA
IIOJIYTIPOBOJHMKOBOTO Jla3épa M pPaCHpENeIeHUEe HWHTEHCUBHOCTH BBIXOAHOTO
n3itydeHus. Kak nmpaBuito, B TaKOM J1azepe pe30HATOP CO31AETCsl MOJIUPOBKOM IBYX
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JIMaMETPAJIbHO MPOTHUBOMOJOXKHBIX CTOPOH KpHUCTala, MNEePHEHAUKYISIPHBIX
IUVIOCKOCTH p-n  mepexoia. IJTU IUIOCKOCTH JAENAI0TCS MapajuiebHbIMU U
MOJIUPYIOTCSL C BBICOKOM CTEMEHbI0 TOUYHOCTH. BBIXOIHYIO MOBEPXHOCTH MOKHO
paccMaTpuBaTh Kak IIEJdb, Y€pe3 KOTOPYIO MPOXOAMUT H3Iy4YeHHE. A yrioBas
pPacXoMMOCTh M3JIyUYEHUs Jiazepa onpenensercs Audpakiyuend n3TydyeHus Ha 3TOU
menu. [Ipu tonmuue p-n nepexoaa B 20 MkMm u mupuHe — 120 MKM, yrioBas
0 0
PacXoaUMOCTh COOTBETCTBYET MPHUOJM3UTENEHO 6 B Twiockocth XZ m 17 — B

IJIOCKOCTU YZ.

Pucynox 2.2 - TlpuHnunuanbHas cxema ja3epa Ha p-n-niepexojie. 1 — o0macTts p-n

nepexonaa (aKTUBHBIN CI0#1); 2 — CeUeHUE JTa3epHOTO MMyyYKa B TNIOCKOCTH X-Y.

B coBpeMeHHBIX NOJYNPOBOAHUKOBBIX JIa3epax IIUPOKO HCIOIb3YHOTCS
TaK Ha3bIBaeMble TOJYIIPOBOJHUKOBBICE TIeTEPOCTPYKTYPbI, B pa3pabOTKy
KOTOPBIX 3HAUUTENIbHBIM BKJaJ BHEC oTeuecTBeHHbIM yueHblt X.U. Andepon
(HoGenenckas npemust 2000 roma). ['eTepocTpyKTyphl CO3atOTCSI KOMOWHAIUEH
pa3IUYHBIX MOHO- M TE€TEpOoNnepexonoB. B oTiaumume oT MoHoOmepexona,
HCIOJIB3YIOIIETO KOHTAKT OJMHAKOBBIX IOIYHIPOBOAHUKOB, TE€TEPONEPEXO] — ITO
KOHTAKT JBYX PAa3JUYHBIX MO XMMHUYECKOMY COCTaBYy IMOJYyNpPOBOAHHKOB. Eciu
MOJIYNPOBOJHUKN HMMEIOT OJMHAKOBBIA THI MPOBOJUMOCTH, TO OHHM O0Opa3yroT

V30THUITHBIA I€TEPOINIEPEXO/I.



Ecnu Tunm mMx DpoBOAMMOCTH Pa3iM4YEH, TO IOJIYYaeTCs AHU3OTUITHBIN
rerepornepexor. IIpu 3TomM Ha rpanuue paszena MOIYNPOBOAHUKOB H3MEHSETCS
LIMPHHA 3aIIPEIICHHON 30Hb], 3HaYECHUE IT0Ka3aTellsl MPEJIOMIICHUS U ITOJABUKHOCTD
HOCUTENIEH  3apAN0OB, 4YTO IMO3BOJLSIET JIETYE  YIPABISITH  HapaMeTpaMu
IIOJIYIIPOBOJHUKOBOIO Jla3eépa M CaMO€ TIJIABHOE — II03BOJIIECT IOHU3HUTH IOPOT
reHepaiui. Ha ocHOBe reTepocTpykTyp ObLT CO3[aH NEPBBIM HMHKEKLIMOHHBIN
Jaszep, paboTaromMii mnpu  KOMHAaTHOM Temmeparype. Ilpumep aBoitHOMU

reTepOCTPYKTYphl IPUBEIACH HA pHC. 2.3, a ee PHEpreTuyecKas cxema — Ha puc.

2.4.

Y
r'y
~1 MKM
v
A
~0.1-0.3 MKM
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~1 MKM v
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Pucynok 2.3 - TlonynpoBoAHUKOBAs ABOMHASI TETEPOCTPYKTYpA.

1 — mpoBoAsSIIIMI METATITM3UPOBAHHBIN CJIOM JISI CO3/ITaHUS AJIEKTPUUECKOTO
KOHTakTa; 2 — cioit GaAs (n); 3 — cioit Alg3Gag,As (n); 4 — cioid,
COOTBETCTBYIOILIUIA 30HE MHKEKIIMKM HOCUTENEH 3apsaa (p-n-nepexon); S — cioi
Aly3Gag7As (p); 6 — ciioii GaAs (p); 7 — HEIPOBOAAIIUI CJIOM OKCHA METaJlIa IS
OTpaHUYCHHUsSI TOKA Yepe3 p-n-rnepexo 1, PopMUPYIOMINM 30Hy TeHepaliu
U3IIy4YeHust; 8,9 — mpuiieraromiie CIOU JJIsl CO3/IaHUs DJIEKTPUIECKOT0 KOHTAKTA;

10 — moAJ107KKa C TEIIOOTBOIOM.
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E 3ona nposooumocmu
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[Ipunerarommit AKTHUBHBIHI [Tpuneraronuit
cioii (2) cioii (3,4,5) cnotii (6)

Banenmmnas 30na
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PucyHok 2.4 - DHepreTnyeckas cxeMa JBOMHOU FETEPOCTPYKTYPHI, OCh Y U
HOMEpA CJI0EB COOTBETCTBYIOT pUC. 3. AE,. — MMpHHA 3anpenieHHOM 30Hbl; AE,, —

U pPpHUHA 3ar[pemeHH01?1 30HBI p-N-IICPCXOaa.

B nmanHoit  mabGoparopHoii ~ paboTe  UCCIEAyeTcs — 3aBUCHUMOCTH
WHTEHCUBHOCTH BBIXOJHOTO U3JIy4YCHHs] TOJYNPOBOAHMKOBOTO Jla3epa Ha
TeTePOCTPYKTYpPE, a TaKKe CTENEHb JMHEWHOHN IMOJSIPHU3aIllid OT BEJIMYMHBI TOKA,

MIPOTEKAIOIIETO Yepe3 P-N MepeXxo.

3 JKcnepuMeHTAJbHAA YacTh
3.1 DkcnepuMeHTAJIbHAA YCTAHOBKA

DKClepUMEeHTaIbHAas yCTaHOBKa TSt BBITTOJTHEHUS paboTHI,
NpUHIUNHATBHAs OJIOK-cXeMa KOTOpOM MpuBeleHa Ha puc. 3.1, cOCTOMT uU3 y3la
HMCTOYHUKA M3Jy4YEHHUSI C MOJIYNpPOBOJHUKOBBIM jazepoMm (I1JI), y3ma mpuemHuka
u3NydeHus,  BKmouawomero  ¢otonpueMHuk  (®II),  monspu3zanmoHHOTO

ceeropuibTpa (I1C) u n3meputenbHbIX NIPUOOPOB (MyIbTUMETPBI — M| 1 M,).
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YcraHOBKa CMOHTHMpPOBAaHA Ha ONTHYECKOM penbce. Kaxnapiid ysen (ysen
VCTOYHHUKA W3JIyYCHHS W y3€Jl MPUEMHHUKA W3ITyYEHHs) YCTAHOBJEH B CTOMKE U
3aKpEIUICH Ha peuTepe. Y3Ibl PacloJIOKEHbl Ha ONTHYECKOM PENbCE, KOTOPBIN
OTIpE/ETSeT ONTHYECKYI0 OCh cHUCTeMBbl. [loispru30BaHHBIN CBETOPHUIBTP MOMKET
OBITh OTJIEIBHBIM 3JIEMEHTOM Ha penbee (y3en [IC — cBeToguiibTp B criennanbHON
OIlpaBe YCTAHOBJIEH HAa OTJEIBHOM PEUTEPE) WM COBMELIEH C y3JI0M IPHUEMHHKA
u3My4yeHus: (CBETOQMIBTP CMOHTHPOBAaH B (OpME Hacagke Ha BXOJHOE OKHO
¢oronpuemMHuka). B kadecTBe M3MEPUTENBHBIX MPUOOPOB  HCHOJB3YIOTCS
MYJIBTUMETPBI, C TOMOIIBI0O KOTOPHIX B paboTe MPOU3BOAUTCS H3MEPEHUE
Hanpspokenust (U), Ttoxka (I) u conmporuBnenus (R). M3mepeHue HMHTEHCUBHOCTHU
U3Iy4YeHHUs] B JIaHHOW paboTe MPOU3BOJIUTCS B YCIOBHBIX €IMHMIIAX, B KaUECTBE

KOTOPBIX HCIIOJIb3YIOTCS €IMHULIBI U3MEpEHUs ToKa (A — ammep).

IJI OI1

I1C

Pucynok 3.1 - binok-cxema skcnepuMeHTanbHON ycTaHOBKU: [1JI —
MOJIyITPOBOIHUKOBBIH s1azep, [IC — monsipuzanmonnsiii ceetodunbtp, OII —

doTonpueMHuk, M; u M, — uamepureabHbie MPUOOPHI (MyIbTUMETPHI).

VY3en UCTOYHWKA M3Ty4YeHHUs, MPEJICTABIsAET COOOM MOIYyIMpPOBOJHUKOBBIN
Ja3epHbIi  MOJIyJib,  TMOJKIIOYEHHBIH K  HUCTOYHHMKY  DJIEKTPONUTAHUS.
[IpuHLMOMaTbHAS STIEKTPUUECKAs CXEMa YCTAHOBKH JIJISI UCCIICIOBAHMS U3ITYUEHUS
MOJIYTIPOBOJHMKOBOTO Jla3epa NpeacTtaBieHa Ha puc. 3.2. Jlazep BKiIrovaercs
tymbnepom T. HampsbkeHue oT uUCTOYHMKA mWTaHuA (JlabopaTtopHas CeTh
anekTponutanus 4,5 B wim 6arapes akkymynaropos 4,8 B) uepes conpoTuBieHUs
R; u Ry momaercsa Ha ma3epHbI MOAYJIb, IIPA 3TOM 4Y€pPE3 P-N MEPEXO] HAUYNHACT
IPOTEKATh TOK Ip,., PETYIUPOBKA KOTOPOTO OCYHIECTBISAECTCA NOTEHIMOMETPOM Ryy.
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Pucynok 3.2 - Dnektprudeckasi CxeMa YyCTaHOBKH JIJISI KCCIIEOBAHMS
3aBUCMMOCTH UHTEHCUBHOCTH U3JIy4YE€HUs MOJYIIPOBOJIHUKOBOTO Ja3epa OT
BEJINYMHBI TOKA, MPOTEKAOIIEro yepe3 p-n nepexo; [1JI — morynpoBogHUKOBBINM
nazep, ®II — poronpuemunk, U1 — ncTouyHUK MUTaHUS IMOCTOSIHHOTO ToKa 4,5 B,
R — mocrosHHOE conpotuBnenue, Ry — nepemennoe conporusienue, T —
TyMOJIep JJI BKIIOYEHUS U BBIKIIOYEHUS TMTAaHUsA Ja3epa, V — BOJIbTMETP

(MynbTHMETD), A — ammnepmeTp (MyJIbTUMETP).

BenurHa TOKa MpPOTEKArOIIEro 4Yepe3 p-n IEpPEXol  HU3Mepsercs
KOCBEHHBIM 00pa3oMm: BoJbTMETpoM V| (mkama V Ha MynbTUMETpe M)
u3Mepsercs mnajaeHue HanpsbkeHuss Ha pesuctope Ry (Upy), depe3 KoTopbid
npoTekaeT Tok p-n nepexona (Ip,), a 3Hauenue I,, BeuKcasgeTcs o 3akoHy OMa.
PerymupoBka  I,, mpomsBoamrTcs  moTeHHMOMETpoM Ry (mepemennoe
conpoTuBieHue). ¥Yzen QoronpuemHuka cHabxken Qoroguoaom DJ[-24K,
KOTOpbI pabotaer B (oTorampBaHuueckoM pexume. [log BozaeicTBHEM
CBETOBOTO MOTOKA, MAJAIOLIEr0 HAa BXOJHOE OKHO (POTONPUEMHHUKA, BO3HHKAET
doTodACc, W B 3aMKHYTOM WENH TEUeT TOK, BEJIUYMHA KOTOPOTO H3MEpSETCs
MylbTUMETpOM M, mo mkane Toka (Ipn). B JaHHBIX yclioOBUSX SKCIepUMEHTa
BEJINUMHA lpn IPSAMO MPONOPUHOHAIBHA MHTEHCHUBHOCTH JIA3€PHOTO M3IIyYECHUS.
TunuyHass 3aBUCHUMOCTb WHTEHCUBHOCTH JIA3€PHOTO H3JIYYEHHS OT BEJIMYHHBI

TOKQ, POTEKAIOILIETO Yepe3 p-n NEPEXO]I MPUBEIECHA Ha pUC. 3.3.
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HNHTEeHCUBHOCTH

HCKOT'CPEHTHOC KOTCPCHTHOC
H3JTy4YCHUC H3JTy4YCHUC
0 Inop. Ip-l’la MA

PI/ICYHOK 3.3 - 3aBUCUMOCTb UHTCHCUBHOCTH H3JIYUYCHUA JIa3€pa OT TOKaA,

MPOTEKAIONIETO Yepe3 P-n Nepexo. I, — BeIn4nHa IOPOroBOro ToKa.

OnHon u3 BLKHEMIIMX  XAPAKTEPUCTUK  Ja3zepa  SBIAIOTCSA
MOJISIPU3ALMOHHBIE CBOMCTBA €0 M3IIYYEHHUs, KOTOPhIE B MOJIYIPOBOJIHUKOBBIX
VMCTOYHHMKAX HU3JIyYEHUs TECHO CBS3aHbI C BEIIMYMHOM TOKA, MPOTEKAIOLIETO YEPeE3
p-n mepexon. Kak uW3BECTHO W3 JUTEpPATYPHBIX JAHHBIX  U3JIYYCHHE
IOJIYIIPOBOJHUKOBBIX VCTOYHHUKOB MIPEJICTABIISET coboit YaCTUYHO
MOJIIPU30BAHHBIA CBET, KOTOPBI MOXHO MpeACTaBUTh (IO KpalHeH Mepe
dbopmMaIbHO) Kak COBOKYIHOCTh €CTECTBEHHOIO W JIMHEWHO MOJISPU30BAHHOTO.
Takum 00pa3oM, MOXKHO CUMTaTh, 4YTO HCCIEAyeMoe B paboTe H3IydeHUE
COAEPKUT JIBE OCHOBHBIE KOMIIOHEHTBI, OJIHA M3 KOTOPBIX IMOJHOCTBHIO JUHEWHO
MOJISIPU30BaHa, a BTOpas — HENOJSIPU30BaHA W HE HMEET IIOCTOSIHHOIO
COOTHOIIEHHs (a3 ¢ JIMHEWHO TOJIAPU30BAHHOW KOMIIOHEHTHOW. B atom ciydae
CTEIEHb MOJIAPU3AIUN U3TYyUeHUsI MOKHO onipeaenuThb Kak: P = I /Tiom., 1€ Ly —
VHTEHCUBHOCTh JIMHEWHO TOJSPU30BAHHOW KOMIIOHEHTBI W3IIYYEHHUS, liom.
MOJIHAsi ”THTEHCUBHOCTh YACTUYHO MOJIIPU30BAHHOTO U3JIYyYEHHS.

[Ipu uccnenoBaHuy NOMAPU3ALMOHHBIX CBOMCTB M3IYyUYE€HUS HCIOIB3YETCS
nosisipusaronnbiii cBeToduabTp (I1C), KOTOPHIN MpeACTaBIsSIeT CO00M aHATU3aTOP
MOJISIPU3ALUOHHBIX  KOMIIOHEHT wu3nydeHus. Ilpu moBopore IIC  Bokpyr

ONTHUYECKOMN ocHu IMPOUCXOOUT HU3MCHCHHC HNHTCHCHUBHOCTH H3JIy4YCHUA,
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npomeamiero IIC, xotopoe peructpupyer npubop M,. Ilpu sTOM cremeHb
TOJISIPU3AIH H3TYYEHUS MOKHO ompenenuTh o Gopmyne (3.1).

P = (Imax - Imin)/ ImaXa (3 . 1)
i€ lpax ¥ lpin COOTBETCTBYET MaKCUMAIbHOMY W MHUHHUMAILHOMY 3HAYEHUIO
WHTEHCUBHOCTU u3iydenus, mnpomenmero [IC, mpu mnosopore IIC Bokpyr
ontuyeckoi ocu. B oToM cirydae (Inax — Imin) OIIPENENAET MHTEHCUBHOCTD JTMHEHHO
MOJIIPU30BAHHOW ~ KOMIIOHEHTHI  W3MydeHws, l,, —  HWHTEHCHUBHOCTH
HEMOJISIPU30BAaHHOM KOMIIOHEHTHl (€€ WHTEHCUBHOCTh HE HW3MEHSIETCS MpHU
noBopote [IC oTHOCUTENBHO ONTUYECKOU OCH), a I .x — MOJIHYI0 UHTEHCUBHOCTD
W3ITYYCHHsI, POIIIEIIIETO TMOJISIPHU3AIIMOHHBINA CBETOMUIIBTD.

3.2 IlopsiiOK BBHINOJIHEHUS] PA0OTHI
3.2.1 UccaenoBanue 3aBUCHMOCTH HHTEHCMBHOCTH JIA3€PHOI0 M3JIyYCHUSA
OT BEJIMYHHBI TOKA, IPOTEKAKIETr0 Yepe3 p-n mepexox

1. Bxmrouuts nazep, nepexitounB Tymonep T B monoxenne «Bxmy (ITK-20).

2. IlocraButh mnepen (pOTONPUEMHUKOM BCHOMOTATEIbHBIM 3KpaH (JIUCT
Oenoro kapToHa) JJIsl HaOMroJeHus POpMbI U CTPYKTYphI JazepHoro myuka (I1K-
20).

3. W3mensss comportuBieHue Ry (pydyka peryaupoBKH pacrojioKeHa Ha
BEpPXHEH MOBEPXHOCTHU OJI0Ka ja3epa), MpOCIeanTh, KaKk U3MEHseTCs (popma mydka
Y €ro MHTEHCUBHOCTH MPU U3MEHEHUHU TOKa uepe3 p-n nepexon (I1K-20).

4. BximouuTb wu3MepuTeNbHbIE Tpubopel M; u M, W yCTaHOBUTH
HeoOxoauMble pexxuMbl (M Ha U3MepeHre HalpsKeHus: 1 M, Ha U3BMepeHne TOKa)
(TTK-20).

5. OTprOCTUPOBATH ONTUYECKYIO CUCTEMY TaKHUM 00pa3oM, YTOOBI JIa3epHBIi
ny4ok nonazan B ueHtp ¢potonpueMuuka (11K-20).

6. M3meHss TOK 4yepe3 p-n nepexoi MOTEHUHOMETPOM Ry CHATH mokasaHus
npudopa M; (Upy) m mnokazanuss mpubopa My(len) mms 15-20 Touek B
MaKCUMaJlbHO BO3MOKHOM WHTEpBaje 3HaueHui. J[aHHble 3aHecTH B Tabmuiy 1

(ITK-20).
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7. BeikarounTs sazep, nepekiatounB TymOaep T B monoxxenue «Boikm» (ITK-
20).

8. HMsmepursb conpotupieHue R; ¢ nomounpto Mynstumerpa (M;) no mikane
u3Mmepenus conporusiienus (11K-20).

9. I[aHHI)IG IMIOKa3aTh IIPCIIOAaBaATCIIIO.

Tabnuna 3.1 - JlanHble 111 TOCTPOCHUS 3aBUCUIMOCTH MHTEHCUBHOCTH M3JIy4YCHUS

Jla3€pa OT TOKa, IIPOTCKAIOIICTO 9YCPC3 P-n IICPCXO.

No [Tpu6op M, Upy, Ion, MA [Tpu6op M, lop,
MB MKA
1 2 3 4

3.2.2 UccaenoBanne 3aBUCMMOCTH CTENICHHU MOJISIPU3ALNMA U3JTyYCHUSA
OT BEeJIMYHHBI TOKA, POTEKAKIETr0 Yepe3 p-n mepexon

JUiss  mony4deHuss 3aBHCUMOCTH CTENEHW MOJSAPU3aLMHA  U3IyYCHHS
MCCJIENYEMOTO JITa3€pHOT0 MOAYJS OT TOKA Yepe3 Nepexo] HE0OX0UMMO 3arO0IHUTh
tabauity 3.2.

1. VYcraHOBUTH NOJIAPU3ALMOHHBIA CBETOQUIBTP HAa ONTUYECKON oOcHu
cuctemsl (I1K-20).

2. YCTaHOBUTh MAaKCHMAJIIBHOE 3HAYEHUE WHTEHCHUBHOCTH W3JIyYEHHUS
nazepa (ITK-20).

3. Wsmepurs Uy, nannsie 3anectu B Tadbmumiry 2 (I1K-20).

4. MenaneHHo Bpamas MOJSPU3ALMOHHBIA CBETOQUIBTP, OMNPEACIIUTE
BEJIMYMHY MAKCUMaJIbHOM MHTEHCUBHOCTU u3nydenus, npoueamero [C (1), u
MUHUMAJIbHON WHTEHCUBHOCTU u3nydeHus (l,). [lanHbie 3anectu B Tabmuiyy 2
(ITK-20).

5. W3MeHsisi ”HTEHCUBHOCTh M3JIy4Y€HUs, MPOBECTU U3MEpPEHHUs Mo I.I.2-4
i 8-10 3Hauenuit Toka 4epe3 p-n nepexox (I,,) B CBETOAMOIHOM U JIa3€PHOM
pexumax padotsl Moy (ITK-20).
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6. BrixmounTts nazep, nepexmounB TymOnep T B monoxenune «Bvikimy»
(ITK-20).

7. W3meputsh 3HaueHue R;, HeoOxoaumoe miisa npoBeneHus: pacuetor (I1K-
20).

8. I[aHHI)IG IMOKa3aTh IIPCIIOAaBaATCIIIO.

Tabmuna 3.2 - JlaHHble [Ji1 TOMY4YEHHUS 3aBUCHUMOCTH CTENEHU JIMHEHHOU

nosisipusaiuu (P) oT Toka uepes p-n nepexo.

No [Tpubop M, Ion, MA [Tpu6op M, lpr, MKA P=(Iax —
UHH; MB Imax Imin _Imin)/ Imax
1 2 3 4 5 6

3.2.3 O0paboTKa pe3yabTATOB U3MEPEHHU I

1. PaccumTaTh BEIMYMHY TOKAa YEPE3 p-N MEPEXO] IS KaXIOTrO 3HAUECHUS
Upyr, ucnodib3yro 3akoH Oma:

Ln = Unn/Ry.

Pe3ynbTaThl Beuncienuit 3anectu B Taonuiry 3.1 (IIK-10).

2. Tlocrpouts rpaduk 3aBucuMoctu lep ot I, (ITK-10).

3. Omnpeznenuts BEIUUUHY IOPOroBoro Toka Iy, (IK-10).

4. Omnpenenutsb kodpdunreHTs! (K, u ky,;), Xapakrepusyronme n3MeHeHUe
WHTEHCUBHOCTU M3IyYCHUS B CBETOJMOAHOM U JIA3€PHOM PEXKHUMaxX pPabOThI
MOJYJIs, UCTIONB3YS alMPOKCUMAIINIO Kaxaoro pexuma npsimoit munueit (I1K-10).

Lor = k Ipn, k — KO3 punnenT nuueiHoN 3aBUCMOCTH.

5. Paccuurats 3Ha4yenus l,, u P, 3anonnus tadbauny 3.2 (I1IK-10).

6. Ilo momydeHHBIM IAHHBIM IIOCTPOMTH IrpaukK 3aBucumMocTH P ot I,
(ITK-10).

7. IlpoananusupoBath nonydeHHble pe3ynbTathl (ITK-10), (TIK-20).
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4 CoaepxaHue oT4eTa

OTyeT JOJDKEH ConepKaTh:

- TUTYJBHBIA JIUCT, COACpIKAIUi Ha3BaHWE By3a, Kadeapbl, Ha3BaHUEC U
HOMEp JIabOpaTOpHOW paboOThl, HAWMEHOBAHHWE JUCLUMUIUIMHBI, IO KOTOPOM
BbITIOJIHEHA paboTta, Ne rpynmnbsl 1 @O cTyneHToB, BXOIAIMX B MOATPYMILY, ATy
ucnonnenus, ®MO npenoxasarens, rof;

- OCHOBHYIO 4acCTh, K KOTOpPOW OTHOCSITCSl 1IeJib paloThl, J1aOOopaTOpHOE
3a/lanue, moJryaeHasie o padote pesynbTarsl ([1K-10), (ITK-20).

- BBIBOJIBI IO pe3yJibTaTaM pabOThl, KOTOPHIE SBJISIIOTCS BaXHOW YacCTbIO

otueta u nojiexar 3ammure ([1K-10), (ITK-20).
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