10.  Залежність потужності від частоти для приладів на основі міждолинного переходу.
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Jlnn yonner u rencpauiy oneGanuii CBU-IHaNas0Ha MOKET G5ITh HCTIOMI0BaH BHOMATSHAR JABHCHMOCTS CKOPOCTI EKTPOHOB OT HATDHKCHHOCTH AMEKIPHHCCKOr MO B HEKOTOPI
THOMyTIPOBOTHIKORBIX COGTMHEHMNAX, IPEAAC BCEro B apceriae ranmia. TIpi 2ToM OCHOBHYIO pols HTPAOT NPOLIECCHl, NPOMCIONAIIIE B 06BeMe MONYTIPOROAHIKA, a He B p-n-Nepexoe. B 1961
~1962rr. Puamy, Yoriarsic 1 Xitlicys TeopeTiHecial [IOKAZaMH, 4T OTHOPOZHSIE 0GpAILE! 12 HEKOTOPBIX OMYTIPOEOTHIKOBBIX MATEPHAOR MOFYT HMETh OTpHUATETSHYIO AUdfepeHLmansiyio
nipozommiocts. B 1963 1. Tix [as 3KCIIePUMEHTATsHO OGHAPYIAGL TOKOBYIO HEYCTONMHEOCTS (BBICOKOTACTOTHBIE IEPHOAMMECKIE HMITYTSCHI TOKa) B OTHOPOIHSI obpasuiax i1z GaAs i InP ¢
MeKTpOHHOfi MPOROAMMOCTS (T03ToMY Taite IpWGopS! HazsEaroT MHoxay | ara). B OTeHeCTECHHO THTCPATYPE WX HATBIBAOT TACKE MPUGOPANL C 05YEMHOT HEYCMIOTNUEOCTTEN W ¢
MEHCAOTUHHBIM NEPEHOCOM 31EXIMPOHOS, TIOCKOTBKY aKTUBHBIE CEOHICTEA IMOOB O6YCTOBIEHEI [IEPEXOAIOM STEKTPOHOR U3 (LIHTPATSHO SHEPreTHHECKoft HOMHHEL B «GOKOBYION, TIIe OHI
XapaKTepu3yIOTCA GOTBIOf HpdeKTHUEHOT MACCOT 1 MATOi NOTBILKHOCTSR0. B HHOCTpaHHO/i ITepaType HoCHeAHEMY HasBaHMI0 cooTeeTcTRyeT TepMuss TED (Transferred Electron Device).

Pacenotpin rarsceyio mpupoay aéexra [asta. ByTpr moGoro KpUCTALTIECKOrO HOMYTIPOROTHIKA CYMECTEYCT MPOCTPAHCTE CHHO-IEPHOAIECKoE AMeKTpHrcckoe ione. Ilpi oHHof cagan
OHO CO3IACTCA PATHOMMEHHO 3APAKEHHBIMH HOHAMH B COCEIIHIX YHIAX KPHCTAILTHHECKOI! PEMeTKI, TIPH KOBAISHTHOM - IONOKNTENBHO 3apAKEHHEIMH ATOMHBIMH «OCTATKAMID U MEKTPOHAMH CBA3IN.
BrusHite STOTO MOMA YPEIBHITATHO YCIOKHIET 33Tty ONUCAHNA IBIDKEHUA STEKTPOHOB TIO7l /IEfCTEHEM BHEMHEro eKTPHIECKOro orti. OHAKO KEaHTOBa% TEOPU OKABIBAET, HTO YCPEMHEHHbIE
10 epHORY BHYTPH-KPHCTATIIMECKOrO MO NIAPaMETpbI ABHIKCHIA MOKHO OINCATS YPARHEHIAMH KIACCHMCCKOFE QU1 DM 3aMEHE B HITX Macch! ICKTPOHA 71 Ha HEKOTOpYHo addeKTERYI0 Maccy
m,, Tak, yCpeHeHax CKOPOCTS SMICKTPOH NpH €ro NBICKEHIH BO HEmHeN rore E MoxeT GaITs HafieHa ¢ MOMOMmso Knaccirseckoro ypasHesns Horotora:
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TlomoBHEM ke 0BpaoM BEOTMTCE SPRCKTUBHAT MACCa RBIDKI, HO M-l He GY/eM €50 MHTepeCoRaTsCH, Tak kax 8 JII’ MDHMEHSIOTCE SMEKTPOHHBIE OMyOBOAHMIL. Bemtaisia 3ddexTvmHol Maccsl
e o o ¢ e i

CooTHOmeHIIE MEKAY 3HCpIUCii SMCKTPOHa NPOROMMOCTIE 1 €O MMYTsco p (i BoMHoREM o K = p/; = 21, Tae h - MocTomsan [[nasia) TaKke MOXHO 3aTHCATS B IPHOMIKEHIT

exTiBHof Maccar:
ot

2m,

®2)

Tloacass msbeperapys >to sepaxermie 1o k. moysacn
o
i rd @3
D1y opuyy HCIOMSYEOT A% OTIpeNeTeRIA 7, 110 SaBHCIMocTy T (). KaK NPaBIIIo, TaKax 3aBHCHMOCTS HEMOHOTOHHA. PacCMOTPHN YTIpOMEHHYI0 3asciMocTs 7k, omicssasomyso roseneste

MEKTPOHOE  20He NPOEOAMMOCTH Takoro MaTepiana (pic. 8.1). Ee 0cobeHHOCTSIO ABTACTER HATITIE BYX MUHUMYMOE, HATBIBACMEIX SHepeemirieckiit O, TIomyTIpOROAHIIK, oMHCsEacHEIe
T0706HOf saEuCHIMOCTSIO T7(K), HabIBOT dayxOoTuib L. MITHIMATE A FHEPIIIA MCKTPOHOR, MMCIOMAR MecTo Nipi k=0, COOTECTCTRYCT AHY J0HBI NPOEOMMOCTH; BEPXHAA AOMIHA 2 OTACTEHa O
susaieli | sHepreTirdeckun 3a30pom 47" KoTOPEI SHATHTEEHO MeHbME MUPHHSI 2anpemextioft soss: AT (11 GaAs ATV'=0.36 3B, a AT7=1,42B). Sasucimocts (k) = oxpectsiocT oborx 3
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* MIUHIMYMOE XOpOIIO ANITPOKCHMHPYETCE TIapabonans (IITpHXOEEIe MHmH Ha puc. 8.1), MO3TOMY B COOTESTCTEMI ¢ BOPMYITOF (8.3) SOBEKTHEHEIE MACCHI SMEKTPOHOE, HAXONAIXCA B HIDKHET 1 [E]
Bepefi AOTHHAX, MONTH MTOCTOSHHEI, HO PASTISAI0TCA N0 SHAYEHMEO H3-3a pasiofi mupwret foms. Tak, ans GaAs, wacto Heromssyemoro & mronax Iassa, 7, =0.072 m, m_, = 1.2m. Tlomemiatocts

SMEKIPOHOB 1 = T/, THE T, - CEMHee BpeM MEKIY CTOTKHOBEHIAMI C pemeTkoit. [Tz GaAs w, = 8-10° cw/B-c.u, = 10 c/B- ¢. 310 osmasaer, 410 ApeloBaz CKOPOCTS IETKIX) SIEKTPOHOB

-
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Bt A0MHS1 , =y E 0TI Ha 282 M0p7a 6OTLIE CROPOCTH (TEKETAN0, SMEKTPOHOR BepXHEHt ROMHHE v, » = Iy E.

+0 2 Cc 8
3oma
nposommMocTH
-~
i
s
X

k

Puc. 8.1 InepreTaieckne A0.TuHLI B 0He NPOROAMOCTH NOTYIPOROINKA

TIpit KOMHATHOFE TEMIICPATYPE CPEAHAR SHEPrHA CEOGOAHBIX AMEKTPOHOR MATA I TIOTTH ECE OHI HAXOIATEA B HIDKHCIE AoMHHe. YECTIICHIE TEMIICPATYPB! KPHCTATTA IPHEOTIT K POCTY CpeaHeii
HeprIIH (<pazOrpeBy») SMEKTPOHOE, 1 BCE GoTBMES TGO X MPHOGPCTACT SHEPIHIO, AOCTATOTHYIO UTA TPEORONCHI NIOTCHIMATBHOTO Gaphepa, PasEAOMEro HOMHHEL. B pesyIsTate HiniHas
HOTHHA OMYCTOMAETCA,  BEPXIAK - AMOMHAETCH. DTOT HPOLIECC HATBIBAOT MEHIOTUHHOL NEPEX000M,

Onstaxo pazorpes (1.¢. yEeTIIEHUE SHEPIIH) JEKTPOHHOTO Ta3a MOKHO OCYIECTEHTS He TOTEKO MOEHIIEHHEN TEMIIEPATYPE KHCTAINA, HO 1 C MIOMOIEHO EHEMHETO SMeKTpHeckoro rons E, iamesss
HAMPKEHHOCTS KOTOPOTO MOHO YTIPABIIATS MEXIOMUHHBIM TTEPEXOTIOM TEKTPOHOE. SHateHute E, NPU KOTOPOM HaHIHACTCA HHTEHCUBHBIT MEAJIONUHHBI TIEPEXO]l, HashIBAIOT #OPO2OSHIM U
obosmasaor E, Jlnx GaAs E, » 3.2 Blow

HcceNloB a7 MOKASBIBAROT, STO TOPOTOBOE SHaNeHIE HATPMKEHHOCTH E, | MPH KOTOPOM HaHMHACTCH MEKIOTHHHSI TepeXOl STEKTPOHOB, HOCTHTASTCE JIMII B Y3Koft ofacti o6pasia, tae mmeeTca
HEOTHOPOHOCTS KOHLIEHTPALII MHMECH M (IYKTYALIIA HMEKTPHIECKOro MO,
TIpearonoxam, To Ha HEKOTOPOM HeGONBIIOM YHACTKE C POTAKEHHOCTE0 d KOHIIEHT-DAIA TOHOPHO! MPHMECH HECKOTEKO MEHBIIE, 9eM B OCTAIbHOI JacTi obpasia (puc.8.2 a). VEemrtenue

AMEKTPHIECKOrO CONPOTHEIICHIA NPUECAET K POCTY NaICHHA HANPAKEHIA K yHacTke d Mo CPABHEHIIO C APYTHMI YHACTKaMH TaKofi e AIMHEL 1 K POCTY HaNpakeHHocTy nons £ e (pic. 8.2 6).
Tlycrs HanpaxeHHOCTS Mo Ha yacTke d HeCKONSKO BBl a BHe €10 HECKOTHKO HITKe MOpOroBoft Hanpmkestocy E,. Torna ia yiacTke d HaSHETCH Iepexon MEKTPOHOR 3 HILKHeH AOMIHEL B

BEPXHIOH, COMPOBOKNAKOMMTIC MOHIDKEHIEM IPEfiOBOft CKOPOCTH STEKTPOHOE.

Oxazammuecs & BepxHcii ZOMIHE MCKTPOHB! HATIHAOT OTCTARAT OT HEMEPEMEATIX CKTPOHOE, TaK TT0 & 1CBOH TaCTH YIACTKa HABIIOAACTCA H3GHITOK JMCKTPOHOE (OTPHIIATE b 0bBeMHEI
3apax), 2 B MPaBOfi — HETOCTATOK MCKTPOHOE, T. €. OBACMHBI MOTOAMTETBHEI] 32pA% AOHOPHBIX HOHOE, KOTOpEIFi Tereph HE KOMICHCHPYCTC JaPAZOM 2MeKTpoHOE. Obpasyiomuiica ABoiHoM £
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aTeKTpHTICCKTE Cofi 0BBEMHOr 3apaxa (pc. 8.2 6) HABIBACTCE 2AEKMPUHECKILM D0NEHOM . B LIETOM HoMEH JOMKeH GBITh SMCKTPHICCKS! HEATpaTHM. TaK KaK JMEKTPOHS & 06PASILE ABMTAOTCH, TO
¥ IOMEH riepeMemacTes B Tou ke Hanpasmeru (1a puc. 8.2 § BIPaB0), YXOIA OT YIACTKA C HEOTHOPOTHOCTsH0. Ha pric. 8.2 6 H300PaKeHSI MO0 CHILR TOMEHA B MOMEHTS BPEMEHM 1, 11 7,

ObpazoBanyte RoMEHA 0HATACT YECMIICHIIC HATPHKCHHOCTH ONA B HeM (prc. 8.2 2) 1 PAsHOCTH MOTCHLMATOR Ha yHaCTIe, 3aHMMacom Aomenon (puc. 8.2 3). TTpn nocTosHHOM BHemHeN
sanpwxesm U, 1a 0Gpasiie 3TO NOMKHO IPUEOMITS K YMEHSIEHMIO ATIEHR HAHKEHIE Ha OCTATSHOM 1aCTH ofpasiia 1t HAPHKEHHOCTI 110713 Bie Howera. Tlone Ha ysacTke HeomHopomHOCTI
CTaHOBHTCH SHATUTESHO MEHBIIE FIOPOFOROFO, 0 NPEMATCTRYET BOIHIKHOBCHII0 HOEOFO AOMEHa. 3aTeh 2CKTPOHEL U3 AOMEHA YXOIAT EO BHEIIHIOIO LICH, AOMCH HATHHACT HCIE3Ts
(PACCACHBATE CA), HANPAXCHHOCTS FONA & HEM M3-33 YMCHBIICHUA TICTA MMEKTPOHOR NIAZACT, @ HATPKCHHOCTS TIOMA B OCTATHO/ acTy obpasiia Bospactac. TloaTomy & Mpotiecce HCHeIHOBEHIE
HOMEHA JMEKTPOHBI B 0GPa3IIC YECMITMEAOT APCTIGOBYEO CKOPOCT. B MOMEHT HCTCIHOBEHIE JOMEHE TOIE B 0BPASLLe BOCCTAHOBUTCA 1 Ha YHACTKE HEOTHOPOIHOCTS NPEBBICHT MOpOrOBOE JHATCHIIE
Tocre 3Toro HaTHETCR OGPaIORaIE HOROTO AOMCHA 1 T. X

‘Tasant 06pazon, & 06PasILe ARIDKETCA TOTEKD OTHH AOMEH, MECTO BOSHHKHOBEHIA KOTOPOTO OpEAETICTCA HEOTHOPOIHOCTSIO.

Halizem noTHOCTS ApefioBoro ToKa, MPOTEKAOMEr epes ABYXACTHHHEI MOMYTIPOROTHIK n-THria. YIHTSIEA, 1TO TOK 06PasyeTCA KK WITKIMI, TAK  (TOKETBINID) AMCKTPOHANHL, MOKEN
f—

JE) = qm (B) B+ g (Ba B @4

3necs 12,(E) vt 7(E) - KOHUEHTPALIHM 3MCKTPOHOE B HILKGIeft M BPYHefi AOTHHAX, 3aBHCATINE OT HANDIKEHHOCTH BHemHero ons E. OTMETHM, *T0 MOMHas KOHIEHTpaIs 3neKTporos 7,=71,(E) +

7,(E) sie saswcu ot E, 1K Kak O OTIPETIETAETCR TOTSKO KOHIIEHTPAIHEH IOHOPOS.
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Puc. 8.2. Tpaduxu 06pazoRanus n ABMKEHES IOMEHOR B NOTYIPOROTHMKE
Tlepermumens (8.4), yMHORE 1 pasenus mpazyio %acTs Ha
J(E) =gl (B E 8.5
e
Wz (B) + i (B)
HlB 1 1
2 ) 6 3
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Puc. 8.2. Tpadhmxn 06pazonanns: u ABMAEHNs 10MEHOR B HOAYIPOBOAHEKE
Tepernmment (8 4), w3015 1 payzemts TIpasyso 9acTs a 7,0
J(E) =gl (B E 8.5
e
Wz (B) + i (E)
Hop(B) =
S ®6)
-yCpemHesHas Mo AEyM AOMMHAM (T1O IETKIM) 1 «THKETSIM) MEKTPOHAM) MOTBILKHOCTS. VHTEEaS T, BMecTo (8.5) MO0 samucaTs
J(E)=gmy (B ; @7
N,y (E) = m(EJE -yepeanersias io sy Romisian Apefionas ckopocts.
Tasanns 06pazom, noe-ciopoCmHaZ XapaxmepucIiia v, (E) FOTHOCTSE0 OMpEAeACT JamiciMocTs f(E). Paccmorpint ce, cutas m >>m,. Ha pic. 8.3  Hoxasas mpepHsiit 213 samucimocteit
7,(E) w n,(E). B craberx nonsx (npu E < E,) MOWTH Bce NeKTpOHa! HAXOIATCA & Hiiiel] HEPTOTIECKolt QTN T.0. 71,3 7y, n» 0 s cooTaercramt ¢ (8.6) m,, >> m. Tlpn E>E, = pesymrate
(pa3OTPEBay SIEKTPOHOB TIOEM HASNHACTCE WHTEHCHBHBI MEXIOTHHHBIIT TIEPEXON, BCIeNCTBHe Hero 5 manasore E, < E < E, 1, ymensmaetca, a, pacter
&
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Tasann ofpason, noae-cxopocma xapaxmepucmika v, (E) nomocTsio onpeaenser sasucitocts j(E). Pacemorpmt ee, cuutas m >>nt,. Ha puc. 8.3 @ moxasast npumepstsi sity sasucimtocelt

E 1,(E) 1t m,(E). B cnaux nonax (nput £ < E,) MOWTH BCe MCXTPOHL HAXOTATCA B HIKHel! SHEPTeTINecKolt AOMIHe, T.. 1 1y 1, 0113 coomsercTaimt ¢ (8.6) m,, >> m . Tlpu E>E, 3 pesymyrare
(paT0TpEBa) AMEKTPOHOR TIOMIEM KATUHACTCH MHTEHCHEHEI MEAIOMIHHBIE TIEPEXO, BCTeACTEHe ero 5 muanasore E, < E < E, 7, yMCHBIACTCA, 11, PacTer.
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Puc. 8.3, 32BHCIMOCTS KONNEHTPAINI >1EKTPOROB B BepxHei 1 NIl 101MHX (2)IOBIKHOCT H1EKTPOROB (5) I CKOPOCT 1, (8) OT RampzemmOCTH
Tiput £ » E, nepexon sasepmactes; mpit E> E HILKAA Z0TIsa MPAKTINECAr ONYCTOMersa, A BepAz Samonsesa, T¢. 1, » 0, 1, » 1y, m, » m. CooTmercrayiomte cxasassony sapucumtoctu n, (E) 1t
715y(E) =, (E)E moxasasst a puc. 8.3 6, ¢. Baxatolt ocobesocTsio xapaxrepicriniar ., (F) A31a¢Tes Mazaiomnli ACTOK ¢ OTPHNATESHOI Tt pepestuntam Hofi MpOBOTMMOCTSIO, HaMHazOmIiicR
npu sanpaersocTy ons E,, KoTopas Gk Hasana Moporosoit. E
0 e o
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