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f K PACYETY OTPA)KEHHUS 3JEKTPOMATHUTHBIX BOJIH
MHOTOCJIOMHbIMHU JHUAJEKTPUYECKUMH CTPYKTYPAMH

B nanHOM cooOLIeHHH NPHBEAEHbl CTporue GopMyJbl, yIOOHBIE
JJISl MHXKEHEPHBIX PacyeTOB OTPaXKalOIIHX H YacTOTHO-H3OHpaTeJb-
HBIX CBONMCTB KOHEYHOH IO JJIHHE INEePHOAHYECKOH AH3JEeKTPHYECKOH

CTPYKTYPBl B IHJIHHIPHYECKOM

o gb BOJIHOBOJ€ HPOHU3BOJBHOrO TO-
s IIEPEYHOr0 CeyeHus (pHCYHOK).

30 N 28k IToHOe 3amosiHeHHE MOMepeYHo-
/ \ J TO CeueHHs BOJIHOBOAA MPHBO-

C 20N ; AUT K TOMY, YTO B TAKOH CTPYK-
-\] \ \\/ Type HeT YCJOBHH Ajsi mpeobpa-

70 30BaHHH THNOB BOJIH, T. €. pa-
CYeT MOKHO IIPOBECTH OJs OJ-

0 =35"3 10 44 4 527iwmu  HOMOLOBOTO pPexHMa.
[TocnienoBaTeNbHO pelas 31eK-

TPOJHHAMHYECKYIO 3a7auyy OTpa-
JKEHHSI M NPOXOXKJAEHHS 3JIeKTPOMArHUTHOH BOJHBI IJISi OQHOCJON-
HOH, ABYXCJOWHON M T. . AH3JEKTPHYECKHX CTPYKTYpP, METOLOM Ma-
TEMATHYECKOH HHAYKUHH OBLIH TOJyYeHbl BLIPAXKEHHS A KO3(-
(GHUUHEHTOB OTPaJKeHHsI H INPOXOXKAEHHs, AHAJOTHUHBIE MPHBEICH-
HbIM B pa6ore [1] a5l TaKHX CTPYKTYp B ONTHYECKOM AHAMA30HE.
Buigenss Mogynp u a3y M yuuTHBas PeKypPeHTHOE COOTHO-
meHHe Aas noanHoMa Yebwimesa 2-ro poma U? (x) — 2xUa(x) X

XUn—l(x) i U;‘:_l x) =1,
110CcJIe HECJNOXKHBIX Npeo6pa3oBaHHH INOJNYYHJIH BbIPAXKEHHS s
K03(()HIHEHTOB OTPaXKeHHs ‘U NPOXOXKAEHHS B BHJE
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x=0
— noanHoM YeOwlieBa 2-ro poja; n — YHCIO JHIJIEKTPHUECKHX
CJIOEB;
A5y | (0 '
x =cos 7/, cosTl, — 7l oy - & sinyl,-sinT'l,. (3)

M3 (3) HeTPyAHO yBHJAETHb, UTO X COBIAJAeT C NMPaBOil YacCThbIO JHC-
MEPCHOHHOTO YPaBHEHHSI AUIJIEKTPUUECKOH NMEPHOAUYECKOH CTPYKTY-
pel [2] u npH mocraTtouHo Goabmiux n x=cosh(l+1l), rae h — mo-
CTOSIHHAsl PaclpoCTPaHEeHHsI MEePHOJHYECKOH CTPYKTYpHL.

Ha pucynke B KauecTBe IpuMepa NpHBEJeHA YaCTOTHAS Xapak-

TEPHCTHKA 3aTyXaHHUsI a=20lg 7] JUIST IEPHOJHYECKOH JHIIEKTPH-

YECKOH CTPYKTYPBI, COCTOSIIlEH H3 dYeThipeX 3JE€MEHTOB B IPSAMO-
yroJibHOM BoJiHOBozAe (a=28,5 mm; [;=19,3 mMMm; [,=8,4 MM; £¢=9,2;
tgd=1.10—*). Pe3ysnbraTel 3KCIEepUMEHTa JOCTAaTOYHO XOPOLIO CO-
raacyiorcst ¢ pacuerom. Ha yacTOTHOH XapakTepHCTHKe 3aTyXaHHs
MOJKHO BBHIIGJINTh JIBE .XapaKTepHbIe MOJIOCH nponyckanusi. OfHa H3
HUX (/) cBsi3aHa C MNOJIYBOJHOBOCTBIO JH3JEKTPHUECKHX BKJIAJbl-
e, Bropas (2) — c NOJyBOJHOBOCTHIO BO3AYIIHBIX NPOMEXKYTKOB,

M3 (1) BugHO, YTO MaKCHMaJbHOE OTPajKeHHE OT paccMaTpHBae-
MO# CTPyKTypbl Oyaer, koraa |Un—i(¥)| MakcuMa/bHO, OTKyZAa cile-
ZAYeT ycJ0BHE MaKCHMAaJbHOI'O OTPaxKeHHs :

tg Tly/T = — tgrly/v,

UTO COBNAJAeT C YCJOBHEM IIOJTHOTO OTPaXKEHHs IJIsi NMOJyOecKOHed-
HOH NepuHoAMYecKOH NUIJEKTPUUCCKOH CTPYKTYpHl [2]. 3amernwm, uTo
YKe NpH YeThpeX 3JIeMEeHTaX B CTPYKTYpe KO3 PHIHEHT OTpaxkKeHHs
NPaKTHYCCKH HE OTJIMYAETCs OT €JHHHI[BL.

Buipaxenus (1), (2) mias k03p(HUIHEHTOB NPOXOKIEHHS H OT-
Paxkenusr AMIJIEKTPUUECKOH CTPYKTYPBI, COCTOSIIIEHl M3 KOHEYHOrO
UHCIa 3/eMeHTOB, YAOOHBI IJIsl NPOBEJEHHS 4YHCJEHHBIX pacyeToB
Ha 9BM npu s106biX mapaMeTpax CTPYKTYpHI, a TaK¥kKe MO3BOJISIOT,
B clyyae HeoGXOZMMOCTH, BCE ONEPALMH BHIYHCJEHHS JOBOJBHO
[POCTO BHINOJIHSATH BPYYHYIO. !

B 3akaouenne caemyer OTMeTHTb, 4TO NpHBEICHHbE Pe3yJbTa-
TEL MOryT GBITH HCMOJIBL3OBAaHb AJIS PACUeTa MHOTOCJOMHBIX AHIJIEK~
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TPHYECKHX CTPYKTYp M YCTPOHCTB HAa MX OCHOBE KaK B BOJHOBOJAX,
T4aK H B CBOOOZHOM IPOCTPAHCTBE.

Cnucok auteparypei: 1. Bopw M., Boasgp 3. OcnoBel ontuku. M., Hayka, 1973.
719 c. 2. lusaekTpuuecKue CAOUCTble NOKPOITUS C GOAbULUM KOIPPUYUCHTOM OT- !
pascernus [ A. A. Bopo6res, JI. H. Beamarepunix, A. H. duaesko m ap. — HsB.
By30B. Panuodusuka, 1964, 1. 7, Ne 2, c. 338—342. :

YK 621.372.8.049.75—416

. C. TEHHUCO B, xauzn. ¢us.-mar. Hayk,
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K PACYETY BOJIHOBOIO CONPOTHUBJIEHUSI OBPALLEHHOW
NOJIOCKOBO¥ JIMHUH

IIpy KOHCTPYHPOBAHHH PA3JIHYHBIX 3JIEMEHTOB Ha MOJOCKOBBIX
JIHHHSIX BHHMaHHE CNelHaJHCTOB NPHBJIEKaeT o6palleHHas M0J0CKO-
Basi quHus (puc. 1). IlpenmymecrBa Takoil JIHHHH IO CPaBHEHHIO

S Th o
:’2';?.?.0. RRXI[3

wr
7 2  Febuir w/d

Puc. 1. TeopernueckHe (—) M  3KCIEPHMEHTalb-
Hple (+ —aaa S=1,0 MM) rpadHKH BOJHOBOrO CO-
NPOTHBJEHHS O6GpalleHHOH MOJIOCKOBOH JIHHHH (8=

,8):
1 — §=1,0 Mm; 2 —S=1,5 MmM; 3—8=2,0 mwm.

C APYTHMH THIIAMH TOJIOCKOBHIX JIHHHH OOGYCJOBJIEHH €€ KOHCTPYK-
THBHBIMH OCOGEHHOCTSIMH, 6j1arofapsi KOTOPbIM B AH3JIEKTPHKE pac-
IPOCTPaHseTCs TOJbKO HeOGOJMbIIAsi YacTh 3JEKTPOMArHHTHOrO TOJIA.
B pesysnbraTe ymMeHbIIAIOTCS NMOTEPH B AHIJIEKTPHKE H IOTEPH HA H3-
ayyenne. HauGosee nepcnekTHBHBI ~ OOpallleHHblE  [OJOCKOBBIE
JIMHHH B YCTPOHCTBAX, IJie¢ MeXJy TOKOHECYIeH IOJIOCKOH H 3Kpa-
HOM MOMEIIAIOTCsI KAKHEe<THOO 3JIEMEeHTHL. ‘ *
Jlasi pacyeTa BOJIHOBOTO CONPOTHBJIEHHsI 00p allleHHO# N0JI0CKOBOIT
JIMHHH BOCIOJIb3yeMCsi u3BecTHOH ¢opmyoii [1]

Zo=1/ [v0(CoC) /3, (1)
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| rje Vo U Cy — COOTBETCTBEHHO CKOPOCTb PACHpPOCTPAHEHHS 3JEKTPO-
MATHHTHOH BOJIHBI B CBOGOJHOM NPOCTPAHCTBE H IOTOHHAsi €MKOCTh
BO3YIIHOM JHHHH; C — NOrOHHAsl €MKOCTb JIHHHH C JAH3JIEKTPHKOM.
Jlasi ONpejesennst BOJHOBOIO CONPOTHBJCHHS JOCTATOYHO HaWTH
[OTOHHYIO €MKOCTb JIHHHH. Pacuer mNpousBOAMM Ajisi GECKOHEYHO
TOHKO# NpOBoAsiuIell n0J0cKH B npubanxkennn TEM-Boansl. Mcenoas-
syeM ypaBHenue Ilyaccona

: MU (x, ) = 50 (%, 9) @
rae p (%, y) — NJIOTHOCTb 3apSJOB; & — OTHOCHTEJIbHAS AHIIEKTPH-
yecKasi TPOHHIIAEMOCTb BeleCTBA; &y — IPOHHIAEMOCTb BaKyyMa.
[1710THOCTb 3apsiIOB Ha IOJIOCKE Ompejensiercss CJAeAylOLluM Bbipa-

JKEHHEM: ;
p (%, y) =08(y—b)[(x), (3)

rae 8(y—b) — peavra-¢ynkuus upaka; f(x) — dynkuus pacnpe-
JieIeHHs 3apS0B Ha mosiocke. B TakoM Buae ypaBHeHHe (2) peluTh
ouenb TpyAHo. IToatomy BocmosabsyeMcs mpeoGpasoBanueM Pypebe:

ﬁm=§rmwwm 4)

Ilpu 3TOM ypaBHeHHe (2) mpHMeT BHA:

v N
(d_y,_ )u(p,y)-o, (y + b, a), (5)

rae D(p, y) = ( U (x, y) e+ dx.

O6mum pemenuem auddepenunasbHoro ypasnenns (5) B 6rpa1m-
YeHHOH o6sacTh siBAsieTcsl JHHeliHas ~— KomGunauus exp(|B|y)
H exp(—[ply)

D(ﬂ, y) = Creltly 4 Crelfy, | (6)

rie n — Homep o6Gaactu. [l HaXOXKAEHHS NOTEHIHAJ a Ha IOJOCKe
BOCIOJIb3yeMCsi METOAOM YaCTHUHBIX obJjiacreil.

Pagobrem o6paluennyio JuHuio (puc. 1) Ha Tpu obaacru. Ipa-
HHYHBIE YCJIOBHSI HMEIOT CJeAyIOIIHH BHJ: ;

 &@®=¢aww=@mmﬁ%%mm=%ﬁ&m—%4m;

aa(B.a)=l~J,(B. a);e%(ﬁ, a)=%]y—’(ﬁ. a); ijaly--n =9, )
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MaBectHo [2], 4To mpu cHMMeTPHYHOM CTPYKTYpe JAunuH f(x) H f(p)
Takxe Oy1yT CHMMETPHUHBIMH.

[ToncraBasis B rpannunbie ycnoBusi (7) oGuiee peurenue (6)
NoJlydaeM CHCTEMY JIHHEHHBIX HEOJAHOPOAHBIX YPAaBHEHHi /s Ompe-
AesieHHst KO3(QOUUHEHTOB (GYHKUMH mNoTeHnHasa. Toraa peureHme
ypaBHeHus Ilyaccona (5) ass moTeHmHasa Ha MOJOCKE NPHMET BHJ

~ b f(B) (1 +=cth[S)
V. b)= < TBTTcthlplB T ¢ cth B[S + ¢ (e + b ]S cih Blb)]

IToronnas eMKOCTb, BEIpajKeHHAs Yepe3 MOTEHIHANd H DYHKIHIO pac-
npejeieHus IJIOTHOCTH 3apsi/ioB, NpeAcTaBJsieTcs Tak [2]:

(8)

e
g %if(x) Uk b)dx, ©)

rie Q= [ f(x)dx — 3apsnx, COCPeNOTOUEHHBIN Ha noaocke. Mc-

nonb3ysi ¢opmyay IlapceBans [2], mosyyaeM NOrOHHYI0O €MKOCTb,
BBIPA)KEHHYIO B B-KOOpJHHATAX:

1 1 el
=gy | @00y as (10)

[Mockoneky f(x), [(B) cuMMeTpuuHB, ciaexyer 6paTh YABOGHHOE
3Hauenue unrerpasna (10) B mpemenax or 0 mo oo:

&= | [®U .08, () -

0
Jlisi pacuera NOrOHHOW €MKOCTH BO3AYIIHOH JIHHHH JOCTATOYHO

B KoHeyHOH (opmyae S—0. Torxza ¢opmynaa (11) 3sHauuTeabHO
VIIpOllaeTcs:

G o ( {7 @) a3
Co 7Q%, . B (14 cthpb)

Jlasi pacueta BOJHOBOIO CONPOTHBJIEHHSI OOPaLIEHHOH MOJOCKOBOI
JIHHHH, HA OCHOBaHWH Paborsl [3], mpumeM pacmpejeseHHe IJIOTHO-
CTU 3apsiiOB B BHJIE

f(x) = (1—(%;)2)_”2, (— ‘-’g—<xs%). (13)

C mesnbio ynpolleHHsI MaTeMaTHYECKHX BBIKJIAJI0K Bbipaxkenue (13)
MOKHO Pa3JIOKHTb B OECKOHEUHBIl CTENEHHOH pS H OrpaHHYHTHCS

; |

(12)




mepBBIMH WIEHAMH psila B BHAY ero Xxopoueii cxoxumoctd. IIpn
9TOM pachpejcJeHne IVIOTHOCTH 3apsi/loB MOXKHO 3amlucaTh TaK:

flx)=1+ (fv—x). (14)

[ToacraBassi Beipaxkenue (14) B (11) m (12), MOXHO OmpeJeTHTH
eMKOCTb, a CJIeJ0BaTeJbHO, H BOJHOBOE COINPOTHBJIEHHE I0JOCKOBOi

T ST NG T K]

Puc. 2. 3aBucumocts KCBH or uacroTel aJs maphl me-
PEXO/0B OT KOAaKCHaJbHOW JHHHH Ha 0OOpalleHHYI IO-
JIOCKOBYIO JIHHHIO.

auHud. BosnHoBoe comporuBienue nmo ¢opmynaam (11) u (12) pac-
cunutaHo Ha OBM pans guasnexktpuka ¢ €=9,8.

JLs1 MpOBEpPKH NpPaBHJIBHOCTH IIOJNYYEHHbIX TEOPETHYECKHX pe-
3yJIbTATOB 3KCIEPHUMEHTAJNBHO HCC/IEJ0BAHO BOJHOBOE CONPOTHBIIE-
HHe OOpalleHHO# IMOJIOCKOBO# JuHHH MeTogoM (-merpa. Teoperu-
UeCKHEe SKCIepHMeHTaJbHble rpaduku npuBefeHbl Ha puc. 1. Ilo
pe3yJibTaTaM HCCJEJOBAHUSI CKOHCTPYHPOBAHBI MEePeX0Abl OT KOAKCH-
aabHOH JuHUM ceueHHeM 3,5X 1,0 MM Ha oOpallleHHYIO MOJOCKOBYIO
JHHHIO ¢ Au3jekTpukoM £€=9,8, d=0,5 MM, S=1 MM U TOKOHecy-
mum npoBogHukoM W=1,56 mM. 3aBucumocts KCBH or wacrorsl
IJIs Iapsl epexo/i0B IpUBeJeHa Ha pHC. 2.

Cnucok auteparypei: 1. ITonockoBbie JauHHE u yctpoiicrBa CBY. M., Beicun
ukosa, 1974. 262 c. 2. Yamachita E. Variational method for the analysis of
microstrip-like transmission lines. —IEEE Trans. on Microwave Theory a.
Techniques, 1968, vol. MTT-16, Ne9, p. 529—535. 3. Hallen E. Electromagnetic
theory., Lnd., Chapman Hall, 1962. 64 p.
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BEJMJELUKWW H. U, xanx. ¢us.-mar. Hayk,
IIPOXOPOB 3. 1., A-p. ¢us.-mar. HayK

HOBASI BBICOKOYACTOTHAS MOJA KOJIEBAHUM B MPUBOPAX
C ME)XKXJIOJIMHHBIM MEPEHOCOM 3JIEKTPOHOB

TIpuGopbl ¢ MeKIOJHHHBIM MEPEHOCOM 3JeKTPOHOB HMEIOT dac-
TOTHBIE npexgen 150—180 I'Tn (mocneanss undpa npu JAeACTBHH
Ha nuonp curmasna u3 2-X rapMOHHMK). DTO MOKA3aHO B LEJOM pPsilie
PaGor nns GaAs u nmomynpoBognnkoB  AsBs [cm. 1] ®usnuecku
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OTpaHHYEHHE YacCTOTHOrO JHMana3oHa CBepXy OOYEJOBJIEHO KOHeY-
HOCTBIO BpEMEH peJldKCalldd  3JEKTPOHOB — BHYTPHAOJHHHBIX
H MeXAONHHHBIX. [l o0pa3uma NoJyNpoBOAHHKA € MEXKAOJHHHBIM
nepeHocoM 3J1eKTpoHOB (GaAs u Jp.), HE OrPaHHYEHHOIO KaKHM-
J60 YCJIOBHEM TO JJIHHE, 5TH BPEMEHa SIBJSIOTCS ONPENe/SIONHM
B YCTAaHOBJICHHH BEDPXHEro 4YacTOTHOro npejena. Eciu cpaBHHTH
YKa3aHHble BpeMeHa, HauGOJbLIINM H3 HHX OKaXKEeTCsi BHYTPHAOJIHH-
HOe BpeMsl peJlaKcallid 3JIeKTPOHOB IO 3Heprud B I'-posiuHe, A
GaAs 3to BpeMss B ~2 pasa Gosiblle 06pPaTHOTO MeXIOJHHHOIO
BpeMEHH peJlaKCalli¥ 3JIEKTPOHOB IO KOHUEHTPALUHH  Txr, TIr.
Hmenno 310 BpeMsi pesakcallii M OmpefessieT BEPXHIOK YacTOTY
reHepanud npubOPOB ¢ MEKJAOJHHHBIM IE€PEHOCOM 3JEKTPOHOB.

Huxe Mbl IOKa3biBaeM, 4TO NIPH ONPENENEHHBIX YCAOBHAX B NPH-
60pax ¢ MeXJOJHHHBIM NIEPEHOCOM 3JIEKTPOHOB MOXKET CyLIECTBO-
BaTh 0oJiee BBICOKOYACTOTHAs MOJAa, IO CpPaBHEHHIO ¢ HauboJjee
BBICOKOYACTOTHOH M3 H3BECTHBIX MOJ — DPEXHMOM C OrpaHHYEeHHEM
HakomjieHuss o6bemHoro 3apsna (OHO3 uan LSA). CoorBercTBeH-
HO M YaCTOTHl FeHepaluH NPHOOPOB NPH 3THX YCJIOBHSX MOLYT ObIThb -
3HAYHUTEJbHO yBEJIHYEHHI.

PaccMoTpuM MeKJIOMHHHBIH NEPEHOC 3JeKTPOHOB B NMpPHOOpE Ko-
HEYHOH JJVIMHBI C YYeTOM BJIUSIHHSI HA NPOLECCH B 00beMe KaTOJHO-
ro xonrakra. IlocieqHuil BJausieT HAa NPOLECCH B AHOJE C MEKIO-
JIHHHBIM IIEDEHOCOM 3JIEKTPOHOB B CJlyyae, €CJAH OH MOJYJHPYET
IJIOTHOCTh KOHLEHTPAIlUH 3JEKTPOHOB B NPOJIETHOH 06JacTH AMOAA
HJIH CO3JA€T <«ropsiuHe» 3JIEKTPOHBI' Yy KOHTAKTa Ha PAacCTOSTHUH
B HECKOJIbKO AJIHH cBOOGOAHOTO mpoGera 3JjieKTpoHoB. Hac mHTepecy.
€T BTOPOH cJyda¥i (Korja KOHTAaKT BBOAUT B NPOJIETHYIO 06JacTh
HOCHTEJIH C 3SHeprued, NpeBOCXOAsINEH SHEPTHH 3JEKTPOHOB 71-06-
JIacTH). |

Ilpn HanuuuMu onpejeIeHHOrO KaTOAHOTO KOHTAKTa BpeMsi, He-
o6xoauMoe I HarpeBa 3JIEKTPOHOB B I'-I0JIHHE, BO3MOXKHO CBECTH
NPaKTHYECKH JO HYJs — HMEHHO 3TO MOXKET YBEJHYHTb YaCTOTHBIN
JlnanasoH paboThl NPHOOPOB C MEXKJOJHUHHBIM IIEPEHOCOM 3JIEKTPO-
HOB. JlefictBuTe/bHO, B NpubOpe C KAaTOAHBIM KOHTAaKTOM, CIOCO0-
HBIM TIOCTaBJISITh B 71-06J1aCTh 3JIEKTPOHBI, HE HYXKAAIOUlHecss B JO-
NIOJIHUTEJIbHOM Habope SHEPTHH H CIOCOOHBIE Cpa3y Ke pacceHBaThb-
cs1 B 60KOBBIE JOJNHHBI X, L, BJAUSIHHE BHYTPHJIOJNHHHBIX BPEMEH pe-
JIAKCAIlUH 3JIEKTPOHOB IO SHEPrHH M HMIYJbCYy B I'-I0JHHE CKa3bl-
BaeTcsl 3HAYUTeJbHO MeHbme. HauboablIHMH ocraloTcsi oGpaTHbIE
BpeMeHa peJlaKCaluH MAJs MEXKJOJHHHBIX INEepPEeXOAOB 3JIEKTPOHOB,
KOTOpHIE M OIpeJesIsAT BEPXHHH yacTOTHBIH mpenes. CBeleHHE K MH-
HUMYMY BpPeMeHH, He0OXOJHUMOro Jist Habopa SHEPTHH 3JEeKTPOHAMHU
JAas nepexona B X, L JONHHBI, HHIKEKIHEH yepe3 KOHTAKT OIpeje-
JISIET HOBYI0, GoJjiee BBICOKOYACTOTHYIO MOAY KoJieOaHHil npubOpoB
C MEXAOJHHHBIM ITI€PEHOCOM 3JIEKTPOHOB. PaccMOTpHUM HEKOTOpHIE
KauecTBEHHble TPeOOBaHHS, HEOOXOAMMble MIJsI peajn3anud  HA
IPaKTHKE TAKOH MOJBI.
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1. Tpe6oBaHusi K KOHTAKTY METaJJ-NOJyNnpoBOAHHK. Pafora BbI-«
x0/id SNEKTPOHOB Qm>>Pn/n. Ha rpanune merani—nosynpoBOJHHK
06pa3yeTcsi 3aMOPHBIH CJIOK C HECKOJbKO MOHMXKEHHOH Yy TpaHHIbl
KOHLEHTpauneld 3/eKTPOoHOB. IIpu CHIBHOM 3JIEKTPHYECKOM TOJe
g 00J14CTH TIOJYNPOBOJAHHKA HA TPaHHIE MeTaJJ—MOJylpPOBOAHHK
o6pasyercst BbICOKHEA (6oJsibllle, YeM B DPaBHOBECHOM COCTOSIHHH)
@ Y3KHMH TNOTEHUHaJbHBIH 6Gapbep, KOTOPHIH BBICOKO3HEPTeTHUHbIS
9JeKTPOHBl B MeTaJjie MOTYT INIPeoJoJIeTb TYHHeJbHBIM 06pasoM.
Jlasi 9TOTO TOJIUIHHA CJIOSl JOJKHA COCTABJATH NPH OCIIEM Hampsi-
JKeHHH Ha CTPYKType, paBHOM moporosomy, 100—200A. Beposr-
HOCTb IIPOXOKJEHHsI Yyepe3 Takoil Oapbep oNpefessieTcss KOHIEHTpa-
queill 2JIEKTPOHOB B MeTaJljle, YHCJIOM CBOOOJHBIX MECT B IOJYIPO-
poAHHKe (IpH paGoyeM BKJIOYEHHH «MHHYC Ha KaTOAE» HX BCeraa
MHOTO) M K03(p(dHUIHEeHTOM Npo3payHOCTH Gapbepa

3
D =~ exp ——"‘lz-£1/2m(z—0'(7) -dx.

B ycaoBusix yskoro 6apbepa IOTOK 3JEKTPOHOB GyHeT JOCTaTOYeH,
4yT06bl COOTBETCTBOBATh HEOOXOAMMOH IJIOTHOCTH TOKa Yepe3 I0Jy-
TPOBOAHHUKH. g

2. TpeGoBaHUs K JJHHE AKTHBHOH oOsactH. ITox AJHHON aKTHB-
HOH oOJsiacTH MOHHMAaeTcs:i obsacTh BOJH3H KOHTAKTa, B KOTOPOi
CYIIECTBYIOT «TOpsSYHe» 3JIEKTPOHBI, NOCTYMaloUlde yepe3 KOHTAKT
MEeTaJJI—IOJYIPOBOJHUK IPH IPHJIOKEHHH HANPSKEHUS K CTPYKTY-
pe. InuHa akTHBHOH 06J1aCTH JHOJAA MOXKET COCTaBJAATh 2—3 JJIMHBI
¢BO6OAHOrO mpobera 3JEeKTPOHOB (HA TAKOM DPACCTOSIHHH 3JEKTPO-
HBl ellle MOJIHOCTbIO HE OCTHIBAIOT), NMOCKOJIbKY BaxKHO, uTOOH 00-
Jactb nmosnynpoBogHuka ¢ OJII o6pasoBasach BOJH3H KOHTAKTa,
4 He 10 BCeMy NOJYNpPOBOAHHUKY. [IpH HHKEKIHH ropsyuX 3JeKTPO-
HOB yepe3 KOHTAKT HauboJsiee OBICTPO OHH NEPEHAYT BO 2-10 NOJIHHY
UMEeHHO BOJIM3M KOHTAaKTa — 3TO IpHBEJAET K oblieMy OHICTpOMY
NIePEKII0YCHHIO AHOA.

3. BricokoyacToTHasi Mojga KoseGaumi. IlycTe [gHOm TIOMeEIIeH
B pesonarop. Torga Ha auoje AEHCTBYeT NepeMeHHAasi COCTaBJISIO-
lasi ganpsiKEHHOCTH 3JIEKTPHUYECKOrO IOJisSi C YacTOTOH pe3oHaTo-
Pa f. Tlpu yBesHueHHH HANpPSKEHHOCTH 3JEKTPHYECKOTO I0Js yBe-

~JIHYHBAETCST MOTOK M SHEPrHsl 3JEKTPOHOB, TYHHEJHPYIOIIHX H3 Me-

Talna B nosynpoBOAHMK. DHEPIHsl 3JIEKTPOHOB TAKOBA, YTO OHH
Ges ponommmTenbHOro HaGopa SHEPrHH NONALAIOT B BEpXHHE JOJH-
Hbl — 115t aToro um TpebyeTcssi HEMHOrO MEHbLIE BPEMEHH, YeM T

(BryTpunOMHEHOE BpeMsl peslaKCalliy IO 3HEPrHH). DTO H AOJXKHO
B uTore mpupoguTh K yBeNHUEHHIO WACTOTHOTO Npegena paGoThI.

MEHblIeHHe HANpsKEHHs Ha AHOAE (B OCHOBHOM IIPH HaNpsiKeH-
H0eTsix syiekTpHYECKOro MO HHKE MOPOrOBHIX) MPHBOHT K 06PaT-
HOMy nepenocy 3/1eKTPOHOB — H3 BEpXHHX JOJHH B HHIKHHE C TO-
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CTOSIHHOHl BpeMeHH txr M trr. PaccmarpuBaemas Moaa GoJee Bhi.
COKOYaCTOTHA 1o cpaBHEeHHIO ¢ LSA — oueHka BepxHEro yacToTHo.
ro npejesia ¢ yuyeToM TOJNBKO BpeMeH txr H Trr  (MeXKIOMHHHBIX)
nokasbiBaeT [2], yTo BepXHHH YACTOTHBIH Npefes HOJKEH COCTaR.
asath 300 I'Tu— 350 I'T'u. 3a HeHMeHHEM APYTHX PacyeTOB MOXKHg
COXPaHUTb YKAa3aHHYIO OLEHKY MAJIsi pacCMaTPHUBAeMOH MOIBI KOJe.
G6anuit (150—300 I'T'w).

Takum o6pasoM, mnocTaBka BBICOKOSHEPTETHUHBIX 3JeKTPOHOR
KaTOAHBIM KOHTAKTOM B 00beM n-06/1aCTH yMEHbIIAeT BpeMsi peJlak.
CallHH FOPSAYHX JEKTPOHOB M yBeJHYHBAET YACTOTHBI mpeaesa pabo-
Thl MPHGOPOB C MEXK/JOJHHHBIM IIePEHOCOM 3JeKTPOHOB. CHsiTHe,
Ka3aJochb Obl, HEMPEOJOJHMOr0 NMPHCYLUIEro KPHCTAJAY (H3HIECKOrg
OTPAHHYEHHSI MO0 BPEMEHH peJaKcallid BBEAEHHEM CIelHaJbHOrg
KaTOJHOTO KOHTAKTa MO3BOJIIET CYIIECTBEHHO YBEJHYHTh MaKCH-
MaJIbHYI0 YacTOTy reHepaluH NPHOOPOB C MEXKAOJHHHBIM II€PEHO-
COM 3JIEKTPOHOB.

Cnucoxk aureparypui 1. ITpoxopos 3. J[]. TlepcneKTHBHEIE <COGIHHEHHS H3 3J¢-
mentoB IIT u V rpynn pas muonoB Iamna. YactoTHble cBoiicTBa. — PaJHOTEXHH-
Ka H 3JeKTpoHHKa, 1978, T. 23, Buim. 4, c. 811—817. 2. [Tpoxopos 3. /I., Berey-
kud H. H., Jaduenko A. B. O BO3MOXKHOCTH yBE/IHUEHHS BHICOKOUACTOTHOTO IIpe-
Jiena paGoTel nuoaoB I'anHa. — PajuotexHuka u 3jekTponuka, 1972, T. 17,
BbIN. 5, ¢. 1103—1106.
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FTEHEPALULUSI MPUBOPAMHU C ME)XIOJIMHHBIM MEPEHOCOM
QJIEKTPOHOB 2-it TAPMOHUKH B JUANA30HE YACTOT

Ojun w3 myTell MOMYYeHHS! BHICOKOYACTOTHON reHepalHH Ha yacr
TOTaX GoJiblle MaKCHMaJbHOH YacTOThl reHepaluu NPUGOPOB ¢ MeK:
JIOIMHHBIM IIEPEHOCOM' 3JIEKTPOHOB — I'eHepalisi rapMOHHK. Peub
MOZKET HATH B OCHOBHOM O 2-f rapMOHHKE, MOCKOJIbKY Ha 60Jiee Bbl-
COKHX TapMOHHKax 3((}eKTHBHOCTh reHepanuu HHYTOXKHA. Hauu-
yye 2-# TapMOHHKH B' CHTHAJIe HAaNpPSKEeHHs, JAefCcTBYIOIIero Ha
JAHOZAE, TPHUBOAHT K YBEJIHYEHHIO 3S(PPEKTHBHOCTH TreHepaluu HA
Hu3kux yacrorax (KIIZ Bospacraer ma 10—15%) u yBeanueHHIO
MAaKCHMaJIbHOH YacTOTHl TeHepaumuu MPHOOPOB € MEXJOJHHHBIM e
peHocoM 3JekTpoHOB Ha 15—20%. Ha 2-ii rapMoHHKe yBeJqnueHHE
s dexruBHOCTH reHepauuu (1o 10—12% B uMmyJabcHOM pexuMe Ha
HH3KuX uyactorax ~ 10 I'Tm) BO3MOXKHO NpH yBeJTHYEHHH OTHOILE:
HHSI aMIJIMTYAbl 2-# TFapMOHHKH K aMIVIUTyAe l-ii rapMoHuUKH A0
suavyenuii 0,6—0,9 [1]. IlogpoGubie TeopeTHyeckue pacyeThl A4
HU3KHX 4acTOT fIpUBeJeHBl B padore [1]. '
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Huke MBI XOTHM IOKa3aTh, KAKHM 06pa3oM 3(p(eKTHBHOCTH re-
pepallii Ha 2-it rapmMonuke (npu pa6Gore auoAa Ha l-ii rapmoHHKE)
3aBUCHT OT YacTOTHl B LIMPOKOM JMAaNasoHe YacToT (paccMaTpHBa-
joTCsl TOJIBKO TIOJIyYEHHBIE Pe3YJIbTaThl).

1. [Iyrem TeopeTHYeCKHX PacyeToB yCTAHOBJIEHO, UTO HA HHU3KHX
gactoTaXx 3(Q(eKTHBHOCTh TeHepalMH Ha 2-H rapMOHHMKe  IIpH
| EyJE2—1 pacter um naxe MOXKeT npeBblIaTh 3p(HeKTHBHOCTb reHe-
| pauHH Ha 1-ii rapmonmke, pocrurasi ~10—12% npu 300° K

u ~5—6% mpu 500°K.
OTH 3HAuYeHHs, OHAKO, HE XapaKTEepHbl JJs AHaNa3oHa 4acToT.
C yBeJHYEHHEM YacTOThl HAYHHAIOT CKa3blBaTbCS HHEPIHOHHOCTH
jepepacnpeie/IeHns: 3JeKTPOHOB HJIH 3(P(EKThl pesaKCalHH 3JIeK-
TpOHOB 1O 3Hepruu. JpefipoBasi cKOPOCTb Beell COBOKYIHOCTH 3JI€K-
TPOHOB NpPHOGpPETaeT BHA AMHAMHYECKOH KPHUBOH, MMeioulefi rucre-
pesuc, NpH yBEIHYHBAIOWHUXCHA Enop U Viop; BO3pacraer ciABHr ¢as
MeXJy TOKOM uYepe3 KpHucTasa (HaH JApelioBOH CKOPOCTBIO) H Aeii-
cTBYIOLIMM Ha npubope nepeMeHHbHIM HanpszkeHueM. Bce sto Bme-
cTe MPUBOJAHUT K MajJeHHi0 3()(PEKTHBHOCTH FeHEpPalHH C YBEJHUEHH-
eM YacCTOThl BIIOTb A0 HYyJs Ha yactotax ~ 150—180 I'T'y (puc. 1).
OrtpuuarenbHas AnbdepeHLHaNbHAass NPOBOJAHMOCTb TaKxke HcUe-
3aeT HA 3THX YacTOTaXx. :
2-s1 TapMOHHKa Bejer ce0si aHaJoruyHo l-ii. D deKTHBHOCTH
| resepanuu 2-ii rapMOHHKH Ha uyactorax ~ 20 I'T'm neBesuka u co-
}CTaBJIﬂeT ~ 3—4Y% npu K=0,33 — B ycmaoBusix, Haubosee GJaro-

NPUATHBIX A5 1-#i TapMOHUKH 1O 3((PEKTHBHOCTH I'eHepalHu H yac-
' TorHoMy npenedy. dnsi 1-i raDMOHHKH fmax cocTaBisier ~ 170—180,
- a aas 2-i 350 I'Tu. ITpu a106bIX APYTHX COOTHOIUIEHHSIX MAKCHMAJb-
Hble YacTOThl reHepaunuu Ha l-fi U 2-ii TapMOHHKAX YMEHbIIAIOTCH
- coorBeTcTBeHHO A0 ~ 150 u 300 I'Tu. 9To mnokasaHo Ha puc. 2
- (reopernyeckue pe3ysbTaThl). YacToThl KpHBBIX [—4 cJelyeT cO-
OTHOCHTb C yJABOEHHBIMH YaCTOTaMH KPHBBIX 2'—4’.

PasorpeB paGoueii o6aactu npubopa no 500°K (peasbHBIX TeM-
nepatyp B HENPEpPHIBHOM pexXHMe) YyMeHblIaeT, 3((EeKTHBHOCTb
TeHepaluH Ha HU3KHX uyactoTaX a0 10—129% wu wacTOTHBIH mpexes
10 ~ 150 I'Tu. DddexkTuBHOCTL reHepalWH Ha 2-# rapMOHHKe Ha
HH3KHX YyacToTax B HENPEpPHIBHOM pexuMe cocrtaBaser 2—2,5%
H NIOCTeNEeHHO yMeHbLIaeTcsi A0 HyJs Ha yacrorax ~ 300 I'Tm.

- Creayer orMeTuTh CJeAyloOllee: €CJIH Ha CPaBHHTEJIbHO HH3KHX
Yacrorax (mo uyacror l-if rapmonuku ~ 75 I'Tu) renepamus Ha 2-ii
TaDMOHHKE IIPOMCXOJAHT 3a CYET OTPHLATeJbHOH AH(GepeHInalb-
HO# mposoxumoctu (OJIT) moaynpoBoauuka (GaAs), To Ha yacTo-
Tax ocHoBHOM rapmonuku 6osee 75 I'Tu OJIT na yacrore 2-i rap-
MOHHKH HeT, HA 2-# rapMOHHKE HJIET IOIJVIOLIeHHEe MOIIHOCTH, OHa
 KOMmeHcupyercsi 4acTbi0 MOLIHOCTH NEepPBOH TapMOHHKH.
| Takum o6pasom, TeopeTHuecKHe PacyeThl MOKAa3bIBAIOT, YTO MPH
> PaGore npu6opa ¢ MeXKIOJHHHBIM MEPEHOCOM 3JEKTPOHOB HA vac-
~ ToTax no 150 I'Tu, Ha 2-if rapMOHHKE MOXKHO MOJYYaTh YacTOTHI A0
| 300 I'Ty (KIT[ muskuii, nopsaka 1% u menee).
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