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Pegpepam—PaccMoTpeHbI YACTOTHOCEIEKTHBHBIC CTPYKTYPhI HA OCHOBE O0TPe3KOB MHKPOIIOJIOCKOBOIi JHHHHU CO CTY-
NneH4YaToil HeoAHOPoAHOCTHIO. IIpoaHAIM3MPOBAHBI MeTOAbI YNPaBJIEHHs 3JIeKTPOAHHAMHYECKHMH XaPaKTepUCTHKAMHU
MOJIyYeHHBIX CTPYKTYP €O CTyleH4YaToi HeogHopoaHocThI0. IIpoBenen pacyer cTpykTyp GuibTpa u (pazoBpamartesas Ha
OCHOBE 0TPEe3KOB MHKPOI0JIOCKOBOM JUHHH CO CTYNIeHYaTOH HEOAHOPOAHOCTLIO. IIpeiio:keHbl KOHCTPYKIMH 4YaCTOTHOCE-
JIEKTHBHBIX YCTPOICTB HA OCHOBE ITHX CTPYKTYP. [IpuBeeHbl pe3yabTaThl H3MePeHHii 0CHOBHBIX XaPAKTEPUCTHK YaCTOT-
HOCEJIEKTHBHBIX CTPYKTYP Ha OCHOBE OTPe3K0B MHKPOII0JI0CKOBOIi JIMHUHU €O CTYNIEHYATOH HEOHOPOJHOCTHIO.

bu6a. 13, puc. 6.

Knrouesvle cnoea — MUKpononocko6as JUHUA cO CHYReHYamou HeooHopoonocmuio; gunemp CBY; ¢hazoepawamens;
onmuueckoe ynpagienue; I1eKmpoouHamuiecKue XapaKmepucmuKu.

|. BBEJJEHUE B cBs3u ¢ 3TUM B mociieHee BpeMs sl CO3JaHUs
MHKPOIIOJIOCKOBBIX YaCTOTHOCEIEKTUBHBIX CTPYKTYP BCE
yalle UCIoJIb3YIOT HEOJHOPOIHBIE JIMHUY Nepenadn. 1x
CBOWMCTBA 3aBUCAT OT 3aKOHA HW3MEHEHUS BOJIHOBOTO
COIIPOTHBIICHUS BJOJIb JIMHUHM, YTO NAeT AOIOIHUTENb-
HBIE BO3MOXXHOCTH 151 (hopMupoBaHus TpedyeMbix AUX
n ®UX [1]. [ToaTomMy LeNbIO JaHHOH paboTHI SBISETCS
HCCIIEAOBAHUE BO3MOKHOCTH CO3JAHHsI Ha OCHOBE CTy-
HcTopruecku nepBpIME OBUTH CO3JJaHBI YaCTOTHOCE- IICHYaTOd HCOJAHOPOJHONW MHKPOIIOJIOCKOBOH JIMHAN
JIEKTUBHBIE CTPYKTYpPHI HA OCHOBE OJHOPOJIHBIX MUKPO- nepeaadn 4aCTOTHOCCICKTUBHBIX yCTpOﬁCTB, TaKHuX, KaK
MOJIOCKOBBIX JHHUHN nepemayn. OTHAKO OHU HMEIOT ¢unbTpel n pazospamarenn.
onpeneneHuble HegoctaTkd. dunbTp, cocTosui U3 ; ;
OTpe3Ka C BKJIIOYEHHBIMM Ha €r0 KOHIAX aKTHBHBIMH < >l :
CONPOTHUBJICHUSIMUA DPA3HOW BEIMYUHBI, HMEET Y3KYIO
MOJIOCY TIPOMYCKaHMsI U 00JamaeT MHOTOMOIOCHOCTBIO.
OnHOpOIHBIE TUHUHM MPUMEHSIOTCS JIUIIb JJI1 COTIaco- ' PY A W
BaHMS KOMIUIEKCHBIX COIPOTUBIICHUM B y3KOW Moioce A 4 i
yacToT. OJHOPOAHBIE OTPE3KU HUMEIOT KpaTHBIE pPe30-
HAaHCHBIE YacTOTHL. Bce 3TH (hakTOpBI CyIIECTBEHHO

CYXKaroT o0JiacTh IIPUMEHEHHUS OTHOPOIHBIX JTUHUU []_] Puc. 1. MUuKpOIOIOCKOBBIf  pe30HATOp €O  CTYHNCHYATOH
HEOHOPOIHOCTBIO.

B texnnke CBY mupoko MpUMEHSIOT pe30HAHCHBIC
YCTPONCTBA Ha OCHOBE MUKPOIIOJIOCKOBBIX JINHUH. Takue
yCTpoiicTBa 00J1aal0T PAIOM TIOJIE3HBIX CBOWCTB: OHHU
COBMECTHUMBI C TUTAHAPHOW TEXHOJOTHEH U MOTYT OBITH
W3TOTOBIIEHBl B €JHHOM TEXHOJIOTHYECKOM ITHUKIIE
C aKTHBHBIMH [TPUOOPaMH.
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Il.  @HJIBTPbI HA OCHOBE HEQJHOPOJHOH
MHUKPOIIOJIOCKOBOH JIHMHUH IEPEJIAYN

PaccMoTpuM 4eTBEPTHBOJIHOBOM PE3OHATOP CO CTY-
NIeHYaTOH HEOJHOPOJHOCTHIO, KOTOPBII COCTOHT M3 JABYX
OTPE3KOB MHKPOIIOJOCKOBOM JIMHWH, COCIUHEHHBIX
nocnenoBaresibHo (puc. 1). OTpe3Ku UMEIOT pasinyYHbIC
BOJIHOBBIE CONPOTHBIEHUs. Takum 00pa3oM, Ha rpaHHLEe
MEXAY IBYMsI OTpE3KaMH BOJHOBOE CONPOTHBIICHHE
JIMHUH U3MEHSIETCs CKauko00pa3Ho. OTpe30k ¢ 0OIbIINUM
BOJIHOBBIM CONPOTHBIICHHUEM COEIWHEH C IOJUIOKKON
(MecTo coennHeHMsT 0003HAYEHO Ha pUC. | YEPHBIM Kpy-
TOM).

B 5TOM cilyuae BXOJHOE CONPOTHUBJIEHHE PE30HATOPA
MOXHO IPpEACTaBUTb COOTHOLICHUCM:
i (thg (Bl1)+Zyotg (B2 ))
Zyp = Zugtg (BL1)t9 (BL2) (1)

Zino = Zw2

Hcnone3ys rpaHndHbIE YCIOBHS Ha TOPIIAX pe30HaA-
TOpa, OINpPENENIAIOTCS BOJIHOBBIE YHCIA M PE30HAHCHAS
YacToTa JaHHOM Pe30HAaHCHOM cuctembl. [lorpemHocTs
pacuera He mpeBbImaet 2...4 % B IIUPOKOM JHaria3oHe
cooTHomenui pazmepos /1y u Wo/Wi [2].

Hammm wccnenoBanusi mokaszanud MEPCIEKTUBHOCTh
UCIIOJIB30BaHMS TAKMX PE30HATOPOB ISl CO3/IAHMS IPO-
CTBIX JABYX3BEHHBIX (HILTPOB (pHC. 2), a TaKKe (QHIb-
TPOB C IIepecTpanBacMbIMu xapakrepuctukamu [3]. AUX
TakuX QUIBTPOB 3aBUCHUT KaK OT XapaKTEPUCTUK Pe30Ha-
TOPOB, TaK ¥ OT KO3 (HUIIMEHTa EMKOCTHOH CBS3U MEKIY
HUMHU.

PaccuntaTh K03QHUUHUEHT EMKOCTHO CBSI3M MOKHO,
HCIIONB3YST METOUKY, TIPEIOKeHHYT0 B [4]. Takoii moj-
XOJ/I OYeHb THOOK, MOCKOJIBKY I03BOJISIET (hOPMHUPOBATH
TpeOyeMyro XapaKTepHCTUKY (QIIBTPa, a TaKKe IOIy-
YUTh TEOPETHYECKOE 0OOCHOBaHHE 3aBUCUMOCTH XapaK-
TEPUCTUK (MIBTPOB OT KOIDDUIIMEHTOB CBSI3H MEXKIY
pe3oHaTopamu.

KoaddummeHT eMKOCTHON CBSI3M MOXKET OBITH OIpe-
JeleH IO CIBUIY PE30HAHCHOM YacCTOThI CBSI3aHHOTO
Y HECBSA3aHHOTO PE30HATOPOB:

2 2
2 2
k+1[foz+f01] foo—fo | [ fo—fdi
B £2,+ 12 G+t
P 2),

2{ Ty fou p

rie for u foo— cobcTBEHHBIE pE30HAHCHBIE YaCTOTHI PE30-
HatopoB; o1 u fp2 — pe3oHaHCHBIE 4acTOTBHI CBSI3aHHBIX
PE30HATOPOB.

Ecmm PE30HAHCHBIE YaCTOTBI PE30HATOPOB COBIIA-
Jar0T, TO JaHHOC BBIPAKCHUE YITPOLIACTCA:

Puc. 2. KoHCTpyKIHs IByXpE30HATOPHOTO (GUIIbTpa.

6 1.8 2 22
f.TTu

Puc. 3. AUX

Teopernueckue "
JIBYXPE30HATOPHBIX HIIGTPOB Ha OCHOBE MHKPOIOIOCKOBBIX JIMHHUI CO

OKCIIEPUMEHTAJIBHBIC

CTYIIEHYaTOW HEOJHOPOJAHOCThIO Ha Juama3oHsl 900 MIn (a)
u 1800 MI'm (6), U3rOTOBJICHHBIX Ha MOIJIOXKE C OTHOCHTEIBHOMN
IIIEKTPHYIECKO IIPOHULIAEMOCTBIO & = 9,6 u 38 cooTBeTCTBEHHO [5].

2 2
foo— fp1

2 2
fpz + fpl (3)
Ha ocHOBaHMU 3TOM METOAMKH pacdeTa HaMH ObLTH
CIIPOEKTUPOBAHbl U SKCIEPUMEHTAILHO MCCIEIOBAHbI

JBYXpe3oHaTopHble GuiabTpbl, AUX KOTOpBIX MpHBe-
JIEHBI Ha puc. 3.

.  CIIOCOKGbI VIIPABJIEHUA XAPAKTEPUCTH-
KAMH ®HJIBTPOB HA OCHOBE HEOJ{HOPOJHOH
MUKPOIIOJIOCKOBOH JIMHUH IEPEJIAYN

CymecTByeT psif criocoOOB yIpaBICHUS XapaKTepH-
CTHKaMH YaCTOTHOCEIEKTHBHBIX cTpYKTYp [6]-[10]:

e yIpaBJeHHE IUIIEKTPHIECKOH TPOHULAEMOCTEIO
C TOMOIIBIO BJIEKTPUUECKOTO MO (HAmpUMep,
C HCIIOJIb30BAHMEM CETHETORIEKTPUYECKUX IIIe-
HOK);

e ynpaBieHne dS(O(HEKTHUBHOW MPOHHUIIAEMOCTHIO
CHUCTEMBI 3a CUeT M3MEHEHus e€ TIeoMEeTpHU
(Hanpumep, M3MEHEHHE B3aWMHOT'O PacIoJioKe-
HUSI 4acTeil CTPYKTYpHI C TIOMOIIBIO 3JIEKTPOME-
XaHWYECKHX IpeodpazoBartesei);

® OINTHYECKOE YIPABICHUE TUIIECKTPUUECKON Mpo-
HHIIAEMOCTBIO;

® YIpaBJICHUC MarHUTHOI
C MIOMOINBKO MAariHTUHOTI'O ITOJIA;

MPOHUIIAEMOCTBIO

® KOMOHMHHPOBaHHOE
YIpaBIICHUE;

MAaruuToO-3JCKTPHUICCKOC

® YIHpaBJICHHUC IMTPOBOAMMOCTBIO MaT€puaia ¢ IoMo-
B0 DJIEKTPHUYIECKOTO I10JIsI, OCBEIICHUSA U T. 1.

Kaxplit M3 nepeuncieHHbIX METoI0B 001a1aeT CBO-
UMH JOCTOMHCTBAMHU M HeJgocTaTkamu. Hanpumep, s
YIPaBJIEHUSI  JMUIJIEKTPUYECKOM  IPOHULIAEMOCTBIO
C MOMOUIBIO JIEKTPUIECKOTO TMOJST HEOOXOIUMBI CHIIb-
HBIE TI0JIA, TaKXKE ITOT METOJ] BHOCUT OOJIBIINE MOTEPH.
YipapineHHe eMKOCTBIO O3BOJISIET YIPABIATh PE30HAHC-
HOM 4acCTOTOM B LIMPOKHUX NIPEAEIIaxX, HO IIPU TOM TaKKe
3HAQYUTEIBHO YMEHBINAEeTCs A00pOTHOCTh. CHCTEMBI

®
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C MarHUTHBIM YIpPaBJICHHUEM UMEIOT OOJIbIIIME Maccora-
OapuTHBIC MMOKA3aTEeNIH, U T. II..

Jnst ynpaBlieHUsT Pe30HAHCHBIMH 4acTOTaMU (riTb-
TPOB HaMH ObUIM BBIOpaHBI JjBa CHOCO0A: yIpaBieHUE
3 (HeKTUBHOH TPOHUIIAEMOCTBIO CHCTEMBI 33 CUET H3Me-
HEHUsl €€ IeOMETPUM U YINPABICHUE IPOBOJUMOCTHIO
MaTtepHana ¢ HOMOLIBIO AIEKTPUIECKOTO MO M OCBEIIe-
HUs.

st peanusanuu ynpasieHus 3Q(OEKTHBHON MPOHK-
[[AEMOCTBIO CHCTEMBI 33 CYET U3MEHCHUs ¢ TeOMETPHU
ObUTa pa3paboTaHa KOHCTPYKIHS JBYXPE30HATOPHOTO
¢mIbTpa, aHANOTWYHAS TIPEACTAaBICHHOW Ha puc. 2.
Ceuenne Takoro GpuibTpa MoKa3aHo Ha puC. 4, a.

VYhpaBieHne  pealu30BaHO  IYTeM  H3MEHEHUS
MIMPHHBI 3230pa MEXIy HMOMJIO0KKOH U 3eMIISTHBIM 3JIEK-
TpongoM. BBeieHHas TakuM 00pa3oM BO3TyIIHAS HEOIHO-
POIHOCTS (3a30p) UCKAXKAET CUIOBBIE JIMHUH dJIEKTpUYe-
CKOTO TIOJISl CHCTEMBI, YTO IIPUBOIMT K €r0 BO3MYLICHHIO.
Kax cnexncrBue, UMeeT MECTO CMEIIEHUE PE30HAHCHOU
YacTOTHl CHCTEMBl Jake IPH MalbIX H3MEHEHHSX
MIMPHUHBI BO3IyHIHOTO 3a3opa. Ha puc. 4, 6 moka3zana
AUX nmannoro ¢uieTpa. [lepeMerienne MeTaIMIecKoi
MeMOpaHBl OCYIIECTBIIUIOCh IIPU IOMOIIY IIbE303JIEK-
TPUYECKOTO aKTIAaTopa.

[ 1

'ic.\l.lﬂlllz_% 7

—‘yllﬁ T ~TIbe303eKTPHYECK
-
WIEKTPOLL 4

[Moanoxka

AT T II
1 Moaenanan
METALIMYECKAR

smembpana

caoil

Hamensemeriit Vnpawisioumii

BOFY IWIHBII
0P

WIEKTPOI

Puc. 4. Konctpykius (a) u AUX (6) hpuiibTpa Ha OCHOBE HEOAHOPOIHOM
MHKpPOIOJIOCKOBOI ~ JINHUM Iepefadyd C  DJIEKTPOMEXaHHYECKHM
ynpasienueM: 1 — AUX npu A = 10 mxm; 2 — AUX npu A = 100 MKM.

JIunus nepenadu
C BOJTHOBBIM
COIPOTHBICHHEM

500m o

Pesonarop na
GaAs nojuiokke

Puc. 5. Cxemarnueckoe n300pakeHHe KOHCTPYKIMU paboyero Makera
¢unpTpa Ha OCHOBE HCOJHOPOAHBIX MHKPOIMOJIOCKOBBIX JIMHHUN Ha
IOJUTOXKKE U3 BEICOKOOMHOTr0 GaAs.

B unccnenyemoM GuibTpe Npu U3MEHEHUN BEINYUHBI
BO3AyIIHOTO 3a30pa oT 10 go 100 MxM cMmeleHue pe3o-
HaHCHOM YacToThl coctaBuio ~ 10 %. IIpu sTom mMakcu-
MaJIbHOE 3HAUEHHE YIPABIISIOIIETO HATPSXKEHUsI COCTaB-
asto ~ 300 B.

[MpeumymiecTBOM JaHHOTO CHOCO0a  yIpaBleHUS
SIBIISIETCS BOBMOXHOCTD TUIABHOT'O U3MEHEHHUS PE3OHAHC-
HOW 4acToThl GuiabTpa. OJHAKO €CTh M CYIIECTBEHHBIC
HEIOCTaTKA — CPAaBHUTEIFHO HHU3KOE OBICTPOACHCTBHE
1 BBICOKOE YIIPaBJISIOIIECE HAIIPSDKEHNUE.

Ha ceromusmuuii JIeHbp 3HAYUTENbHBIA HWHTEpPEC
BbI3BIBAE€T onruueckoe ynpasnenue [11], [12]. Oto
BEI3BAHO TEM, YTO TaKHE CHCTEMBl HMEIOT ITOBBIIICHHOE
OsIcTpoeiicTBre, ycToiuuBel kK CBY-momexam, jerko
HHTETPUPYIOTCS C BOJOKOHHO-ONTHYCCKHMH CETSIMU
U ycTpoiictBamu 00paboTKU HHPOPMAIIHH.

B Hammx wmccienoBaHMAX ONTHYECKOE YIpaBIICHHE
OBUTO peanu30BaHO 3a cueT W3MeHeHus 3(deKTuBHON
JIMDJIEKTPUYECKOW TPOHHUIIAEMOCTH TPU  OCBELICHUH
noJynpoBoaHUKOBOH GaAs-nomioxku. [Ipu HOpMaib-
HBIX YCJIOBHMSAX M IPU OTCYTCTBHU ocBemieHus B CBU-
JMara3oHe COOCTBEHHBIC MOMYyPOBOAHUKH (Si 1 GaAs)
HUMEIOT HU3KUH ypoBeHb moteps [13].

CTpyKTypa HCCIELyeMOro MakeTa IOJI0CO-3arpak-
naroriero GuibTpa n3odpaxkena Ha puc. 5. Ha GaAs-mon-
noxke pazmepom 20x10x0,4 MM ObLT chopMUpOBAH MUK-
POTIOJIOCKOBBIN PE30HATOP, TOAKIIOUYEHHBIH K MUKPOIIO-
JIOCKOBOM JIMHUH C BOJHOBBIM comnpoTuBieHneM 50 OMm.
HccnenoBanusi MpOBOJMIMCH B YaCTOTHOM JIMAra3oHe
3...6 T JoOpOTHOCTH pe30HAHCHOTO OTpe3Ka Ha pe30-
HaHCHO# yactote 3,43 I'T'1 cocraBmia Qo = 240.

[pu ocsemennn GaAs-momtoxkn GaAs 840 um
CBETO/IMOJIOM C aKPUJIOBOM JIMH30H sipKkocThio 2000 K1/M?
K03(D(DUIMEHT Mepeiauu B HOJIOCE 3arPAXKICHUS MEHSLICS
ot -27 nb (6e3 ocsenienus) o0 -21 ab. [1pu 3Tom HabIrO-
JIANIOCh CMEMICHHE pe30HaHCHOM wuactorel Ha 1 %
B 001acTh 00JIce HU3KHUX YaCTOT.

Copyright (c) 2018 Masyp K. C., Cepreesa A. O., Tatapuyxk /1. /1., diaenko FO. B.
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A, MKM

Puc. 6. ®a3oBas XapaKTepUCTHKA UCCIIELyeMOro (GHIbTpa.

V.  VIIPABJIAEMBIE ®A30OBPALJATE/IH HA
OCHOBE HEOJJHOPO/JHOH MUKPOIIOJIOCKO-
BOH JIMHUH TIEPEJIAYN

Ha ocHOBe cTpyKTypHI, IPEACTaBICHHON Ha pHC. 4, a,
MOJKHO PEaJM30BaTh HE TOJIBKO (HIBTPBI, HO U JPYTHE
pE30HAHCHBIE YCTPONCTBA, B TOM uuciie (ha30BpaIaTely.

Kak HU3BCCTHO, YaCTOTHAasA 3aBUCUMOCTb (1)331:1 BOJIM3H
PE30HaHCa ONMMCBIBACTCS BBIPAXKECHUEM!

1 olo
¢ =arctg =
Q 1- ((L)/ (,00) ( A}
3y
rae Q — moOGPOTHOCTH Pe30HAHCHOM cucTeMbl; ®=2nf —
YIJIOBAsl YaCTOTa; Mg — PE30HAHCHASI YacTOTa, BBIPAKEH-
Has Yepe3 UIMHY OTpe3Ka MHKPOIOIOCKOBOW JIHHUH |
(wo=nc/(Ieet)™?); ¢ — cKOpPOCTH CBETA B BAKYyMe; Seff —
3 QeKTUBHAS TUINEKTPUYECKAs MPOHHUIAEMOCTh MO/~
JIOXKKH.

OueBu/IHO, YTO 3HAYCHHE YIMPABISEMOrO C/BUTA
¢a3e1 OyzeT 3aBUCETh OT MPOM3BOAHON (a3sl 1o dpdek-
TUBHOM NPOHUIIAEMOCTH:

2

(O]
1+—2
®o

0)2
Eeff T 4/ Ceff
0 ()

Okono pe3oHaHca ® = o, MOTOMY CIIPAaBEIIHBO
BBIPAKECHUE!

do

- Qo
deefs 200 \/Eeff 2[1 0)2]
Fl- 3
o

de _Q
deetr  Eeff (6)

B ciyyae corinacoBaHHOIO OTpe3Ka MHKPOIOJOCKO-
BOM JIMHMK TakoW jke mmmHbl | caBur ¢asel curHana
paBeH:

27l Epff
» ™),
rae A— JJIMHA BOJIHBI CUTHAJIa B BAKyyMC.

¢

B pesynbrare:

de

e ®

d Eoff

bbbt ncenenosan cusur ¢as ynpasnsieMoro GpuibTpa
Ha OCHOBE OTPE3KOB MHUKPOIOJIOCKOBOH JIMHUM CO CTy-
NeH4YaTod HEOJHOpPOJHOCThIO (puc. 4, a). Pesymbrarsl
HCCIIEJOBAHMS TIPEJICTABICHBI HA pHC. 6.

BBIBO/IbI

B pabore uccnenoBanbl pe30HaHCHBIE CTPYKTYPhI Ha
OCHOBE OTPE3KOB MHUKPOIIOJIOCKOBBIX JUHUH. [Ipenso-
JKEHBI KOHCTPYKIUH YIIPABIIEMBIX (QUIBTPOB C 3IEKTPO-
MEXaHWYECKUM U ONTHYECKHM YHpPaBJICHUEM. DKCIEPH-
MEHTAJIbHOE HCCIIEAOBaHNE MPEIOKEHHBIX KOHCTPYK-
A TOKa3ano, 4TO B CIIyyae 3JICKTPOMEXaHHYECKOTO
yIpaBieHUs] N3MEHEHHE JacToThl cocTanisieT 10 % mpu
W3MEHEHHH BO3YIIHOTO 3a30pa MEXKAY IOUIOKKON
U 3eMJISHBIM 371eKkTpogoM oT 10 1o 100 mxm. ITpu atom
JIOOPOTHOCTBH CUCTEMBI TOYTH HE N3MeHsAeTcs. [l ontu-
YEeCKOro crocoda yNpaBlIEHHs IMOJydeHa IepecTporKa
pe3oHaHCHOH yacToThl 1 % mpu gobportHoct 240, uro
SIBIIICTCSI AOCTATOUHBIM JUIS MPAKTUYECKOTO HCIIOJIB30-
BaHMA Ul KOMIICHCAIIMM TeMIIEpaTypHBIX (BIaykTyammit
napameTpoB (HIBTPa, KOTOPBIH, B CBOIO O4EPEb, MOKET
MIPUMEHATHCS B CPEACTBAX CBSA3H.

[TomyueHHbIe pe3yIbTAaThl MOATBEPIKIAIOT MEPCIIeK-
TUBHOCTb PACCMATPUBAEMBIX CTPYKTYP UL CO3AAHUS Ha
UX OCHOBE YIPAaBISEMbIX  YaCTOTHOCEJICKTHBHBIX
ycrpoiicts CBY.
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Peghepam—Po3riIsIHYyTO YACTOTHOCETEKTUBHI CTPYKTYPH HAa OCHOBI Bipi3KiB Mikpocmy:kKoBoi JIiHii 3i cTynmiHyacToio
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CMY2KKOBOI JiHil i3 cTyniH4acTO0 HeoqHOPigHicTIO. 3AIIPONOHOBAHO KOHCTPYKIilI YaCTOTHOCEJCKTHBHHX IPUCTPOIB Ha
ocHOBI ux cTpyKkTyp. HaBegeHo pe3yJbTaTH BUMIPIOBAaHb OCHOBHHX XapaKTePHCTHK YACTOTHOCETEKTHBHUX CTPYKTYP Ha
OCHOBI Biipi3KkiB MiKkpocMY:KKOBOI JiHil i3 cTYyNiHYaCTOI0 HeoAHOPiaHiCTIO.
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Abstract—In this research, the possibility of creating frequency-selective structures in excess of the high-frequency range
on the basis of inhomogeneous segments of microstrip lines was investigated. The calculation of a quarter-wave short-cir-
cuited resonator on the basis of microstrip line segments with a stepwise inhomogeneity is presented, on the basis of which
a two-resonator microwave filter on the basis of microstrip line segments with a stepwise inhomogeneity was calculated.
Using the calculations, bandpass filters on the basis of microstrip line segments with a stepwise inhomogeneity with central
frequencies of 900 MHz and 1800 MHz were designed and experimentally tested for use in conjunction with GSM modules.
Various methods of filter on the basis of microstrip line segments with a stepwise inhomogeneity control were considered:
capacitance control by means of an electric field (for example, using varactors); control of dielectric permittivity by means
of an electric field (for example, using ferroelectric films); control the effective permeability of the system by changing its
geometry (for example, changing the mutual arrangement of parts of the structure using electromechanical transducers);
optical control of dielectric permittivity; control of magnetic permeability with the help of a magnetic field; combined mag-
neto-electric control; controlling the conductivity of the material by means of an electric field, lighting, etc. To control the
resonant frequencies of the filters on the basis of microstrip line segments with a stepwise inhomogeneity, we chose two
methods: controlling the effective permeability of the system by changing its geometry and controlling the conductivity of
the material by means of an electric field and illumination. In first case, the control is realized by changing the width of the
gap between the substrate and the earth electrode. The air discontinuity (gap) introduced in this way interrupts the lines of
force of the electric field of the system, which leads to a strong perturbation. As a consequence, there is a significant shift in
the resonant frequency of the system, even with small changes in the width of the air gap. In the second case, optical control
was realized by changing the mobility of charge carriers under illumination of a semiconductor GaAs substrate. Experi-
mental samples with these types of controls were created and investigated. The results of measurements are also presented
in this paper. An experimental study of the proposed designs showed that in the case of electromechanical control, the
frequency change is 10% when the air gap between the substrate and the earth electrode varies from 10 to 100 pm. At the
same time, the quality factor of the system remains almost unchanged. For the optical control method, a resonance frequency
tuning of 1% was obtained at a Q-factor of 240, which is sufficient for practical use. The shift of the phases of the controlled
filter on the basis of microstrip line segments with a stepwise inhomogeneity was investigated. The phase shifter on the basis
of microstrip line segments with a stepwise inhomogeneity was calculated and constructed on the previously designed filters.
All the results of the phase shifter on the basis of microstrip line segments with a stepwise inhomogeneity studies are also
presented in this paper.

Ref. 13, Fig. 6.

Keywords — microstrip line with stepwise heterogeneity; microwave filter; phase shifter; optical control; electrodynamic
characteristics
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