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Abstract - The properties of microstrip structure with the regular resonators and based on 2-D photonic crystal with dimension 
2x3 are investigated theoretically and experimentally. An opportunity to create filters with high frequency selective characteristics and 
based on 2-D microwave design is demonstrated. 
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AHHOmaLlUf/ - TeopeTIII4ecKIII III 3KcnepIIIMeHTaIlbHO 1113Y4eHbi cBoliicTBa MIIIKponOIlOCKOBOIii CTpyKTYPbl c perYIlS1pHblMIII pe30Ha
TopaMIII Ha OCHOBe ,lIByxMepHoro cjJoToHHoro KplllCTaIlIla pa3MepHOCTbIO 2x3. nOKa3aHbi B03MO>KHOCTIII C03,l1aHIIIS1 Ha ,lIByxMepHblX CBY 
KOHCTPYKl.\lIIS1X cjJlIIIlbTPOB C BblCOKIIIMIII 4aCTOTHo-ceIleKTIIIBHbIMIII xapaKTeplllCTIIIKaMIII. 

I. BBeAeHMe 

I!1cKyccTBeHHble nepIIIOAIII4eCKllle CTpyKTYPbl, TaK 
Ha3blBaeMbie CPOToHHble KplIICTannbl (ct>I<), pa3Mepbl He
OAHOpoAHocTe� B KOTOPblX cpaBHIIIMbl C AnlllHo� 3neK
TpoMarHIIITHo� BonHbl, nplIIBneKalOT BHIIIMaHIII5I pa3pa6oT-
4111KOB CB4 yCTPO�CTB [1]. YCTpo�cTBa Ha 0AHoMepHblx [2] 
VI AByxMepHblx (20) ct>K [3] Y)l{e Vl3BeCTHbi VI 51Bn5lIOTC5I 
nepcneKTIIIBHblMIII [4], n0 3ToMY WIIIPOKO 1113Y4aIOTcS1. B 

pa60Te paccMoTpeHbl B03MO)l{HOCTIII C03AaHIIIS1 nonOCHO
nponycKalOLl.\erO III AByxnonocHoro cplllnbTpoB Ha OCHOBe 
2-D cpoToHHoro KplllcTanna. 

II. OCHoBHa� l.JaCTb 

PaCCMOTplIIM nepIIIOAIII4eCKllle no AByM KOOPAIIIHaTaM 
CTpyKTYPbl, COCT05lLl.\lIIe 1113 peryn5lpHbiX npOT5I)I{eHHbIX 
MIIIKpononOCKOBblX pe30HaTopOB, pacnOnO)l{eHHblX Ha 
nOAnO)l{Ke TOnLl.\IIIHO� h = 1 MM C AlII 3neKTplll4ecKo� npo
HlIIl..\aeMOCTblO £ = 80, pa3MepHocTbIO 2x3 (pIIIC. 1,2). 
MIIIKpononocKoBaS1 KOHCTPYKI..\III5I, npeAcTaBneHHa51 Ha 
pIIIC. 1 51Bn5leTC5I aHanoroM 20 cpoToHHoro KplllcTanna C 
weCTblO 514e�KaMIII oAIIIHaKoBo� AnlllHbl III pa3nlll4Ho� 
WlllplllHbl, nplll 3TOM opToroHanbHoe naAeHllle 3neKTpo-

nplII onpeAeneHHblx pa3Mepax nonOCKOBblX npoBoA
HIIIKOB III 3a30pax Me�y HIIIMIII KOHCTPYKI..\III5I npeAcTaB
nS1eT co6o� nonocHo-nponycKalOLl.\lII� cplllnbTp C BbICO
KIIIMIII 4aCTOTHo-ceneKTIIIBHbIMIII CBo�cTBaMIII (pIIIC. 2 ). B 

HeM B CPOpMlllpOBaHlII1II pa604e� nonOCbl nponYCKaHIII5I C 
OTHOCIIITenbHO� WIIIPIIIHO� I:lflfo=20% Y4aCTBYlOT nS1Tb 
pe30HaHCOB OT BHyTpeHHlllx pe30HaTopOB. CTOIIIT TaK)I{e 
OTMeTIIITb, 4TO 3neKTpOMarHIIITHa51 CBS13b Me�y pe30Ha
TopaMIII B pS1Aax AOn)l{Ha 6blTb 3Ha4111TenbHO ClllnbHee, 
4eM C pe30HaTopaMIII coceAHero p5lAa. 
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MarHIIITHblX BonH Ha KplllcTann MOAenlllpyeTc5I nOAKIlIO- -60 
4eHllleM 50-0 TpaKTa CB4 no l..\eHTpy BXOAHoro (1) III 
BblXOAHoro (6 ) npoBoAHIIIKOB, 3neKTpoMarHIIITHo CB5I3aH
HblX no Bce� AnlllHe C BHyTpeHHIIIMIII npoBoAHIIIKaMIII 
nepBoro (2, 3) III BToporo (4, 5 )  PS1AOB KOHCTPYKI..\IIIIII. 

Puc. 1. TononoauR npoeooHuKoe nonOCHO
nponycKalOUJ,eao cjJunbmpa Ha OCHoee 2-D cjJomoHHoao 

Kpucmanna. 

Fig. 1. Topology of the band-pass filter based on a 20 
photonic crystal 
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Puc. 2. TeopemuLfecKaR ALfX nonocHo-nponycKalOUJ,eao 
cjJunbmpa Ha OCHoee 2-D cjJomoHHoao Kpucmanna. 

Fig. 2. Theoretical amplitude-frequency characteristic of 
the band-pass filter based on 20 photonic crystal 

,QnS1 CPOpMlllpoBaHIIIS1 nonOCbl nponycKaHIIIS1 weCTblO 
pe30HaHcaMIII Heo6xoAIIIMO CMeCTIIITb T04KY KOHAYK
TIIIBHoro nOAKnI04eHIIIS1 III YKOPOTIIITb AnlllHbl BXOAHblX III 
BblXOAHblX npoBoAHIIIKOB (1, 6), a AnS1 Ha6n1OAeHIIIS1 Ha 
A4X AByX 6nlll3Klllx no 4aCTOTaM nonoc nponycKaHIII5I 
AononHIIITenbHO Heo6xoAIIIMO, 4T06bl pe30HaTopbl B 
p5lAax OTIllll4anlllCb eLl.\e III no AnlllHe APyr OT APyra 
(pIIIC. 3). 
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npltl 3TOM nOnOCKOBble npOBO,[lHItlKItl nepBOrO ps:!,[Ia 
(2, 3) CPOPMItlPYIOT nepBYIO (Pltlc. 4) pa604YIO H1tl3K04a
CTOTHYIO nonocy nponycKaHItls:! (lJ.flfo=7,0%) TpeMs:! pe30-
HaHCaMItl, npOBO,[lHItlKItl BTOpOro ps:!,[Ia (4, 5), aHanOr1tl4HO, 
- BTOPYIO pa604YIO BbicoK04acTOTHYIO nonocy nponyc
KaHItls:! (M1fo=6,6%). 

1 

Puc. 3. Tonono2uH oayxnonocHo2o cjJunbmpa Ha 
OCHoae 2-D cjJomoHHo2o Kpucmanna. 

Fig. 3. Topology of the double-band filter based on a 20 
photonic crystal 

Pa3,[1BItl>KKa Itl C6nltl>KeHltle 3TItlX nonoc nponycKaHItls:! B 
OCHOBHOM oCYLl.\eCTBns:!eTcs:! YBenltl4eHItleM Itl YMeHbwe
HltleM pa3HItll.\bl ,[InltlH npOBO,[lHItlKOB ps:!,[IOB, a 1tl3MeHeHItle 
3a30pa Me)l{,[ly HItlMItl n03Bons:!eT perynltlpoBaTb ItlX OTHO
cltlTenbHYIO WItlPItlHy. 
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Puc. 4. 3KcnepuMeHmanbHaH A L{X oayxnonocHo2o 
cjJunbmpa Ha OCHoae 2-D cjJomoHHo2o Kpucmanna u e20 

cjJomo2pacjJuH. 

Fig. 4. Experimental amplitude-frequency characteristics 
of the double-band filter based on a 20 photonic crystal 

and photo 

YnY4weHItle TaKItlX CeneKTItlBHblX CBO�CTB, KaK nps:!
MoyronbHocTb CKnOHOB pa6041tlx nonoc nponycKaHItls:! Itl 
YBenltl4eHItle nO,[laBneHItls:! napa3ltlTHO� MOLl.\HOCTItl B H1tl3-
K04acToTHo� Itl BblcoK04acToTHo� nonocax 3arpa)l{,[leHItls:! 
MO>KHO oCYLl.\eCTBItlTb 3a C4eT YBen1tl4eHItls:! 41tlCna N on
TItlManbHO nO,[l06paHHblx no pa3MepaM pe30HaTopoB B 
Ka)l{,[lOM ps:!,[Iy, npltl 3TOM, 41tlCnO pe30HaHcoB B Ka)l{,[lO� 
pa604e� nonoce nponycKaHItls:! TaK>Ke B03pacTaeT ,[10 N. 

npOCToTa HaCTpO�KItl cpltlnbTpa 06ycnoBneHa TeM, 4TO 
nO,[lCTpO�Ka pa3MepoB npOBO,[lHItlKOB O,[lHOrO ps:!,[Ia cy
Ll.\eCTBeHHO Bnltls:!eT Ha pa604YlO nonocy nponycKaHItls:!, 
KOTOPYIO cpopMltlpyeT 3TOT ps:!,[1 Itl He3Ha41tlTenbHO OKa-

3blBaeT Bnltls:!Hltle Ha HaXO,[ls:!Ll.\YlOcs:! Ps:!,[IOM pa604YlO 
nonocy nponycKaHItls:!. 

npltlBe,[leM paCC41tlTaHHbie B KBa31tlCTaTItl4eCKOM npltl-
6nltl>KeHItlItl KOHCTPYKTItlBHble pa3Mepbl npOBO,[lHItlKOB 
paccMoTpeHHo� nepBo� KOHCTPYKl.\ItlItl: nnOLl.\a,[lb npo
BO,[lHItlKa ( 1) - 54,9xO,3 MM2; pe30HaTopoB (2), (4) -
21,9x5,2 MM2

; pe30HaTopoB (3), ( 5) - 21,9x4,7 MM
2
. 

3a30pbl Me)l{,[ly npOBO,[lHItlKaMItl ( 1  Itl 2), ( 11tl 4) - 0,4 MM; 
Me)l{,[ly pe30HaTOpaMItl (2 Itl 3), (4 Itl 5) - 0,9 MM; Me)l{,[ly 
(21tl4), ( 3 1tl 5) -11,1 MM. 

Pa3Mepbl npOBO,[lHItlKOB BTOpO�, 3KCnepltlMeHTanbHO 
1tl3roTOBneHHO� KOHCTPYKl.\1tl1tl ,[IByxnonocHoro cpltlnbTpa: 
nnOLl.\a,[lb npOBO,[lHItlKa ( 1) - 22,1 xO,9 MM2; pe30HaTopa 
(2) - 22,3x6,3 MM2; (3) - 22,4x7,3 MM2; (4) - 18,7x6,3 
MM2; ( 5) - 18,4x7,3 MM2 3a30pbl Me)l{,[ly npOBO,[lHItlKaMItl 
( 11tl 2), ( 1  Itl 4) - 0,2 MM; Me)l{,[ly pe30HaTOpaMItl (2 Itl 3), 
(4 Itl 5) - 3,0 MM; Me)l{,[ly (21tl 4) - 2,1 MM, ,[Ins:! pe30Ha
TOPOB (3 Itl 5) -2,3 MM. CMeLl.\eHltle, B,[IOnb OCItl CItlMMeT
pltlltl, npOBO,[lHItlKa ( 1) OT Kpa�Hero BepxHero yrna pe30-
HaTopa (2) -9,1 MM. 

III. 3aKl1IOl.JeHMe 

1. nOKa3aHo, 4TO Ha OCHOBe 2-D MItlKpOnOnocKoBoro 
cpoToHHoro KpltlCTanna C opToroHanbHblM na,[leHltleM 
3neKTpOMarHItlTHbiX BonH, MO>KHO peanltl30BaTb nonoc
Ho-nponycKalOLl.\ltl� cpltlnbTp C BblCOKItlMItl 4aCTOTHO
CeneKTItlBHblMItl CBo�CTBaMItl. <DK COCTOItlT 1tl3 ,[IByX Ps:!,[IOB 
pe30HaTopoB C nps:!MoyronbHblMItl nonOCKOBblMItl npo
BO,[lHItlKaMItl. npltl 3TOM 3neKTpOMarHItlTHas:! CBs:!3b Me)l{,[ly 
pe30HaTOpaMItl B ps:!,[Iax ,[IOn>KHa 6blTb 3Ha41tlTenbHO 
CltlnbHee, 4eM C pe30HaTOpaMItl COCe,[lHero ps:!,[Ia. 

2.Ans:! peanltl3al.\1tl1tl ,[IByxnonocHoro MItlKpOnOnocKo
Boro cpltlnbTpa Ha OCHOBe 2-D cpoToHHoro KpltlCTanna 
Heo6xo,[lItlMO OnTltlManbHO nO,[106paTb pa3Mepbl nonoc
KOBblX npOBO,[lHItlKOB Bcex pe30HaTopoB B npocTpaH
CTBeHHblX ps:!,[Iax, a TaK>Ke pa3Mepbl BXO,[lHOrO Itl BbIXO,[l
Horo npOBO,[lHItlKOB, K KOTOPblM KOH,[IYKTItlBHO nO,[lKnI04e
Hbl nopTbl yCTpO�CTBa. KpoMe TOro, He06xo,[lItlMO no,[lO-
6paTb OnTltlManbHOe CMeLl.\eHltle Kpa�HItlX npOBO,[lHItlKOB 
MItlKpOnOnocKoBo� CTpyKTYPbl B,[IOnb ee OCItl. 3TO o6ec
ne41tlBaeT OnTItlManbHble CBs:!31tl Me)l{,[ly BXO,[lHbIMItl Itl Bbl
XO,[lHbIMItl pe30HaTOpaMItl, CPOPMltlpylOLl.\ItlMItl «HItl3K04a
CTOTHYIO» Itl «BblcoK04acToTHYIO» nonOCbl nponycKaHItls:!. 

V1CCne,[lOBaHltle BblnOnHeHO npltl nO,[l,[lep>KKe MItlHItl
cTepcTBa 06pa30BaHItls:! Itl HayKItl POCCItl�CKO� <De,[lepa
l.\1tl1tl, rpaHT npe31tl,[leHTa POCCItl�CKO� <De,[lepal.\1tl1tl ,[Ins:! 
rocy,[lapCTBeHHo� nO,[l,[lep>KKItl MOnO,[lbIX pOCCItl�CKItlX 
Y4eHbix - KaH,[IItl,[laTOB HaYK, MK-5942.2014.8 «V1ccne,[lo
BaHltle Itl npOeKTltlpOBaHltle cOBpeMeHHblx MItlKpOnOnoc
KOBblX Itl nonOCKOBblX yCTPO�CTB 4acToTHo� CeneKl.\ItlItl, B 
TOM 41tlCne C ItlCnOnb30BaHItleM aKTItlBHblX cpe,[l Itl Ha OC
HOBe CPOTOHHblX KpItlCTannOB» 
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