MunucrepcTBo o0pa3oBanus 1 Hayku Poccuiickoii @enepaunn

HOBOCHBHPCKUM FOCYJAPCTBEHHBIN TEXHUYECKU YHUBEPCUTET

621.37 Ne 4213
M 597

MHUKPOITIOJIOCKOBBIE
CBUY-YCTPOUCTBA

Meronnyeckue ykazaHus K J1abopaTopHbIM paboTam
no aucuuminae «Mukpoanektponrnka CBU» nist crynentoB POO®
Hanpasiennii 211000 u 210700 nHeBHOM U 3a04HON Hopm 00yUeHHUsI

HOBOCHUBUPCK
2012



VIIK 621.372.8.049.75(076.5)
M 597

CocraBurens kKaHA. TexH. Hayk B.C. [anunoe

PeueHnseHT kaHa. TeXH. HayK, JOUEHT B.H. I oeopyxun

Pabora noarorosiiena Ha kadeape KTPC

© HoBocubupckuii rocyapcTBeHHBII
TEeXHUYECKHUi yHuBepcuTeT, 2012



JIABOPATOPHAS PABOTA Ne 1

MOJIEJTUPOBAHUE MUKPOIIOJIOCKOBOT O
JNEJUTEJISI (CYMMATOPA) MOIIITHOCTH

Leab pa6oTsl: ONYyYUTh NPAaKTHYECKHE HABBIKK MOJICITUPOBAHHS MHUK-
POIIOJIOCKOBOIO iesiuTelist MolHOCTH B cpesie Microwave Office.

IlocTanoBKa 3axa4u

JenuTtenu BBIMOMHSIOT Ha OTpe3KaxX JIMHUN M IMIHPOKO TPHUMEHSIOT B
CXeMax NMUTaHWsI MHOTO3JIEMEHTHBIX MEPENAIoLNX WIN MPUEMHBIX aHTEHH,
OaaHCHBIX YCWIIMTENSX, BO30OYIMTENSX, CHUTHAI KOTOPHIX OJHOBPEMEHHO
MOJIaeTCs B MEPENAtONIyI0 W IPUEMHYI0 YacTH amlmapaTypsl, U T. . Bo Bcex
ATUX CIIy4asx HEOOXOIUMO yCTPOUCTBO Ha TPH ILTEYa.

B kauectBe mpumepa mpeziaraercsi CipoeKTHPOBaTh U MPOMOJEINPO-
BaTh JEJINTENh MOIIHOCTH B MHKPOTIOJIOCKOBOM WCTIOJIHEHHH B AMANa3oHe
4...12 I'Tu. JIns moaydeHHON CXeMBI ClIeIyeT IMMOCTPOUTh TpadUKH 3aBUCH-
moctu K_,, ¥ kod(puuueHTa nepenauu Mo HampsHKeHUI0 OT MCTOYHUKA

CHUTHaJla B HaTPy3Ky |SZI| OT YacTOTEHI.
Ecnu 3Hauenne K, B paboueil momoce 4acTOT MpEBBIIIAET 3aJlaHHOE
K., =1.4, To npoBeanTe ONTUMHU3ALUIO NAPAaMETPOB JETUTENS CPeACTBa-

C

mu Microwave Office.
IHopsinok BbINoOJIHEHUS PA0OTHI

1. Co3naHue HOBOIo NMPoOEKTa

1.1. Beibepute B meHto File > New Project (Daitn>HoBblii mpoekT).

1.2. Boibepure B menio File > Save Project As (®Paiinr>CoxpaHutb
mpoekT kak). OTKpoeTcst AMaJIOrOoBOE OKHO Save As.

1.3. Ha6epute Divider n Haxkmute COXPaHUTb.

1.4. Beibepute B MmeHto Options > Project Options.

1.5. Ha Bknanke Global Units atoro okna B none Frequency Beenure
GHz, B mone Length type Beennte mm u Haxkmute OK.



2. Co3nanue 3/1eKTPOMArHUTHOM CTPYKTYPbI

2.1. lllenkuure neBoil kHomkod Mbimm 1o 3HAuKy Add New EM
Structure Ha naHeId HHCTPYMEHTOB.

2.2. Ha6epute Coupler B mone Enter a name for the EM Structure
(BBOA MMeHM ATl AIEKTPOMAarHUTHON CTPYKTYpbl), oTMeTbTe AWR EM-
Sight Simulator n naxxvure Create. Ha paGouem mome oTKpoeTcss OKHO
3EKTPOMAarHUTHOW CTPYKTYPHI.

2.3. lllenknauTe mo 3Ha4uky Substrate Information na manenm wHCTPY-
MeHToB. Ha Brimagke Enclosure oTkpriBierocs okaa B mosie X_Dim Benu-
Te, Hanpumep, 2.5, B mone Y_Dim Beeanre 1.8, B mone Grid_X Beennte
0.05 u B none Grid_Y Beexute 0.05.

2.4. Ha Bknanke Material Defs B o6nactu Dielectric Definitions mis
nuanektpudeckoro ciost Diel 1 BBemute, Hanpumep, Er =3.38, TanD =
=0.0027.

2.5. Ha Bknagke Dielectric Layers nns ciost 1 BBeauTe TONILMHY, Ha-
npuMep 4 u matepuan Air. Jlis cios 2 Beeaute Toauuuy 0.305 u matepuan
Diel_1. Haxxmure OK.

2.6. lllenxkuute no 3Hauky Polygon Ha maHend MHCTPYMEHTOB M CO3-
JiaiiTe 2IIEKTPOMarHUTHYIO CTPYKTYPY, MOKa3aHHYIo Ha puc. 1.1.
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3. Co3naHue 3JIeKTPUUECKON CXeMbl AeJIUTeJIst

3.1. B okHe mpocmotpa mpoekTta apaxasl menkaute mo Global Defini-
tions, 9TOOBI OTKPHITH OKHO TJIO0ATBHBIX MTEPEMEHHBIX.

3.2. B okHE mpocMOTpa IIEMEHTOB packpoiite rpynmmy Substrates u me-
petamurte 3neMeHT STACKUP B 0KHO r1100aNbHBIX ONpeAeIeH .

3.3. IBaxkaer menkauTe 10 dneMeHTy STACKUP, 94TOOB OTKPHITH OK-
HO €0 CBOWCTB.

3.4. Ha Bknanke Material Defs B o6macti Dielectric Definitions mo-
0aBpTe cnoil mmanextpuka Diel 1 ¢ mapamerpamu Er = 3.38 u TanD =
=0.0027. B o6macti Conductor Definitions no6assre MmaTepnan Copper c
napameTpoM Sigma = 58 800 000.

3.5. Ha Bknajake Dielectric Layers nis ciost 1 ¢ matepuanom Air BBe-
aute TojuHy ciiost 4. JloGaBbre ciioit 2 ¢ Toauuoi 0.305 u maTepuaniom
Diel 1.

3.6. Ha Buianke Materials no6asbre marepuan Copper c napamerpamu
Thickness = 0.018 u Material De... = Copper.

Haxmure OK. Tenepb OKHO T100ajibHBIX OINpPEIEIEHUH MOXKHO 3a-
KPBITb.

3.7. Cospaiite cxemy ¢ umenemM DIVIDER. B okue mpocmortpa aie-
MEHTOB packpoiite rpynmy Subcircuits n neperamuTe B OKHO CXEMBbI MOJI-
cxemy Coupler. J[Baxapl HIENKHATE IO JJIEMEHTY IOACXEMBI, U B OKHE
CBOMCTB OTKpoiTe BKIanky Symdol. B cnucke cMMBOIOB HallauTe U OT-
MeTbTe cuMBOa SPLIT2@system.syf n Haxxvute OK. DneMeHT moacxeMbl
Coupler Oyner BRITISIETH, KaK MOKa3aHO Ha puc. 1.2.

SUBCKT
=51
HNET="Coupler™

Puc. 1.2



3.8. B okHe pocMOTpa 3EMEHTOB packpoiTe rpymmy Microstrip u 3a-
TeMm noxarpynmny Coupled Lines. Ileperamurte anement MCLIN n pacno-
JIOXKUTE €r0 PAJIOM C IIEMEHTOM TTOACXEMBI.

3.9. Packpoiite rpynny Components, nepeTaniire B OKHO CXEMBI 3Jie-
meHT TFR u pacnonoxure ero, pazsepHyB Ha 90°, psigoM C 3JIEMEHTOM
MCLIN.

3.10. Packpoiite rpynmy Junctions, neperamure 3nemeHnT MTEEXS B
OKHO CXEMbl U MOAKIIYUTE €ro IJIeYoM 3 K BEpXHEMY KOHIly 3JIEMEHTa
TFR. Ananorn4yno k HiwkHemy KoHiy anemeHTa TFR nogkirounte BTOpOit
anemeHT MTEEXS.

3.11. CoenuHuTe 3JIEMEHTHI, KaK MOKa3aHo Ha puc. 1.3.
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3.12. Beimenute Bce DJIEMEHTHI CXEMBI, KPOME JJIEMEHTA MOJICXEMBI, U
CKOIUPYWUTE WX, MENKHYB 10 3HauKy COpy Ha MaHeIu HHCTPYMEHTOB.

3.13. lllenkHuTe 1Mo 3Hauky Paste Ha maHend MHCTPYMEHTOB M TOJK-
JIIOYUTE CKOMHMPOBAHHYIO YACTh CXEMBI K YK€ MMEIOUICICS, KaK MOKa3aHO
Ha puc. 1.4.



CO3I[aﬁTC CXEMY, KaK MOKa3aHO Ha pHcC.

WTEENS
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Puc. 1.5

3.14. Jo6aBbkTe k cxeme sneMeHT ook MSUB. JBaxkapl IeTKHH-
T€ MO 3TOMYy J3yieMeHTy M BBeaute mapamerpsl Er =3.38, H = 0.305,
T =0.018, Rho =0.7118, TanD = 0.0027 u ErNom = 3.38, Hasxmute OK.

3.15. Jlo6aBbte k cxeme nepemeHHbie. B Tools>TXLine MoxHO omnpe-
JIeTIUTh, YTO YETBEPTh AJMHBI BOJHBI Ha 8 [Tl mpuMepHo paBHa 5.8 MM, a
mMpuHa npoBoAHuKa — npumepHo 0.6 mm. IloaTomy, mienkas mo 3Ha4yKy
Equation Ha maHenu MHCTPYMEHTOB, BBEIWTE CIIEAYIOIIHE NEpEMEHHbIE:
L1=58, L2=58, L3=58, W1=0.3, W2=04, W2=0.5, RS1=100,
RS2 =200 n RS3 = 400.

3.16. Hdpaxnasr menkante mo nepsomy anementy MCLIN u BBeaute
napaMeTpsl W =WI1, S=0.2 u L = L1. AHanoru4Ho Ans BTOPOTO 3JIEMEH-
ta MCLIN BBeante nmapametrpsl W= W2, S =0.2 n L = L2. /Ing Tpersero



anemenTa MCLIN BBemute mapamerpst W =W3, S=0.2 u L =L3. s
yetBepToro asneMeHta MCLIN BBeaute napamerpsl W=0.6, S=0.2 n
L =2. lna neporo anementa TFR Beegute mapamerpst W =02, L=0.2 u
RS =RS1. Jlna Broporo snmementa TFR BBegure mapamerpsr W = 0.2,
L=0.2 u RS=RS2. [Ina tperrero snementa TFR BeennTe mapamerpsr
W=02,L=0.2uRS=RS3.

Z-50.08m

-
- T=Q01Emm-
APo=07115

Puc. 1.6

3.17. Ulenkuute no 3Hauky Tune Tool u Ha3HaubTE 7151 HACTPOUKH BCE
BBEJICHHbIE TNEpEeMEHHbIE. JloMKHA MONYYUThCS CXE€Ma, IOKa3aHHas Ha
puc. 1.6.

4. BoinojiHeHHe aHAIM3a U HACTPOIIKA CXeMbl

4.1. IBaxnasr menkaute mo Project Options, n Ha Bianke Frequen-
cies BBequTe 4acToThl OT 3 m0 13 I'T'y ¢ marom 1 I'T'm.

4.2. Ulenkuute no 3Hauky Add New Graph Ha manenn WHCTPYMEHTOB
W co3aiiTe npsMoyroybHblid rpaduk ¢ umenem LdB.

4.3. lenkuute no 3Hauky Add New Measurement Ha MaHeld UHCT-
pymentoB. B obnactu Measurement Type ormersre Port Parameters, B
obnactu Measurement ormeTbTe S, B mmoje Data Source Name BBeaute
Divider, B nojie To Port Index Beeaute 2, B nojic From Port Index Bse-
nute 1, otmerbTe Mag 1 dB u Haxxmute Apply. B none To Port Index
BBeaute 3 u Haxkmute Apply. B nosne From Port Index Beenute 2, HaxXMu-
te Apply 1 OK. lllenkHuTe o 3Hauky Analyze Ha maHeH HHCTPYMEHTOB.
[Tomygennsiii rpadmk nokaszan Ha puc. 1.7.



LdB —a DB(|S(2,1)])
Y Divider
B £ = 5 25 £ £
5 —= DB(|S(3. 1))
Divider
10 —s— DB([S(3.2)])
Divider
-15
-20
-25
-30
3 S i 9 1 13
Frequency (GHz)
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4.4. llenkuute no 3Hauky Add New Graph Ha naHenu MHCTPYMEHTOB
U co3paiTe npsaMoyroyibHbli rpaduk ¢ umenem KstU.

KstU —— VSWR(‘])
1.8 Divider
- VSWR(2)
Divider
1.6
—a— VSWR(3)
Divider
14
1.2
1
3 5 7 9 1 13
Frequency (GHz)
Puc. 1.8



4.5. B okne Add Measurement BriGepute Linear B cnincke Measure-
ment Type, VSWR B cnucke Measurement; Div — B nosie Data Source
Name; 1 — B none Port Index, cuumurte otmerky dB. Haxxmute Apply.
Beenute 2 B none Port Index u Haxxmute Apply. Beeaute 3 B nosie Port
Index u Haxxmute Apply. Haxxmure OK.

4.6. llenkHute no 3Hauky Analyze Ha maHenu MHCTpyMeHTOB. Ilony-
YeHHBIN rpaduK mokazaH Ha puc. 1.8.

5. HazHayeHue nepeMeHHbIX 1JIs ONTUMM3ALUU

Otkpoiite okHO cxembl. lllenkHute mo nepemenHoit L1 = 5.2 mpaBoii
KHOTIKOW MBIk W BeiOepuTe Properties. B otkpeimiemcs okne Edit
Equation ormetsTe Optimize u Constrain, B none Upper bound BBenute
BEPXHUI Mpesien U3MEHeHUs nepeMeHHoi 6, B mone Lower bound Beenute
HW>)KHHH TIpesieN1 U3MeHeHus nepeMeHHoi 4.5, Haxxmute OK. [l nepemen-
Hoii L2 ycranoBuTe npenens uameHenus 5.5 u 4.5.

Hns nmepemennoit W1 ycraHoBute npenensl usmeHenus 0.35 u 0.25.
s nepemenHoit W2 ycranoBute npesensl usmenenus 0.45 u 0.35.

Hus nepemennoit RS1 ycranosute npenenst namenenus 120 n 80. {ns
nepeMeHHoN RS2 yctanoBuTe npenens! nsmeHenus 230 u 170.

6. JlodaBJjieHMe eI ONTUMM3ALUN

lenkuuTe npaBoil kKHOMKOM MbiLkK o Optimizer Goals u BbiGepuTe
Add Optimizer Goal. Beenute niens s norepb Mexnay miedamu 1 u 2. B
CIIUCKe W3MepseMbIX BeluunH orMmeTbTe Divider:DB(|S2,1]), B o6mactu
Goal Type ormeTsTe Meas=Goal. B none Start BBenute 4, CHIB OTMETKY B
Min. B none Stop BBenute 12, cHAB oTMeTKy B Max. B mone Goal start
BBenuTeE -3.5 (C yU4eTOM HEKOTOPHIX MOTEPH B MpoBOAHMKAX). Haxkmure OK.

CHoBa 1IeJKHUTE TIPaBOi KHOMKOMW MbIIKK 1o Optimizer Goals 1 BbI-
oepure Add Optimizer Goal. /Io6aBbre 1ejb ¢ TAKMMHU YK€ NapameTpaMmu
11t usMepsiemoil BenuuuHel Divider:DB(|S3,1)).

Hdobasbre 1enb ajist u3mepsiemoit Bennuunbl Divider:DB(|S3,2)), . e.
IUIS  Pa3Bsi3KM  BRIXOOHBIX med. B obmactm Goal Type otmersTe
Meas<Goal. B none Goal start Begute -13. /lnana3zoH B 3Toil U BO BceX
CIIEYIOIIUX IEJITX BBOAWTE BCe TOT xke: oT 4 1o 12 I'T.

Job6aBbTe Lenpb U COrlacoBaHUs IO BXOLY, T. €. Ul U3MepseMOil Be-
auunnbl Divider:VSWR(1). B o6unactu Goal Type ormersre Meas<Goal.
B none Goal start Beequte 1.4.

AHajioruyHo n00aBbTE€ LENM Ui COINIACOBAaHUA I10 BbIXogam Di-
vider:VSWR(2) u Divider:VSWR(3).
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I'pynma Optimizer Goals B okHe mpocMoTpa mpoekTa OyAeT BBITIS-
JIeThb, KaK MoKa3aHo Ha puc. 1.9.
= Optimizer Goals

;| DividenDB(|5(3,1)[)=-3.5 [w=1, L=2, Range=4e+006.1.2e+007]
7| DividenDB(|5(3,2)[1<-13 [w=1, L=2, Range=4e+006..1.2e+007]
7| DividenDB(|5(3,2)[)=-3.5 [w=1, L=2, Range=4e+006.1.2e+007]
|| DividerVSWR(1)<14 [w=1, L=2, Range=4e+006.1.2e+007]

|| DividerVSWR(2)<14 [w=1, L=2, Range=4e+006.1.22+007]

|| DividerVSWR(3)<14 [w=1, L=2, Range=4e+006.1.22+007]

Puc. 1.9

Ortkpoiite okHo rpapuka K, , u BbiOepure B MeHio Simulate=Opti-

mize. B oTkpbIBIIEMcsl oKHe HaxkxMuTe Start. Haunetcs mporecc ontumu-
3aLUN.

Otxkpoiite cxemy Divider. [TlomydenHsle nociie oNTUMH3alNK apaMeT-
PBI CBS3aHHBIX JIMHUAN M PE3UCTOPOB Moka3aHsl Ha puc. 1.10.

L1=56 W1=03  RS1=98
L2=49 W2=04  RS2=190
Puc. 1.10

OTkpoiiTe 0OKHO cTpYKTypbl Div. Y manurte Bce MOpTHI M MPUMBIKAIOLITIE
K HAM OTPE3KH JIMHUI 10 pedepeHCHBIX MIOCKOCTeH. Y aamuTe TOMOJOTH-
YeCKUe 3JIEMEHTHI, cooTBeTcTBYIOmMKE 3neMeHTaM MTEEXS, pacnonoxen-
HBIe HaJ pe3ncropamu. CABMHBTE MPOBOAHUKH TaK, YTOOBI MEXIy HUMH He
0610 3a30poB. CABHHBTE PE3UCTOPHI TaK, YTOOBI OHU PaCIONIaTajHuCh, KaK
mokazano Ha puc. 1.11. O6parure BHEManHHe, 4To 3MeMeHTH TFR mmeror
HeOOJIbIlINe KOHTAKTHbIE IUIOLIAJIKK, KOTOPble BUJHBI Ha CTPYKType HpHU
OonpLIOM YBeNWYEHUH »3JeMeHTa pesucropa. [lepeaBurate pe3ucTopbl
HY)XKHO ¢ 3TuMHM 1uiomagkamu. OTkpoiite okHO cTpykTypsl Coupler, Bbige-
JUTE 3Ty CTPYKTYpYy ¥ CKONMpYWTE ee, MENKHYB 1o 3HauKy Copy Ha maHe-
71 UHCTPYMEHTOB. OTKpoiTe OKHO CTPYKTyphl Div, BcTaBbTE CKONMMpPOBaH-
HYI0 CTPYKTYpPY H MOAKIIOUUTE €€ K BXOHy HAEIHUTENs, KaKk IOKa3aHO Ha
puc. 1.11.
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Puc. 1.11

W3menute pasmepsl Kopiyca, 4TOObl BIHMCAaTh B HErO IOJYYEHHYIO
cTpyktypy (X_Dim=15, Y_Dim=3).

LdB —a— DB(|S(2,1)])
0 Divider
i = i = e = £ = 5 DB(SE, DD
Divider
-10
—s— DB(]|S(3.2)])
Divider
-20
-30
-40
3 5 7 9 11 13
Frequency (GHz)
Puc. 1.12
KstU —=— VSWR(1)
1.8 Divider
= VSWR(2)
Divider
1.6
—— WSWR(3)
Divider
1.4
1.2
1
3 5 T 9 11 13

Frequency (GHz)

Puc. 1.13
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Ha Bximagke Material Defs cBoiictB kopmyca B obmactu Impedance
Definitions no6aBsTe MaTepuansl Resl, Res2 ¢ conmporuBieHreM Ha KBa/l-
pat 100, 200 Om cooTBercTBeHHO. Ha Brimanke Materials B cronbue Name
nobaBeTe Resl, Res2 ¢ matepuanamu B cron6iie Material De... Resl, Res2.
Beigenure BCIO TOMOJOTHMIO CO3JIaHHOM CTPYKTYpPbI, LICJIKHUTE MpaBOil
KHOTIKOIM MBILIKH 10 J1000MY BBIAEIEHHOMY 3JIeMEeHTy U BbiOepuTe Shape
Properties. B mone EM Layer Benute 2, B none Material Beennte Cop-
per, 4TOOBI BCEM 3JIEMEHTaM, BKIIIOYas OOKJIAJAKH PE3UCTOPOB, HA3HAYHUTh
Marepuan Menib. lIeaKkHUTE O NepBOMY PE3UCTOPY JIEBOM KHOMKOMN MBIILIKH
v 3aTeM npaBoi kHonkoi. Beioepure Shape Properties u B none Material
BBeauTre Resl. AHanornyHo asi BTOPOTO pe3UCTOpa Ha3sHAYbTE€ MaTe-
puan Res2.

Illenkuute no 3Hauky Analyze Ha naHelId UHCTPYMEHTOB. IloyueHHbIe
rpaduku rnoxasansl Ha puc. 1.12 u 1.13.

3akirouyeHue

B pesynbraTe BRIONHEHHWS NaHHOW J1aOOpPaTOpHON pabOTHl MOTydYeH
JIEIIUTENIb MOIHOCTH B MHKPOIIOJIOCKOBOM HCHOJHEHUH. [lomydensl yac-
TOTHBIE XapaKTePUCTHKU CIPOEKTUPOBAHHOW CXEMBI, IPOBEICHA WX OITH-
musanus. Ilynpcanuu XapakTepucTuku K, He IPEBBIIIAIOT 33JaHHOIO

ypoBHs (K = 1,4) m He BBIXOIAT 3a JOIyCTHUMBIA AWMAma3oH 4acToT (Af =
=4...12 I'Tu). HeuneansHoctp rpaduka koddhduureHTa nepejaud no Ha-
MPSDKEHUIO OT UCTOYHUKA CHTHANIA B HATPY3KY |S,1| OT YaCTOTHI 3aBUCUT OT
XapakTepuctuku K, .

Copep:xkanue padoTbl

1. Llenb paGoTHI.

2. KoHCTpyKIMs IeaUTENs.

3. Pe3ynbTar MOJAENUpOBaHUS JENUTENS C XapaKTepUCTUKAMHU MO 3a/a-
HUIO MPENOIaBaTessl.

4. BeiBogpl o paboTe, pe3yiabTaThl ONTUMH3AINH, PEKOMEHIAINH 110
MPOEKTUPOBAHUIO JIETNTENEH, BEISIBIEHNE (aKkTOPOB, Hanbosee BIMAIOMNX
Ha apaMeTphl IeTUTeN .

13



KOHTPOJIbele BOIIPOCHI AJifl 3alIUThI

1. Ha xakux 9acToTax MPUMEHSIOT TOJIOCKOBBIC JIETUTENN (CyMMaTOPHI)
MOIIIHOCTH?

2. I'ne MpUMEHSIOT AeMUTENN M CyMMaTOPbl MOIITHOCTH?

3. OCHOBHBIE pacueTHbIE COOTHOLICHMUS.

4. Yemy pasen mapametp K?

Cnucok autepatypbl

1. Hanunos B.C. Muxkpoanektponnka CBY: y4e6. mocobue / C.B. [la-
HuoB. — HoBocubupcek: M3a-so HI'TY, 2007. — 292 c. (Cepust yueOHUKH
HI'TY).

2. Vuebnwie marepuanst kapeapst KTPC B anextpontom Buae [S:\ Kor-
javin\LR_ACAD] Microwave Office 2001.ppt. (Ha3sHauenne, BO3MOXHO-
CTH, CO3/IaHNE CXEM M IpauKOB, HACTPOWKA W OTITUMHU3ALHS CXEM).



JIABOPATOPHA PABOTA Ne 2

MOJAEJINPOBAHUE MUKPOITIOJIOCKOBOI'O
OTBETBUTEJISA JIAHI'E

Llenb padoThl: O3HAKOMUTHLCS M MOJIYUYUTh NMPAKTUYECKHE HABBIKHM pe-
LIEHHs 3a7a4 MOJAEIMPOBaHMS MHUKPOIIOJIOCKOBOIO OTBETBUTENA JlaHre c
ucrolib3oBaHueM Microwave.

ITocranoBka 3axa4n

B otsetBuTene JlaHre ucnonp3yercs CTpyKTypa Ha BCTPEYHBIX MOJOC-
Kax ¢ rmepeMbrakaMiu. [Ipr M3roTOBIIEHNN TAaKOTO OTBETBUTENS HEOOXOINMO
CTPOTO COOJNIONIaTh CAMMETPHIO OTHOCHTENbHO oceld XX' n YY'. dazoBkie
CKOPOCTH Y€THOW W HEYETHON MOJl B TaKMX CBA3aHHBIX JMHHUSIX YACTHYHO
BBIPAaBHHUBAIOTCA H3-3a CUMMETPHHM CXEMBI, YTO W MO3BOJAET JOCTUraTh
NPUMEPHO OKTaBHOM paboueii nosiockl. [Tpuyem npu oxHON U TOH K€ Beu-
yrHe Ko3dduimenTa cBA3U 3a30pbl MEXIY NPOBOAHUKAMH B OTBETBHUTENE
Jlanre cyuiectBeHHO 0oJibllie, YeM B OOBIYHOM OTBETBHUTENE HA CBSI3aHHBIX
TMHUSX ¢ OOKOBOHW CBSA3bI0. B mMpeanbHOM ciiydae CO€AMHWTENBHbBIE Tiepe-
MBIYKH JOJKHBI 001a7aTh HyJIeBOW MHAYKTHBHOCTBIO M BHOCHTBH NpEHEO-
peXMMO MaJyl0 HEOTHOPOIAHOCTH, T. €. He0OXOaMMa MUHMMAaIbHAs UIMHA
MEpEeMBIYEK, NPUYEM A YMEHBIIEHUS MHIYKTHUBHOCTH IEpPEMBIUKaA Jela-
€TCsl U3 HECKOJIbKMX IIPOBOIHUKOB.

B kauectBe mpumepa B HacTosied paboTe HEOOXOIUMO BBIIONHUTD
MOJIETIMPOBAaHME MHUKPOIIOJOCKOBOTO OTBETBUTENS JlaHre, KOTOpBI nmeer
BOJIHOBOE CONMPOTHBJICHHE MUTAIOWMX JnHKI 50 OM, kooduumeHT caszu
S =-10 gb, . e. C = 0,3162. Ilomnoxka TommuHok 0,254 MM BEITTOJTHEHA
u3 audJieKTpuka ¢ €, = 2,23. Tommuna monocku ¢ = 0,017 MM, pabouas gac-
Tota cocTtasnsgetr 10 [T

Oo0mmue nojioxxeHus

Hanpaenennstii omeemeumesp — yCTPOUCTBO, Cllyxaulee sl OTBETB-
JIeHHUs U3 OCHOBHOTO BBICOKOYACTOTHOTO TPAaKTa YAaCTH MOIIIHOCTH OJTHOH W3
JBYX O€ryuux BOJIH, PACHPOCTPAHSIOLIMXCS 10 JMHUM B MPOTHBONOJIOXK-
HBIX HAINPaBJICHUSIX: MAJAI0IIEH WITH OTPAKEHHON BOJTH.
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I'maBHOE Ha3HaueHWE OTBETBHTENEH — HANPABIEHHO OTBETBISTH HEKOTO-
PYIO 4acTh BEICOKOYACTOTHOM MOIIIHOCTH U3 OCHOBHOT'O TPaKTa BO BCIIOMOTa-
TenbHBIA. OCOOCHHOCTH 3TOTO MPUOOPa COCTOUT B TOM, UYTO OH pearupyeT Ha
BOJIHY TOJBKO OAHOTO HamNpaBJeHH, T. €. TOJIbKO Ha MAJAlOIIy0 WIH OTpa-
JKEHHYIO BOJIHY B OCHOBHOM TpakTe. Ero pabota ocHOBaHa Ha BO30OYKICHUH
BO BTOPHYHOM TpaKTe JIBYX BOJIH, CMEIIEHHBIX MO (ha3e Tak, YTO aMILTATYIbI
BOJIH, PACMpPOCTPAHSIOUINXCS B JKEIaeMOM HaIpaBJeHWH, WHTEphepupys,
CYMMHPYIOTCS, @ B HEXKEJIAaeMOM — B3aIMHO KOMIIEHCUPYIOTCSI.

HecmoTpst Ha TO 4TO HampaBlIeHHBIE OTBETBUTENH, 1O CYTH, BCErna pe-
HIAI0T O/IHY M Ty JK€ 3a7ady — OTBETBIIAIOT HEKOTOPYIO 4acTh DHEPrHUM OC-
HOBHOH JIMHUM NE€peJauyyd BO BCIIOMOTaTENbHYIO JIMHUIO, — UX IPUMEHEHUE B
texHuke CBY Becbma MHOrooOpasHo. HarnpasiieHHble OTBETBUTENN UCIIOJIb-
3YIOTCS: Ul TOJIyYEHUS Pa3BsA3KU MEXIY FeHepaTopaMmH MpU BKIOYEHHUU B
OCHOBHYIO JIMHHIO TI€PEJaul JIOMOJHUTEIBHOTO MCTOYHMKA BBICOKOYACTOT-
HBIX KOJIeOaHWil; Py BKIIIOYEHWH TeTepo/IMHA B CYNEepreTepOJUHHOM MpH-
€MHUKE; /ISl TI0JIyYeHUsI HeOOXOMMbIX aMIUIMTYAHBIX M ()a30BbIX COOTHO-
LOIEHUA MEXIy CHUTHaJIOM B OCHOBHOM M BO BCIIOMOTaTENIbHON JUHHUU
(mampuMep: B TpexAeINOeNbHBIX MIENEBBIX MOCTAX, [UIS OMPEIeTIeHNs Bellu-
YMHBI MIPOXOAIIel MOIIHOCTH, Ko3(duInenTa crosdeld BOMHBI, IS Iepe-
MEHHOW CBSI3M ¢ OCHOBHOM JIMHUEH Tepenad u T. 11.).

ITapameTpsl HANPaBJIEHHBIX OTBETBUTEJIEH

Hanpagnenusie oreerBuresnin (HO) nro0oro tuna npuHATO XapakTepu-
30BaTh CIIEAYIOUIMMHU TapaMeTpaMH: MEPEXOAHBIM OcialleHHueM, Harpas-
JICHHOCTBIO, Pa3BA3KOW, OamaHCcOM BBIXOAHBIX TUIEY, COTJIACOBAaHWEM TuIeY
OTBETBHUTEINS C MOABOAAIINMHU (PUAECPHBIMU JTUHUSAMHE, paboynM ociabieHu-
€M B TICpBUYHON JIMHHUHU, (Pa30BBIMH COOTHOIICHHUSMH Uil HANPSDKEHUH B
BBIXOJHBIX IUI€Yax, JrUana3oHoM yactot. O6o0meHHas cxema HO, koTopsrii
B O0mIeM cllydae MpeicTaBisieT cO0Oi MOTHOCThIO COTJIACOBAHHBINA BOCH-
MUIIONIOCHUK, TpeNCcTaBlIeHa Ha puc. 2.1.

-— ———8
1 ) ]z 3
LA OGmactb ¢
CBsI3U
Puc. 2.1
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Ecmm ma Bxon 1 BocemumomtocHuka mocrtynaer CBU-momrHOCTE Py, TO
Ha BBIXOJT 3 OCHOBHOT'O TpaKTa MOCTYIUT MOIIHOCTh P3, a Ha BBIXOJBI 2 U 4
BCIIOMOTATEJIbHOTO TpakTa — COOTBETCTBEHHO P, u P, . Ha puc. 2.2 npen-
CTaBJICHBI HAIlpaBJICHHbIE OTBETBUTENH C TPEMsI TUIIAMH HANPABIEHHOCTH.

1 P P *3

*——— t——@
1 Tun

2 %4

.*PZ P4r—’—.

e P
2 TUII

2 *4

— P p

1 Pl P ®3

— L o
3 Tnm

2T Y

P, P e

Puc. 2.2

Ilepexoonoe ocnabnenue onpenensercs, Kak OTHOUIEHHWE BXOIHOMN
MOIIIHOCTY OCHOBHOW JIMHUM K BBIXOJHOM MOIIHOCTH padouero meya
BCTIOMOTaTeNbHON JTHHUH. BEIpakaeTcs oObraHO B aenmbernax. Hampumep,
JUIsi OTBETBUTEJISI, W300paKeHHOro Ha puc. 2.2, 1-if Tun, nepexogHoe oc-
nabeHne BEIYUCIETCS 0 hopMyIie

P
C.o=101g"" [1B].

4

INepexonHoe ocnabiieHWe 3aBUCUT OT Pa3MEPOB, YHCIIA, MOJIOKEHHS M
TUTIOB 3JIEMEHTOB CBSI3W, a TAaK)Xe OT YACTOTHI. [IPUHIUMHAIBHO MOXHO
o0ecrevnTh JIIO0YI0 BEJIMYMHY MEPEXOJHOT0 OCIa0JIEHHs OT OUYeHb MaJbIX
3HAYCHUil BIJIOTH 10 OECKOHEYHO OONBININX. B 3aBUCUMOCTH OT MepeX0THO-
ro ocnabienuss C HampaBJeHHbIE OTBETBUTENM JENSTCS HAa YCTPOWCTBA ¢
cuneHOU (C = 0...10 aB) u cmaboit (C > 10 nb) cBszplo. HampaBneHnsle
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OTBETBHUTEJIM, WUMEIOIINE PABHBIE MOITHOCTH B BBIXOAHBIX Miedax (C =
= 3,01 nb), BEIIETCHBI B OCOOBIN KiTacc COeMHEHNI, Ha3bIBAEMBIN TpeXie-
nnbenpHbie (— 3 n1b) HampaBIeHABIE OTBETBUTEIH, UJIH MOCTHI.

Hanpasnennocmuplo Ha3bIBa€TCSd OTHOIIECHUE MOIIHOCTEH Ha BBIXOJE
pabodero u Hepabodero Iuied BCcrioMorarenbHoi auHun. s puc. 2.2, mep-
BBIU THUII:

P,
N, =101gF4 [nB].

2

HampaBieHHOCTD HeanbHOTO HANpaBJIECHHOTO OTBETBHTENA paBHa Oec-
KOHeuHOCTU. Yem 00Jibllie HANPABACHHOCTh OTBETBUTEIISA, TEM BbILIC €r0
KadecTBO. OTBETBHUTENb TaKkKe HODKEH 00JamaTh IMTHPOKOIOJIOCHBIMH
CBOMCTBaMHU, T. €. YTOObI HAMPABJICHHOCTh BO3MOXKHO MEHbBIIIC 3aBHCE/A OT
paboueii gacToThl. HampaBieHHOCTh BOCHBMHIIOIIOCHHKA MOXKET OBITH IIO-
JIO)KUTEJIbHOM, OTPULATE]bHON WJIM HYJIEBOM, KOrJa BO BCIIOMOIaTejbHOMN
JIMHUM B pazHble CTOPOHBI OT OCHOBHOM JIMHWUHU CBSI3U PacCIpOCTPaHSIOTCS
BOJIHBI PAaBHOU aMILUIATY JIBI.

Pa3zeaska onpenensieTcsl Kak OTHOIIEHUWE BXOHON MOIIIHOCTH OCHOBHOM
JUHUU K BBIXOJHOW MOIMHOCTH HEpabOYero mjieda BCIIOMOTATEIHHOW JIH-
Huu. Jlns puc. 2.2, nepBbId TUI:

P
L,=10 lgFl [nB],

2
nJIn

L, =C,[nb]+ N, [nb].

banancom BXOAHBIX IJIeY HA3bIBAETCS OTHOLIEHHE MOLIHOCTEW Ha BbI-
X0/l OCHOBHOH JIMHMM M Pa0OYero rmjeda BCHOMOraTesibHOM jauHuu. Jljst
puc. 2.2, nepBblil TUII:

P,
_ 3
B,,=101g— [nb].
P,
Pabouee ocnabnenue ¢ nepeuuHOil JTUHUN OTIPENEISICTCS OTHOIICHUEM
MOIIIHOCTEH Ha BXOJI€ ¥ BBIXO/I€ OCHOBHOM TMHUM. [{11d puc. 2.2, mepBblil TUM:

P
A; =101g-L [2B].

3
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st onpeneneHust AMaNa3oOHHbIX CBOMCTB HANPaBJIEHHOTO OTBETBUTEIS
OCHOBHBIE XapaKTEPUCTUKU OTPeAeNSIOTCS KaKk (PYHKIIUU 9acTOTH (ITHHBI
BOJIHBI).

Coznacoeanue HO c BXOOHON MoABOIALIEH NTUHUEH XapaKTepU3yeTcs
KCBH, n3mepsieMbIM CO CTOPOHBI BXOHOTO TJieYa HAMpPaBIEHHOTO OTBET-
BUTEIIS, KOTJAa K OCTaNbHBIM IJIeYaM MOJKIIOYEHBI COTJIaCOBaHHBIE HArpy3-
k. Bemmunna KCBH HampaBiIieHHOTO OTBETBUTENS XapaKTepU3yeT HCKa-
JKEHHWEe TOJs B OCHOBHOM TpaKTe€ U3-3a HAJIW4YUA JJIEMEHTOB CBA3U.
AmnanornunsiM ob6pazom omnpenenstor 1 KCBH mieua BcromorarensHOTO
tpakra HO. [ToJaHOMY OTpa)XeHHUIO OT Harpy3Ku COOTBETCTBYET OECKOHEUHO
oonpimoii KCBH. Pexxum mmeanbHOTO COTrTacoBaHHUS C Harpy3KOHM XapakTe-
pusyercs BennunHoi KCBH, paBHo# enunune.

IHopsinok BbINoOJIHEHUS PA0OTHI

Co3nanue cxeMbl 1 aHAJIU3 oTBeTBUTEH JlaHre

1. Co3nanne HOBOTO NMPOEKTA

1.1. Bwi6epure File — NewProject.

1.2. BeibeputeFile - SaveProjectAs. OTkpbIBaeTcs 11an0oroBoe OKHO.

1.3. CraanaptaeiM ansg Windows crioco6oM BBIOEpHTE IANIKy M BBE-
auTe nMs poekTa (Hanpumep, “Otvetvit”) u menkaurte Ha Save.

2. Onpenenenne eANHAI U3MEPEHHUS H YaCTOT MPOEKTA

2.1. BeiOepure B meHio Options>Project. J[Baxibl LICJKHUTE MbILiI-
kol o Project>Options B 1eBoM OkHe MpoekTa. OTKpOoeTCs MUasoroBoe
okHO Project>Options.

2.2. B oTkpmIBLIEMCS OKHE OMIMI MpoekTa oTKpoiTe BKIaaky Glo-
bal>Options u onpenenure riodajibHbIe €IMHULIBI U3MEPEHUS, KaK MOKa3a-
HO Ha puc. 2.3.

2.3. Orxpoiite Bkinaaky Frequencies. Beegure 1 B mone Start, 10 B
none Stop, 0,05 B mone Step. OtmeTsTe Replace n Haxxmute Apply. [ua-
Ma30H 4acToT oToOpaxaercs B okHe crircka CurrentRange, kak moka3aHo
Ha puc. 2.4.

3. Pa3meuenue 3/1eMeHTOB B OKHE CXeMbl

3.1. IlomecTHTe 3eMEHT TOIOXKKH B TI00ANBHBIE ONpeeIeHHs, OT-
KyJa OH OyJIeT TOCTYIICH ISl BCEX CXEM.

3.1.1. B oknHe mpocmoTpa mpoekTa nBaxasl menkaute no GlobalDefini-
tions, OTKpoeTCst OKHO TII00aTBHBIX ONpeaeTIeHHIA.
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Project Options

| |nterpolatian I Fiaw D ata Format | Data Files
| Frequencies I Schematics/Diagrams | Global Units
Frequency Resiztance
Power
[GHz = [obm E .
Angle Conductahice E
Deg B [ E | .
Temperature Inductance -
dBm =
T = 5
Time Capacitance Length
|ns ||? |DF ||? Metric units
Yoltage Current leq Y
lv = [ma =
’ ak ] ’ OTmeHa ] [ Cnpaeka ]
Puc. 2.3
Project Options
| Interpolation 1 Faw D ata Format [ D ata Files |
Frequencies | S chematics/Diagrams [ Global Urits |
Current R ange M odify Range
1 - Start [GHz]
15 1 1 [ Single point
5_5 Stop [GHz] (O add
;. O el
4 Step (GHz] (@ Replace
45 1 0.05
5 Apply
55
g 5 7 Sweep Type [1ata Entry Units
y (%) Linear I?
Delete Selected O Exponential Dioes not affect global units
[ QK ] [ OTrdeHa ] ’ Cnpaeka
Puc. 2.4
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3.1.2. OTKpoiiTe OKHO IPOCMOTpa 3JIEMEHTOB, IIEJIKHYB MBILIIKOW IO
Briagke Elements, B HUKHElW 9acTH JIEBOTO OKHA.

3.1.3. llenxHnute mbinko# no rpymme Substrates, 4ToObl 0TOOPa3UTH
3JIEMEHTHI TTOITIOXKEK.

3.1.4. leperamure 3nemenT MSUB B OKHO ITOOaNBHBIX ONpeeeHUN
U IIEJKHUTE JICBOW KHOMKOW MBIIIKH, YTOOBI 3aKPEIUTH €rO.

3.1.5. IBaxxasl mienkHuTe Mblikoi mo snementy MSUB, U B OTKpBIB-
ImeMcsl OKHE CBOMCTB d3JieMeHTa BBeaute: €, = 2,23; h = 0,254 mm; ¢=
=0,017 mm; Tand = 0,001; ¢.Nom = 2,23. Haxxmure OK.

3.2. Temepp co3mamuM cxemy OTBeTBUTeNs Jlanre. DTa cxema OyneT
COCTOSITh TONBKO W3 OJHOTO 3JIeMEHTa, ee OyJeM WCIONbh30BaTh, YTOOBI
NpPaBUIbHO NOJ00paTh 3HAYEHUSI IAPaMETPOB ATOTO JIEMEHTA.

3.2.1.1llenkHuTe MBIMIKON Mo 3Hauky NewSchematicHa naHenum WHCT-
PYMEHTOB U co3zaiite cxemy ¢ umeHeM LangeCoupler.

3.2.2.B oKkHEe mpocMOTpa 3JIEMEHTOB packpoiite rpymnmy Microstrip u
HIETKHUTE MBIIIKOH no nmoarpymnmne PwrDivider.

3.2.3.Ilepetamute B okHO cxeMbl MLANGE u menkuauTe neBoil KHOI-
KOU MBIIIKH, YTOObI 3aKPEIUTh €r0.

3.3. IlenkHuTe MBIIIKOHN Mo 3HaUKy Port Ha maHeIu MHCTPYMEHTOB U
nonkmtounTe nopT K miedy 1 sneMenta MLANGE. Ananornyso nogxmo-
YUTE MOPT K miedy 2. 3aTeM NOJKIIYMUTE NMOPTHI K miedam 3 u 4, aBa pasza
[ienKasi MBIIIKOH, 4TOOBI pa3BepHyTh 3TH mopTel Ha 180°. ITomyuennas
cxeMa Moka3aHa Ha puc. 2.5.

MLANGE
... . . _Ib=TLl1
PORT .= . - N=4
P=1 - - - . W=1 mm
Z=50 Ohm- - 9=1mm.

L=10 mm

PORT -
P=4
Z=50 Ohm

Puc. 2.5
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Ilenknute melmkoi no 31Hauky TuneTool Ha maHenn MHCTPYMEHTOB H,
nienKas MBIKON, HazHaybTe mapameTpsl W, S u L anmementa MLANGE
JUIsl HACTPOMKHU.

4. I'eHepauusi BbIXOJHOI0 rpauka

[{enxHauTe MbIKo# no 3Hauky NewGraph Ha maHenn WHCTPYMEHTOB U
coznaiite rpaduk ¢ umeHem LangeCouplerSParameters.

OTkpoiiTe OKHO MPOCMOTpa TMPOEKTA, IIEIKHYB MBIIIKON IO TaHEeH
Projects neBoil HM>KHEN YacTHU OKHA.

L{enxHuTE MpaBON KHOMKOW MBIIIKK 1T0 MIMEHW CO3JaHHOTO Trpaduka B
OKHe npocMoTpa npoekra u Boioepute AddMeasurement. B oTkpbiBuieMcs
okHe B oonact MeasType ormersTe Linear>PortParameters, B o0nactu
Measurement ormetsTe S, B osie DataSourceName Beenure LangeCou-
pler, B nosnisi ToPortIndexu FromPortIndex Beenute 1, otmetbTe dB 1
naxmute Apply. 3atem B nonie ToPortIndex nmoouepenno Beenute 2,3 u 4,
HaxuMas nociie kaxaoro seoga Apply. Haxmure OK. HaxmuTe no 3Hau-
Ky Analyze Ha naHeau UHCTPYMEHTOB.

—&— DEBE(S(1.1]]) —— DE(=(3.11
Lange Coupler Lange Coupler

-=- DE{=(2.1]) —=-DB(SE4.10
Lange Coupler Lange Coupler

Lange Coupler S Parameters

-20

-30

-50
1 3 5 7 9 10
Frequency (GHz)

Puc. 2.6
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UTo06b! MpSAMOYTOJIBHUK C O0O3HAUYEHUSIMH HM3MEPSEMBIX BEIMYWH Ha
rpaduke He 3aTEeMHSUI XapaKTePUCTUKH, YCTAHOBUTE Kypcop Ha 3TOT Tps-
MOYTOJIBHUK, HAXXMUTE JIEBYIO KHOIKY MBILIKU U MIEPEMECTUTE ITOT MPSMO-
VTOJNBHUK BBIIIIE CXEMBI. 3aTeM YCTaHOBUTE Kypcop Ha POMOWK TocepennHe
JIEBOI CTOPOHBI MPSIMOYTOJbHUKA U CABUHBTE 3Ty CTOPOHY 10 JIEBOTO Kpas
rpaduka. AHAJIOTHYHO CIIBUHBTE MPaBYIO CTPOHY MPSMOYTONBHAKA JI0 TIpa-
BOTO Kpas rpaduka. [loMmecTiTe momydeHHBIH HOBBIA MPSIMOYTONBHUK HaJ
rpadWKoOM U IIeNKHUTE 1o 3HaUKy ViewAll Ha maHem HHCTPYMEHTOB.

Ilenkuute no 3Hauky Tune Ha NaHeNM UHCTPYMEHTOB W, IBUras IBHXK-
KU NEPEMEHHBIX Ha OJIOKE HACTPOMKH, JOOEHTECh HY)KHOW XapaKTepUCTUKU
(puc. 2.6). 3akpoiiTe 0OJOK HACTPOWKH, W, IICTKHYB MBIIIKOW IO 3HAYKY
TuneTool Ha naHeaM UHCTPYMEHTOB, OTMEHUTE HACTPOUKY JUIsi EPEMEH-
HeIX W, S 1 L anementa MLANGE.

B pesyisibraTe MopeaupoOBaHMs MOJYyYUM OTBETBUTE/Ib, IOKA3AHHbINA Ha
puc. 2.7.

MLANGE
- ID=TLt
PORT N=4
P=1 . - W=0.89 mm
z=50 Ohm ~ S70.5mm
L=6 mm

Puc. 2.7

4. BbinoJiHeHHe pacyeTa
PaccuuTaiiTe BOJTHOBbBIE COMPOTUBIICHUS ISl Y4eTHOM U HEUETHOU MO/I.
1 3TOr0 HEOOXOAUMO OTIPEAEITUTH ¢:
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g =[C+(1-CP)k-1) |;

1-C (k-1)(1+q) ‘
NI+ C (C+q)+(k-1D(1-C)°

__Z.(C+q)
" [k-Da-0)]

T/ie kK — 9UCII0 OTPE3KOB JIMHUI CBSI3U B OTBETBUTEIIE.
Wcnonp3ys cripaBodHyIO JUTEPATYpPY, I PACCUUTAHHBIX CONPOTHBIIE-

. w S
HUA Z, U Z, HaxOIUM OTHOLIEHHS e u—.

h

OnpenenuB MKUPUHY MTPOBOJHUKOB M 3a30pbl MEXIy HUMH, HAUTH (u-
3WUYECKy0 JUIMHY oTBeTBUTeNs /. OHa paBHA YETBEPTH UIMHBI BOJHEI B JIU-
HUM Ha CaMOW HMXKHEH yacToTe paboyero auana3oHa.

JiHa OTpe3KOB CBS3M /[, OTBETBUTENS BHIOMpPAETCS PaBHOW YeTBEpTH
JUIMHBI BOJIHbI, BBIYMCJISIEMON U€pe3 CPeAHEE 3HAUEHUE JIsl IJIMH BOJIH YET-
HOW M HEYETHOHN MOJI, HO y>Ke Ha BEICIIEel 9acToTe pabodero nuana3oHa oT-
BCTBUTCIIA.

Copep:xkanue padoTbl

1. O3HaKOMBTECH C MOPSAKOM BBITIONHEHHS PaOOTHI.

2. BezoBuTe mporpammy Microwave 1 pemnTe MOCTaBICHHYIO 3a7ady
0 3aJIJaHHIO TpenogaBaTens.

3. CocraBbTe OTYET O MPOAETAHHON paboTe, B KOTOPBIN JOIDKHBI BOMTH:

— PUCYHOK MOJEIUPYEMOM cXeMbl OTBeTBUTENA JlaHre;
WCXOJHBIE TaHHBIE N pe3yJIbTaThl pellleHns 3aJaun Ha OBM;

— (opMynBl W pacdeTsl, ONpeleNsoUINe TMapaMeTpsl HampaBIeHHOTO
OTBCTBUTCIIA,

— rpadMKyd YacTOTHBIX XapaKTEPUCTHUK IapamMeTpoB HANpPaBJICHHOIO
OTBETBUTES;

— BBIBOJBI 110 paboTe 1 OLIEHKA IOJTy4Y€HHbIX Pe3yJIbTaTOB.

KoHTpoJbHBbIE BONPOCHI

1. Kakumu cBoiicrBamu 00s1ajaeT HarpaBieHHbI OTBETBUTEIb?
2. Kakue Tvnbl HanpaBpieHHOCTH Bbl 3HaeTe?

24



3. Kakue mapameTpsl XapakTepr3yIOT HalpaBIeHHBIH OTBETBUTENH?

4. Kak moanMatb HO co crma6oii cBs3bto 1 HO ¢ cuibHOIM cBS3b10?

5. Ot 4ero 3aBHWCHT MEPEXOJHOE OCIIA0JICHHUE JJIEMEHTA CBSI3M M YeM
oTpesieNsieTcs ero ONTUMabEHOE 3HaUeHHe?

6. KakoBO yCTpONCTBO M MPHWHIIWI JCHCTBYS HANPABJICHHOTO OTBETBU-
Tens?

7. B uem oTiIMune HAMPaBJICHHBIX M HEHANPABICHHBIX JJIEMEHTOB CBSI-
3u?

8. [IpuBemuTe TUMMMYHBIC CIIyYaW IPUMECHECHWS HAITPABICHHBIX OTBETBU-
TeJei.

Cnucok JuTepaTypbl

1. lanunos B.C. Muxkpoanekrporanka CBY: y4ue6. mocobue / C.B. [la-
HuioB. — Hoocubupck: Uzn-so HI'TY, 2007. — 292 ¢. (Cepust «YueOHUKM
HI'TY»).

2. /Imumpues E.E. OcHoBbl mojaenupoBanusi B MicrowaveOffice /
E.E. Amutpues. — 2009, 2011. — 175 c.

3. Kopoarcasun H.M. CATIP pagno31eKTpOHHbBIX CPENCTB: KypC JeKUui /
H.N. KopxxaBuH. — HoBocubupck: M3n-so HI'TY, 2012.



JIABOPATOPHAA PABOTA Ne 3

MOJAEJIUPOBAHUE KOPOTKO3AMKHYTOI'O
HJIEUDA

Lenb padoThl: 03HAKOMHUTHCSA W MOTYYUTH NMPAKTHYECKHE HABBIKH MO-
JIENIMPOBaHUSl KOPOTKO3aMKHYTOTO OTpe3Ka MHKPOIIOJOCKOBOW JIMHUU B
MicroWave Office. PemuTs mocraBieHHyO IperoaBaTelieM 3a1ady ¢ Io-
motmeio MWO.

Hlneiidgni. O0mue MoI0KeHU

netihoM Ha3bIBaeTCs KOPOTKO3AMKHYTbIM WJIM PA30MKHYTbIH Ha KOH-
1€ OTPE30K JIMHUU, KOTOPBIH SIBJISETCSI OTBETBIICHUEM OCHOBHOM JIMHUMU.

CorlacoBaHue CONPOTHUBIIEHUI OTpPe3KaMH JIMHUU, KOPOTKO3aMKHY ThIMU
WM Pa3OMKHYTHIMH Ha KOHIIAX, €CTb COIVIACOBAHHUE LIENEH ¢ pacrpesielieH-
HBIMHU TlapameTpamu (puc. 3.1). OnuHounsni nuteid (puc. 3.1, a) moakiroya-
€TCsl Ha PACCTOSTHUY / OT HArpy3KH MapauIeIbHO OCHOBHOW JIMHUH MEPEIayn.
Bech pacuer ynoOnee Bectn B mpoBoauMoctsix. CormnacoBanme obecrednBa-
eTcsl, ecny LUIed( MNOAKIYUTh Ha TaKOM PAacCTOSHUHU / OT HarpyskH, rue
HOPMHUPOBaHHAs! BXOJHAsl MPOBOAUMOCTh JIMHUU OyleT paBHa HOPMHPOBaH-
HOM NIPOBOAKMMOCTH Harpy3Kd, T. €. Harpy3ka TpaHc(opMupyeTcsi B TOUKY
noakmoueHus uuieiia. HopMupoBaHHas BXomHas MPOBOAMMOCTH JHMHUH B
TOYKe MOJKITIOUYeHH uteiida Oyaer

Y, =1+ /B’

[IpoBoguMocTh mutetiha mogdOupaeTcs U3 YCIOBUS KOMIIEHCAIH peak-
TUBHOM cOCTaBJjgIoLIe *+ jB’ MPOBOJAUMOCTHU Y3y, UTO JOCTUrACTCS 1M0A00-
pom juiusst /) (puc. 3.1, 6). CoriacHO OCHOBHOMY YPaBHEHHIO /1jisi OTPE3KOB
JMHUM BEJIMYMHBL [ ¥ /| MOXHO MHPOM3BOAWTH AHAJUTHYECKH, HO Ooliee
y100HO WX 3HAYEHUsl ONpEeAessATh rpapMuecKd MPHU MOMOLIM JUarpaMmbl
Bousbniepra (Cmuta). D10 Hanbosee ruOKas W o0lias AvarpaMma, MCHOJb-
3yemasi JI0 HACTOSIIEr0 BpEMEHH TP aHAlIM3e COTIIaCOBAHUSI.
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Puc. 3.1

Ilopsiiok BbINOJIHEHUS PA0OTHI

1. Co3maiite HOBBIH poekT ¢ mmeHeM Short-Line.

2. Cozpnaiite cxeMy ¢ nMeHeM Schematic 1.

3. OTkpoiiTe OKHO MPOCMOTpa 3yeMeHTOB. Packpoiite rpymmy Micro-
strip 1 u3 moarpynmnsl Lines momecTTe B OKHO CXEMBI 3JIEMEHT KOPOTKO-
3amMkHyTOro otpe3ka jauHHH MLSC. Jlo06aBbTe MOPT HAa BXOJAE CXEMBI
(puc. 3.2).

4. IBaxnasl menkHute mo saeMenty MLSC u BBenute W = 0.5 mm u
L =5 mm.
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.............. MLSC- - - - - - .
-------- PORT- - - - ID=TLY - - - - - - -
-------- P=1 - - - - W=D0E5mm- - - - - - -
........ Z=E0 Ohm - - L=fmem - - - - - . -

Puc. 3.2

5. lo6aBpTe B cxemy anmeMeHT momioxkd MSUB. [IBaxasl menKHUTe
no stomy 3yemeHty u BBeaute Er=9.8 H = 0.5 mm, T = 0.005 mm,
Tand = 0.0001 u ErNom =9.8.

6. IBaxxapl menkHuTe 1o Project Options u BBeuTE 4acTOTHI 1Jid aHa-
ym3a oT 2 10 18 I'T'1x ¢ marom 1 I'T'w.

7. Co3maiite Tpaduk Smith Char ¢ mmenem S11 u noGaBbTe K HEMY
KOMILJIEKCHYIO TiepemMeHHyo S11.

8. llenkuuTe mo 3Hauky Analyze Ha maHeINM MHCTPYMEHTOB. I'paduk
MoKa3aH Ha puc. 3.3.

Tenepb NOATOTOBUM CXEMY AJISL SKCTPAKLIUH.

JobasbTe K cxeme daemenT o105k STACKUP u nBaXkbl meIKHATE
M0 3TOMY 3JIEMEHTYy, YTOOBI OTKPBITH OKHO CBOWCTB. [lapameTphl 3TOTO
3JIEMEHTA TOJDKHBI OBITh TAKUMHU ke, Kak 1 'y anemenTa MSUB.

1. Ha Bknagke Material Defs oxna cBoiictB anementa STACKUP B 00-
nactu Dielectric Definitions no6aseTe cnoii amanextpuka Diel, ams koTo-
poro BBeaute Er = 9.8 u TanD = 0.0001 (puc. 3.4). B o6mactu Conductor
Definitions no6aBrTe matepuan Copper (puc. 3.5) U yCTaHOBUTE ISl HETO
KpPACHBIN LIBET.
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- 5(1,1)
Schematic 1

Add Dielectric @ i T

Mame: Diel

- Name: Copper

Er: 9.8

Conductivity(Sfm):  5.96e+007

TanD: 0.0001

Freset: [_ o ] Presets: [Copper - ]
[ Ok ] [ Cancel [ Ok l [ Cancel ]
Puc.3.4 Puc.3.5

2. Ha Bkmanke Dielectric Layers mis cios 1 (Air) BBeguTe TOMIIHHY
(Thickness) 6. JloGaBbre cioit 2, ajisi KOTOporo BBeaute TojiunHy 0.5 u
tan auanekTpruka (Material De...) — Diell (puc. 3.6).

3. Ha Bknaake Materials no6aBbre matepuain ¢ umeHem Copper u or-
penenute i Hero Tan Matepuana Copper B cronomne Material De... Ila-
paMeTpsl Ha OCTaJbHBIX BKJIAJKaX OCTAaBbTE MO YMOJIYaHUIO. B okHE mpo-
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CMOTpa JIeMeHTOB IienkanTe mo Simulation Control u no6aBeTe K cxeme
asneMeHT EXTRACT.

Ceoiicea: Element Options: STACKUP - Multi-Layer Substrate Definition

Material Defs. | Dielectric Layers | Materials I EM Layer Mapping I Line Type I Parameters I Display I Symbol|

Diglectric materials in the stackup [langth specifizd in mm)
Layer  Thicknesz  haterial Definiion  Draw Scale
1 B Air 1
2 s Diel hdll
Air
Puc. 3.6

Jsaxas! menkaute mo eMenty EXTRACT.

1. Ha Bkmanke oxna Parameters csoiicte mis EM_Doc Beegute
“MLin_EM”. 3T10 OyJer uMsi W3BJICYEHHOW 3JEKTPOMArHUTHOW CTPYKTY-
pHI, KoTOpoe OyaeT oToOpakaThCsi B OKHE TTPOCMOTpA MPOEKTA.

2. Ins Simulator BBemute EMSight. [lo ymMomuanuio 3mech CTOWT
{Choose} (Bwibupats). llleaKHUTE MO 3TOMY 3HAUEHHUIO MBIMIKOW, 3aTEM
[IETKHUTE TI0 TIOSBUBIIEICS KHOMKE B MPAaBOM KOHIE MOJNS W BBHIOEpHUTE
EMSight.

3. Beeaute pasmepnl sueek reomerpuyeckoil cetku X_Cell_Size=0.1 u
Y_Cell_Size=0.1.

4. Beenute cMmenierne pedepeHCHON MIOCKOCTH T TopToB 1 mm.

5. Ana STACKUP Beegute “SUB2” ananoruuHo BBOAy Iy Simu-
lator.

6. OcTanpHBIE TapaMeTpPhl Ha 3TOH BKJIAJIKE M Ha BCEX JPYTUX BKIIAIKaX
octaBbTe N0 ymomyanuto. Haxmure OK.

[TomyuenHnas cxema nokasana Ha puc. 3.7.

Bxmrounte anement MLSC B skcTpakiuio. s 3TOro IBaXKIabl IIETIK-
aute mo 3meMeHty MLSC u Ha Briaaake Model Options B o6mactn EM
Extraction Options ormetsTe Enable. Bermonnure anann3 cxemsl. Xapak-
TEPUCTHKA MOKa3aHa Ha puc. 3.8. BMeCTO KOPOTKO3aMKHYTON JIMHUU IS
W3BIIEYEHHOW CTPYKTYPHI MOIyYHIIH XapaKTEPUCTHKY PA3OMKHYTOM JTMHHH.
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- - Name="EM_Extract™ - - - -

X Cel Bee=d tmm- - - -

- Simulato=EMSight - - - -

- - Owemde_Options=Yes - - -

-+« .+  Btension=imm - - - - .
-+« - Hierarchy=0fF - - - . . .

. EXTRACT- - - - . . . .
- - EM_Doc="Mlin_ EM" - - . -

Y. Cell- Swe=D.{ mm- - - -
- - PortType=Default- - - - -
- BTACKUR="SUBZ . . . .

STACKLP
-Name=GUBZ. - - . . . . .

MLin_EM

- 51,1}

= s(11)

Schematic 1

Puc. 3.8
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B okne mpocmoTpa snemenToB B rpynmne EM Structures nossunacs n3-
BJIeUEeHHas 3JIeKTpoMarauTHas cTpykrypa MLin_EM. OTkpoiiTe OKHO 3TOM
CTPYKTYpbl. BMECTO KOPOTKO3aMKHYTOTO OTpE3Ka B 3JIEKTPOMArHUTHOM
CTPYKType MBI HOJYYWIH Pa3OMKHYTHIH oTpe3ok (puec. 3.9). [Ipouemypa
JKCTPAKIMH HE 3HAET, KaK OCYLIECTBISETCS 3a3€MIIEHUE B OTOM CXEME.

Puc. 3.9

3amenuM B cxeMe aieMeHT MLSC snementom MLIN ¢ Takumu xe
3HaueHHAMH W 1 L 1 ¢ 3emiteld Ha mpaBoM KoHIie (puc. 3.10).

SRORT. - . . ID=TLY - - - - . . . . . . . . . .. . . . .EM Doc=MLinEM . . . . .
. SRt . . . W=DEmem - - - - - . - . . . . . . . . . . . Name=EM_Extract’ . - . . -
... . Z=EQOhm . - L=Emmm - - . . . . . - . . . . . . . . . . . Gimuato=EMSight . . . . .
R N o e e e e e -Gl Beed - - - - -
. R S - . - . . . .. . . . .PortType=Defamht- - - - . -
e T e . STACKUP="SUBZ2® . . . . .
L. .. .. . . .. . .. .Extension=imm - - - - - -
S e oo . .. .. .Owemde_Opfions=Yes . . . .
SMSUB. - - - - . . . . . . . . . .. . . ... .. . . .. . . . . Hietarchy=O0ff . . . . . . .
CTDO0EmME - - - - - - - - - - .« - - . . . STAGKUP. . . . . . . . . .
. CRho=i- - - - - . . . . . . . . . . . . . . Names3UB2. . . . . . . . .
C - Tand=DO00E - - - e e e e e
CEMom=SE - - - - - o .

Puc. 3.10

JBaxknpl menkHute no anemeHTy MLIN u BKIIIOUMTE €ro B 3KCTpak-
LU0, KaK onucaHo BbIie. [TOCKOIbKY Mbl HE U3MEHUJIM UM U3BJIEKaeMOM
ctpyktypsl B snemenTe EXTRACT, u3BnedeHHas paHee CTpyKTypa Oyaer
3aMEHEHA HOBOIA.
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B aTOM ciydae 35eMeHT 3eMJIM HEe MMeEET IOCTaBJIEHHOTO0 €My B COOT-
BETCTBHE TOIOJOTMYECKOTO 3JeMeHTa. [Ipolecc 3KCTpakuuu BUIUT, YTO K
npaBoMmy KoHLy 3jemenTa MLIN noaxiroueH Ipyroi 3j1eMeHT C HEU3BECT-
HOW TOIOJIOTHEHN M MPOCTO yCTaHABIMBAET BTOPOU MOPT Iy MOAKIIOYEHHS
aneMeHTa. B pe3ynbraTe moiydaeM OTpe30K JIMHUU, HaTrpyKEHHBINH Ha co-
[JIaCOBAaHHOE COINPOTUBJICHHE Ha BXojae M Bbixoae (puc. 3.11). I'padux
U3BJICYEHHON CTPYKTYpPbl COCPENOTOYEH BOJNM3M €IUHUIIBI Ha AUAarpaMme

Cwmmura (puc. 3.12).

|2 5(1,1)
MLin_EM

- 5(1,1)
Schematic 1

Swp Min
Z2000MHz

Puc. 3.12
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JoGaBum B cxemy aneMeHT repeMbrak VIA mepern 31eMeHTOM 3eMITH.
B okne nmpocMoTpa snemeHTOB menkHuTe 1Mo Interconnects u 1o0aBbTe
anemeHT VIA B cxemy, Kak ykazaHo Ha puc. 3.13. JIBaxapl HICIKHUTE IO
3TOMY D3JIEMEHTY M BKJIOUUTE €ro B O3KCTpakuuioo Ha Bkiaake Model
Options. Ha Bxknaake Parameters Beenure D=0.5, H=0.5u T = 0.005
R R R
el
- EM_Doc="MLin_EW" - - - - -
- Name="EM_Extraot” - - - . -
- - Simulsto=EMSight - - . . -
- ¥ Cell 5@e=D.1mm - -
Y. Cell-Bize=D 1 mm- -
- PortType=Default . - - .
- STACKUP="SUB2® . . . . -
- Bxtension=1 mm - - . . . -
- - - Owemide_Options=Yes - . . -
B -Hieramh).ml)[l- E

. STAGKUP. .

LenkauTte mo 3HauKy Analyze Ha maHeIW WHCTPYMEHTOB, HO aHAIIU3 BhI-
MOJHATHCS HE OyAeT ¢ cOOOIIeHNeM B OKHE CTaTyca, YTO HEBEPHBII MOpT 2.

N3BneueHHas cTpyKTypa IokazaHa Ha puc. 3.14, a ee TpexMepHOE U30-
Opaxenue — Ha puc. 3.15.

Tomonorus cTpyKTyphl H3BJI€YEHA MTPABUIIEHO, HO T00aBJIeH MopT 2, KO-
TOPOr0 HE JOJDKHO ObITh.

UToOBI MPaBUIIFHO PEIINTH MMOCTABICHHYIO 3a7a9y, UCTIOJIB3YEM MOJIEITb
VIAI1P.
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Puc. 3.15

- EXTRACT. - - .« .« .« . .
- ID=EXt - - - -
- - EM_Doc="MLin_EM"
- - Mame="EM_Extract™ - .
- Bimulator=EMSight - - - -
- ¥-Cell Sze=0.fmm - - - -
- Y- Cell-Sze=0.f mm- - - -
- - PortType=Default - . . . .
- STACKUP="SUBZ: . - . -
- - Extension=1mm - - . . -
+ + - Owemide Options=Yes - - -
- - Higrarchy=08F - - - . .
e == o

Puc. 3.16

OTKpoiiTe OKHO POCMOTpa 3JIEMEHTOB, B cXeMe yaanure sneMeHT VIA u
3eMJi0. BMecTo ynmaneHHbIx 3jeMeHTOB BeTtaBbTe eMeHT VIALP (puc. 3.16).
JBaxel menkHuTe 1o sneMeHTy VIA1P u BBeauTe Takue ke MmapaMmeTpsl,
Kak 1 s onemMedTa VIA. BeImomHATe aHAH3, OMyYeHHbIe TpadUKH ITOKa-
3aHbl Ha puc. 3.17.
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- 5(1,1) Graph 1
MLin_EM =

Swp M
18000MHZ

= 5(1.1)
Schematic 1

Fiwp Min
2000MiHzZ

Puc. 3.17

B kauecTBe nmpumepa paccMOTpHUM 3a1ady.

CoraacoBaTb HATpPY3Ky, HMelOMYI0 conpoTusiieHue (75.../125) Om
¢ 50-omHOM JiMHMeH, moJiaras NOTepu B JIMHUM MUHHUMAJbHBIMH.
Pacuer npousBectu ansa yacrorsl 10 I'T'm nmpu ycjaoBuH, 4TO B JIMHUH
Ve =3 10 m/c. CxeMy COr;IacOBAHMSI MOCTPOUTH C HCIOJIb30BAHHEM
OAMHOYHOI0 MAPaJJeJIbHO BKIIOYEHHOT0 KOPOTKO3aMKHYTOr0 Huieiiga.

Oobuiee nonosricenue

Ecnu neodxodumo co2nacogviéams HAzpy3Ky ¢ JuHueil, mo 60aHa
0yoem uomu om Hazpy3Ku € CHIOPOHY 2eHepamopd, u Nnepeodsuzamvcs
HY)CHO NO WIKane «OUHbL GOIH K 2EHEpPamopy», m. e. no 4acoeoi
cmpesike, a eciu HeoOX00UMO CO21aAcOo8amy 2eHepamop ¢ AuHuel, mo
HYXCHO nepedsuzampcsa no wiKane «OAUHbl 6OIH K HAZPpY3Ke», m. e. npo-
mue uacoeoii cCmpesKu.

Pewmenne

1. Co3maiite cxemy ¢ numeHeM Schematic 2.

2. OTkpoiiTe OKHO MpocMoTpa 3yeMeHToB. Packpoiite rpynmy Micros-
trip m m3 moarpynmnsl Lines momecTHTe B OKHO CXEMBI DIIEMEHT OTpe3Ka
muHun MLIN.

36



3. dBaxabl mienkuute no 3nemeHty MLIN u Beegute W= 0.5 mm u
L =40 mm.

4. Packpoiite rpynny u u3 noarpynmnsl Transmission Lines u u3 rpyn-
nbl Phase noMmectute B OKHO cxeMbl 25ieMeHT oTpe3ka TuHuur TLIN.

5. ABaxnpl menkaure mno snemMeHTty TLIN u BBegute Z0 =75 Ohm,
EL =125 deg u F0 = 10GHz.

6. B oxHe mpocMmoTpa 351eMeHTOB LienkHuTe no Interconnects u go-
6aBbTe anemeHT VIA1P B cxemy. [[BaXIbI HIETKHUTE 1O 3TOMY 3JI€MEHTY,
n Ha BKkimagke Parameters Beequre D = 0.5, H=23 u T = 0.005.

7. J100aBbTE MOPTHI HA BXOJIE U BHIXOJIE CXEMbI.

8. JlobaBpTe B cxeMy aneMeHT moroxxku MSUB. JIBaxapl MIeNKHATE
mo 3tomy 3jementy u Beeaute Er = 9.8, H = 23 mm, T = 0.005 mm,
Tand = 0.0001 n ErNom =9.8.

9. ABaxxas! menkuure mo Project Options u BBeuTE YacTOTy AJS aHa-
au3a 10 I'T'n.

10. B okue Project BriOepute Graphs, Ha)XxMuUTEe NpaBod KHOMKOH
MBIILIM — TOSBUTCS KOHTEKCTHOE MeHI0, BhiOepuTe New Graph. Co3paiite
rpaduk Smith Char . J/Io6aBsTe x Hemy nepemennyio — VSWR_CIR - 1.5,
VSWR_CIR-54uQ_CONT-15.

11. lllenkHute no 3Hauky Analyze Ha maHeau UHCTPYMEHTOB.

.PR=1 . . . .W=DEmm - - - - - - +« . . . . . . .EL=125D0eg. . . . . . .P=2 . . . .
. Z=50 Ghm L=40 mm .. . . ... ... . .FO=l0GHz . . . . . . .EZ=SDOhm . .

CMBUB- - - e CLVIAIR L L

CTEDOS MR - - - - e e e e e CHE23mm. . . . .
CRho=1- - - o oo oo LT=005mm . . . . . L L L
CTAnd=B.0001 - - - - - . e e e e CRHOST. . . . L L L

[anee pemaem 3a1ady B CIEAYIOLIEM MTOPSAKE.
1. OnpenensieM HOPMHUPOBAHHOE K BOJTHOBOMY COMPOTHBJICHUIO JIMHUU
COINPOTHUBJIEHUE HArpy3KU
75— j125
! —_— —_—
le - -

1.5- j2.50M.
50
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DTOMy COTPOTHBIICHHIO HA AWAarpaMMe COOTBETCTBYET TOUKa A.

Graph 1 — VSWR_CIR(1.5)
Schematic 1

— Q_CONT(1.5)
Schematic 1
pl-Q=15
p2: VSWR =15

2. Yepes TOYKy A ¢ IIEHTPOM B LEHTpE JUArpaMMbl IPOBOJUM OKpYK-
HOCTB IocTogHHOro K, =54.

Graph 1 — VSWR_CIR{1.5)
Swp bz Schematic 1
54
— Q_CONT(1.5)
Schematic 1
pl:@=15
P2 VSWR =15
pd: VSWR =54
1
5.4
r1.54877
x-2.28984
A
Swp Min
15
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3. OnpenensieM NpOBOAMMOCTb HArpy3Ku, JJIS U€ro MPOBOAUM IIPAMYIO
U3 [IEHTpa AUarpaMMbl yepe3 Touky A. DTa npsimas epecekaeT OKpy>KHOCTh
nocrosHHoro K_,, =54 B Touke B, cooTBeTcTBylOIIEHl MPOBOAUMOCTH

Harpy3k#, adCOIIOTHOE 3HaYeHUE KOTOPOil paBHO

0.2+ j0.3)10° ,
©2+ 70O _ 4, i0.6)mCu .
50
Graph 1 — VSWR_CIR(1.5)
Swp b Schematic 1
54
— Q_CONT(1.5)
Schematic 1
B pl: Q=15
p2: VSWR =15
p3: VSWR =54
1
5.4
r1.54877
¥ -2 72924
A
Swp Min
15

4. IlpsMas W3 LIEeHTpa auarpaMMsbl, IpoXonsdinas dyepe3 Touky B, mepe-
cekaer mkamy «JlmwMHBI BOJXH K TeHeparopy» B Touke C, KOTOpOii
cootBeTcTBYET 3HaueHue 0.048)\g .

5. Hanocum Ha paumarpammy Touky D, jexainryro Ha mnepecedyeHUuu
OKPY’KHOCTH NOCTOSIHHOTO K, =5.4 U OKpPY’KHOCTH, T1ie¢ aKTUBHAs IPOBO-

JIMMOCTH paBHa 1.

OKpy>XHOCTb TIOCTOSSHHOTO K _,, TIEPECEKaeTcs C OKPYKHOCTBIO, TIe
AKTHUBHAs MPOBOAMMOCTh PaBHA €IAMHUIC B ABYX To4kaX. [IOCKOJBKY aua-
rpamMMa JlaHa B MPOBOJMMOCTSIX, 4 B MPUMepe MHHUMas YacTh COTJIACYEMOTO
COITPOTHBIICHUST OTPHIIATE]IbHA, TO HYXKHO OpaTh BEPXHIOK TOYKY (T. €. B
MOJIOXKUTENFHON TONYTIIOCKOCTH), eclTi OBl MHHMMAasi 4acTh COTJIACyeMOTO
COIPOTHBIICHUS ObLIA TOJIOKUTETHHON, TO HEOOXOJUMO OpaTh HIDKHIOH
TOYKY IepeceueHus (OTpULaTENIbHAS [TOJIYIIIIOCKOCTD).
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(1.5)

Schematic 1
— Q_CONT

®.

o

— VSWR_CIR

(1.5)

Schematic 1

15

SWR

pl:Q

=15

!

pz:

-

VSWR

p3:

....~nunl“- Bl ll-“ :
i
SR TR
%ao..ﬁm......#ﬂnnnnﬂ/’ 2
R
o?é&«.%ﬁﬁ

LEERESE

5
ol OS%Q

SRR s
i v

o .....
SENERG
5
N

KX
PR
.
%m..«.....

Graph 1

5.4

1 1.54977

x -2 28984
15

6. [lpoBoanM yepe3 Touky D W IeHTp auarpammsl NpSIMylo, Tepe-

, KOTOpOii

ceKamlly wkany «JIMHbl BOJAH K reHeparopy» B TOuke E

cootBercTByeT 3HaueHue 0.185Ag .
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7. OmpenensieM paccTosiHUe [ OT HArpy3kH JO MecTa MOJKIOYEHUS
uuieida:

1=(0.185—0.048)Lg =0.137Ag .

3areMm ompenensieM UHY [/ miedda, KOTOPHIH ITOJDKEH CKOMTIIEH-
CHUpOBaTh PEAKTUBHYIO COCTABIIAIONIYIO HaljaeHHoW Toukn D Ha mma-
rpamme, T. . ¥ =1.5+ 1.9 OM. [lnuna uuieiida BeiOupaercs tak, 4ro0bl
€ro HOPMUpPOBaHHas BXOJHas HPOBOJUMOCTh Obuia —j1.9 (mpu 3TOM
MOAKIIIOUCHHE TUIei(a mepeBeaeT TOUKy D B IEHTp auarpammsbl, T
Y, =1).

8. [ockonpky muTel KOPOTKO3aMKHYT, KOPOTKOMY 3aMBIKAHHIO Ha
KOHIle mieiiha cooTBeTCTBYeT Touka F Ha gmarpamme, a mpsmas, Tpo-
BEIICHHAsA U3 LEHTPa AuarpaMMel uyepe3 Touky F, mepecekaer mkamy «/lmu-
HBI BOJIH K T€HEpaTOpy» B TOUKe, 3HaUeHHe KoTopoi 0.25A¢g .

[lepensuraemcs ¢ Touku F mo BHemHe#l okpyxHocTH, rae K, =, B

CTOpPOHY TeHepaTopa O TeX IMOp, NMOKa HOPMHpPOBaHHAas BXOOHAs IPO-
BOAMMOCTh 1uIelda He gocTurHer 3HadeHus —1.9 (touka G). [psmas u3
HEHTpa AWarpaMMbl, Tpoxonsmias depe3 Touky (G, mepecekaeT IIKaily
«/1TMHBI BOJH K TeHEpaTopy» B Touke co 3HaueHneM 0.327)\g .
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(1.5)

— VSWR_CIR
Schematic 1
— Q_CONT

(1.5)

Schematic 1

15

p2Z: VEWR
p3: VSWR

pl:

15
5.4

Graph 1

15

SWp Wi

r1.54877
x-2.28984

5.4

CrnenoBatenpHO, UIMHA HUIei(a paBHa

1, =(0.327-0.25)Lg =0.077)Ag .
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9. OnpenenseM (Quzmueckne mapameTpbl / W /; ¢ BOJHOBBIM COMPO-
tusiieHueM 50 OM. Tak Kak IJIMHA BOJHEI

V 10
_‘1’:%:301\4’
f 10

[=0.137x3=04cm; [ =0.077x3=0.23cm.

Conepxanne padoThbl

1. O3HaKOMbTECH C MOPSAKOM BBIIIOJIHEHHS PaOOTHI.

2. Otkpoiite nporpaMmmy Microwave U pelIMTe NOCTABJICHHYIO IPEIo-
JaBaTesieM 3a/auy.

3. CocraBbTe OTYET O NpPOJENaHHON paboTe, B KOTOPbIH JOJKHBI BOHTH:

— 1eJIb JJA0OpaTOPHON padbOThI;

— Xop paboThl;

— cXeMa MOJEJHPYEeMOro KOPOTKO3aMKHYTOTO Huteida;

— rpaduk auarpaMMbel CMUTa ¢ KOMIUIEKCHOU epeMeHHo# S11;

— PHUCYHOK TOIOJIOTHU CTPYKTYPBHI;

— YCIOBHE 3a7ayH;

— COOTBETCTBYIOIIAs CXEMa;

— (QOpMyIIBI M pacyeThl, ONpelelSIoINe MapaMeTpbl COMPOTUBIICHUS
Harpy3Ku;

— Tpaduku HaxoxaeHus Touek (A — F);

— BBIBOJBI IO paboTe.

KonTposbHBIC BONPOCHI

1. YUro Takoe e ?

2. VI3 xakoro ycloBHS MOAOWPAETCS MPOBOJMUMOCTH HuTeHda M Kakum
obpazom gocruraercs?

3. Kakue mapameTtps! umeer anemeHT noanoxxkn MSUB?

4. Kaxk otpa3uts B quarpamme Cmuta B MWO 0Kpy’>KHOCTH MTOCTOSTHHO-
ro K., ?

5. C xakoif TOYKM HaYMHAETCs OTCUET ANMHBI nuieida /| mpu UCnonn30-
BAHWH KOPOTKO3aMKHYTOTO Titerda?

6. C xakoil TOYKM HAYMHAETCS OTCYET JUIMHBI nuiekda /i mpy NCroas30-
BaHWH PA30MKHYTOTO Tuterda?

7. Kak mepenBurarbcs MO IIKajgaM B CIy4asX COTJIACOBAHWS HATPY3KH
WM TeHepaTopa?
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JIABOPATOPHAS PAGOTA Ne 4

MOJAEJIUPOBAHUE ®NJIBTPA HUKHUX
YACTOT HA COCPEAOTOYEHHBIX
N PACIIPEJAEJIEHHBIX 3JIEMEHTAX

eab padoThl: 03HAKOMUTHECS U TIOJMYYHUTh MPAKTHYECKUE HABBIKM MO-
JIeNMpoBaHusl (GUIIbTPa HIDKHUX YacCTOT W3 OTPE3KOB OAHOPOIHOMN JIMHUHU
nepeadyr ¢ UCTOIb30BaHMEM TTakeTa mporpamm Microwave.

IlocTanoBKka 3aga4n

B kauecTBe mpuMepa CKOHCTPYUPYWTE (QUIBTP HIKHUX 9aCTOT C MaK-
CUMAaJIbHO IIOCKOHM Xapaktepuctukoil (1. e. punbtp barrepsopra) ¢ vac-
ToToM cpe3a 1 I'Tu U3 OoTpe3koB OAHOPOAHOW JUHUU Iepenaur. OunbTp
JIOJDKEH COAEPXKaTh MSATh AJIEMEHTOB, U €T0 CJIEAYET BCTPOUTH B JIMHUIO
nepenayu ¢ BOJHOBBIM COMPOTHUBJIEHUEM B 25 OM. OunbTp peanusyercs
Ha MHKPOTOJOCKOBBIX JIMHUAX C OTHOCUTEIBHOW TOJIIMHOW MOJOCOK
t/h=0,05 1 OTHOCUTENBHON UINEKTPUUECKOIl MPOHUIIAEMOCTBIO €, = 4.

Paccuurars 3aryxanue, BHocuMoe GuibTpom Ha yactrore 2 ['Tw.

Pemenne

Boruucaurs Heo0XoauMble HmapaMeTpbl AJsi MOAeJUPOBaHUs (IO
y4eOHuKYy [2, c. 92].

1. Co3nanue HOBOI'O NMPOeKTA:

BeibepuTe File — New Project;

BoiOepute File — Save Project As. OTkppIBaeTcs IHaOrOBOE OKHO;
craHgaptHeEIM 11t Windows crmoco6oM BeIOEpUTE MANKy W BBEIUTE UMS
npoekra (Hanpumep, “Filtr”) u menkuute Ha Save.

2. OnpenesieHue eJUHHUL U3MEPEHUS U YACTOT NPOEKTA

Bribepute B MeHto Options > Project Options uin ABaXIbl IEIKHUATE
MbIkoi mo Project Options B 1eBom okHe mpoekta. OTKpoeTcs: IUanoro-
Boe OKHO Project Options.

B oTkppeiBLIEMCsI OKHE omiuil mpoekTa oTkpoite Bkiaaky Global Op-
tions u onpeznenure ri100ajbHbIE €AMHULIBI U3MEPEHUs, KaK MOKa3aHO Ha
puc. 4.1.
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Orkpoiite Bknanky Frequencies. Beexnte 0 B mone Start, 3 B mosne Stop,
0,01 B mone Step. OtmerpTe Replace n Haxkmute Apply. /lnanaszon gactor
otobpaxkaercs B okHe cricka Current Range, kax mokazaHo Ha puc. 4.2.

Project Options m
Interpolation I Raw Data Format | Data Files |
Frequencies I Schematics//Diagrams | Global Units
Frequency _ Resistance _ Power
GHz £ om = Linear
Angle Conductance it |T
D = 5 =
J |— |— Log.
Temperature Inductance -
dBm =
DegC E nH |? |—
Time Capacitance Lenath
ns |T rF |T Metric units
Yoltage Current Y
Lengthtype =
v S = [<]
[ (0]:4 ] [ CmeHa ] [ Crpaexa ]
Puc. 4.1
| Project Options 2
Interpolation I Raw Data Format Data Files
Frequencies | Schematics/Diagrams Global Units
Current Range Modify Fange
0 I Start [EHz]
0.0l m 1] [ Single paint
0.0z m ;
103 Stop [GHz) ) Add
0.04 3 ) Delete
0.05 =
0.05 Step (GHz) @ Replace
0.o7 0.0
008
009
g.:ll‘l il Sweep Type [rata Entry Units
. @ Linear GHz [3]
Delete Selected (7 Exponential Does not affect global urits
[ (0]:4 ] [ Crmveqa ] [ Crpaexa
Puc. 4.2
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Pa3memeHne 3J1eMEHTOB B CXeMe

UToOBI yCTaHOBHTH 3JIEMEHT B CXeMy, TpeOyeTcs:

1) knmukHyTH Ha KnaBuiue Elem, pacnonoxeHHOi cieBa B HM)KHEH yac-
TH DKPaHHOTO OKHA, ¥ BBI3BATh JIEPEBO DJIEMEHTOB;

2) Haiitu B nepeBe 3neMeHTOB Lumped Element n KITHKHYTH Ha 3HAUYKe
W«

3) xnukHyTh inductor B Lumped Element, 4roObl BbI3BaTh MOJIEIHN CY-
[IECTBYIONIMX WHIYKTHBHOCTEH B OKHE, PACIONOXEHHOM IO ACPEBOM
3JIEMEHTOB;

4) KITUKHYTh Ha MOJIEIHM WHAYKTUBHOCTU ind W, HE OTITyCKas MBIIIKY,
MePeTauTh HHAYKTUBHOCTH Ha TTOJIe CXEMBI,

5) pa3MecTUTh dJEMEHT B HY)KHOM MECT€ M KJIMKHYTh €Ile pa3, Moj-
TBEpIKJasi pa3MelIeHre B 3TOM MECTE.

PesynbTaT onucaHHbBIX AEMCTBUM OTpaxkeH Ha puc. 4.3.

o AT TR TERRALY PR 23] S8 26 - Unitlad Pt

Fis [ Schemaic Y Fuomcl Smuse Qpfora Widow [Hep Selled

Cw@Edl ?ér_&.aﬁu a| WS

v <k Coaos -
Element Bromser = |15 5 —
& E3F Flers J

T ares
= Xk lied

~= Inbmacorrecs

<. Lineal Dt
= b Lumped Elsment

Ak Capaths

I Cougind ra..'—l'lﬂ )

e 0

Elemeni maodaks - -m_ “ 00"
CORD

Ok

R

Puc. 4.3

st ObICTPOro COeIMHEHUS 3JIEMEHTOB HEOOXOAMMO B 3a)KMM NEPBOrO
3JIEMEHTA YCTAaHOBUTH 32)KMM BTOPOTO 3AjieMeHTa. [Ipu npaBuiabHOM coeau-
HEHHUH 32)KUMBI TIpeo0pa3yloTcs B KBaApaTsl ronyboro neera. Ecim coenn-
HEHUS HE NPOU3OLLUIO, HYXKHO KIMKHYTh Ha 3JIEMEHTE U, HE OTIIycKad
Mbl1lb, IEPETALLUTD FJIEMEHT B HY)KHOE MECTO;

6) IOBTOPHUTH IIarh 4 ¥ 5, BBI3BIBAS ¥ COSAMHSS WHIYKTHBHOCTH.

7) knmukHYTh capacitor B Lumped Element, yToObI BBI3BaTh MOIETH
€MKOCTel B OKHE, pPacIlOIOKEHHOM IO/ IEPEBOM 3JIEMEHTOB;

8) KIMKHYTh Ha MOJEIIA €MKOCTH Cap U, HE OTIyCKasi MBIIIKY, MepeTa-
LIMTh €MKOCTh Ha MOJIE CXEMbl; PA3MECTUTH AJIEMEHT B HY)KHOM MECTE U
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KJIMKHYTb €Ille pa3, HOATBEp)KIas pa3MellleHHEe B 3TOM MeECTe; ITOBEPHYThH
3JIEMEHT;
9) MOBTOPHUTH OMEPALIHIO 8 ABAXKIEI.

CoennHeHue MPOBOIOM

YT1oOBbl COENUHUTHh HIDKHUE 3aKHMBI €MKOCTEH, HEOOXOAUMO cCrAenaTh
CJIeIYIOIIHUE TIaTH:

1) momMecTuTh Kypcop B HIKHUM 3axuM eMKkocTH C1;

2) KIMKHYTh W, HE OTMYCKas MbIIIb, TPOBECTU JIMHUIO COCIUHEHUS C
HIKHUMH 32kuMamMi C2 1 C3 u KIMKHYTH €llle pa3 Ha MOCJIeTHEM 3aKUME.

Iloakarouenue MOPTOB A 3€MJIN K CXE€EME

g pazmerneHus moprta TpeOyeTcs BRITIOTHUTH CIIEeTyOIINE IIIaTrH.

1. Beibpats komanay Schematic > Add Port.

2. YCTaHOBUTH KypCOp Ha BXOJE CXEMBI, T. €. Ha 3a)XKHMe INepBOi WH-
JTYKTUBHOCTH.

3. IloBToputh mar 1 U MoaCOEAUHUTD MOPT K IMPaBON MHIYKTUBHOCTH,
npeaBaputeabHo KIUKHYB 1K Mbimuy g pazsopora moprta Ha 180°.

Bonee mpocroii coco0 3akioyaeTcs B BBI30BE MOPTa C MaHEIH WHCT-
PYMEHTOB. /1115 3TOTO HY)XHO KIHKHYTh Ha KHoONKe Port u ycTaHOBHUTE MOPT
B CXEMY.

J1s ycTaHOBKH 3eMJIA HEOOXOAMMO BBITTOIHUTH CJIETyIOIINE IIIarH.

1. Beiopats komany Schematic > Add Ground.

2. YcTaHOBUTH Kypcop B cxemy Ha 3akume eMKOCTH C1 U KIUMKHYTH;
3eMJIsi OyIeT MOK/IFOUEHA K CXEMeE.

BapuaHT cxemsl okaszaH Ha puc. 4.4.

PenakTupoBaHue napaMeTpoB JIeMEeHTOB

st m3MeHeHHUs TTapaMeTPOB DJIEMEHTOB TpeOyeTcs:

1) aBaXkAbl KIMKHYTh Ha MHAYKTUBHOCTUA L1 B OKHE CXEMBI; OTKPOETCS
JIMAJIOTOBOE OKHO;

2) B OKHO WHAYKTUBHOCTH BBECTH BeTMUHNHY U KITUKHYTh OK;

3) moBTOpUTH maru 1 u 2 M OTPENaKTHPOBATH HOMHUHAIIEI 3JIEMEHTOB B
COOTBETCTBHUU C 3aJaHHBIMU.

Bosee ObicTpbiii nyTh pelaKTUPOBAaHMS — KJIMKHYTh HA MapaMeTpax
anemeHTa. [loBeCTH KpecTWK K pelaKTUPYeMOW CTPOKe W JTBAXKIbI KITHK-
HyTh. [I0SBUTCS OKHO pEeIaKTHUPOBAHUS, B KOTOPOE HYXXHO BBECTH HE0OXO-
JIuMble u3MeHeHus (puc. 4.5).
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Modify Measurement M
Measurements
tMeas. Type teasurement Data Source Hame
ABCD
o [ir -
C—— |7
SDeltaP [1 =
SHodel
i Fram Port Index
_ : fi -
Scattering Coefficients [5 Parameters] Sweep Freq [FDOC)
[Use for x-axis - ]
Sirnulator [Default Linear V]
Comples Modifier Result Type
) Real @ Mag Complex
0 Imag ) Angle [¥] de:

[ oK ][ OmmeHa ][ Crpaeka ][ Meas Help

Puc. 4.7 — ma S11

Modify Measurement

L% o

Measurements
Meazuremsnt Diata Source Mame
ABCD (it -
G
H To Port Index
5DeltaP [z =
Shodel
hs From Port Index
il : fi :
Scattering Coefficients [S Parameters] Sweep Freq (FOOC]
[Use fior s-awis - ]
Sirnulator [Default Linear ']
Complex Modifier FResult Tupe
) Real @ Mag Cornplex
) Imag. () Angle [¥] dE
[ oK ] [ OmeHa ] [ Crpaeka ] [ Meas Help

Puc. 4.8 — nna S21

AHAJIN3 CXEeMbI
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Juis aHanm3a cxeMbl ciiefyeT BeIOpaTh komaHay Simulate > Analyze.
I'paduku ¢ pacueTHbIMU XapaKTEPUCTUKAMU BHICBETSATCS HA DKPaHE.
Pe3ynpTaTe aHanm3a cxeMbl peicTaBIeHb Ha puc. 4.9.




Graph 1 —== DB(IS(2,1))
= = o 111gg

-& DB(S(1,1))
111gg

Frequency (GHz)

Puc. 4.9

3akarouyeHue

CpaBHI/ITL MOJIYYCHHOE TP MOACIIUPOBAHUU 3aTyXaHUE C PACUCTHBIM U,
€CJIM HY?>KHO, MPOBECTU ONITUMU3AILIUIO CXEMBI.

IlepeBecTn CNpOEKTHPOBAHHBIH (GUABTP Ha COCPeIOTOYEHHBIX
3J1eMEHTAaX B YCTPOMCTBO M3 OTPe3KOB JMHMIl mepeaayu, nmpeaBapu-
TeJIbHO PacCYNTAB He00OXOANMMbIe MapaMeTphI 10 y4eOHHKY [2].

Coznaem HoByto cxemy. Ilepexomum B myHKT Elem — Substrates
(nou1okKa), BrIOMpaeM U3 HUXKHEro okHa nomioxky MSUB u nepeHocum
Ha BHOBb CO3/IaHHOE OKHO PEIaKTUpoBaHUs cxeMsbl (puc. 4.10).

JIBOWMHBIM IIETYKOM IO 371eMEHTYy OTKpbiBaeM okHO Element Options
(CnoiicTBa 31€MeHTa) U B COOTBETCTBYIOIIUE Irpadbl TaOIUIbI BIMCHIBAEM
3aJaHHbIe 3HaueHus (puc. 4.11).

Hanee ctpoum cxemy: B Circuit Elements — Microstrip (Muxpomno-
nockoBasi TuaNAg) — Lines BeiOnpaem MLIN, MeHseM MIMPUHY MHKpPOTIO-
JIOCKa Ha 3aJaHHY0 (JBOWHBIM IIETYKOM Ha 3JeMeHTe). I coeanHeHus
MHKPOTIOJIOCKOB pa3anuHON mupuHb! ucnoiszyem MSTEP.

Penaktupyem nmapamerpsl uauu (puc. 4.12).
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"‘: Project 1 - AWR Design Environment ;IEIZI

Eile Edt Schematic Draw  Miew Projeck Simulate  Options  Window Help

IDBE X aaddFaslos Bap

Y = 4 O

EGH GHD PORT SUE

#1-74= Honlinear B & schematic 3 -]
-5 PRE_RELEASE
5 D> Ports Ll iooiioliliil
[ @ Sources H=100 1m
- Stripline LU
(=138 Substrates Taig=0
--[BJ _Obsolete e

[#--~F=2 Transmission Lines
E Library

Data

-~ Subircuits

B X WML Libraries
[#-[3E] System Blocks

L2 CPW_SUB &5+ &5c

W27 MPSLB & 5psUB &5

a2 M5B &7 5508 L O O S S DS DI
7 Ml B2 &P 562

[ Prai; Elem e | Lapout | 4| | _»|_|

Puc. 4.10

Ceoiicrsa: Element Options: MSUB - Microstrip Substrate Definition m i
Parameters | Statistics | Display | Symbol | Layout | Model Options |
Mame “Walue  Unit Tune Opt  Limit Lower Upper Description
Er - - 1} 1} Relative dielectic constant
H 0.m em [ | | 1} 0 Substrate thicknesz
T 00000 em [ O - 1} 0 Conductar thickness
2 r | | 1] 1] Metal bulk resistivity normalized to gold
and  0.001 (] | 0 0 Logs tangent of dielectric F
Ertom 4 (| | | 1} 0 Mominal relative dielectic constant
@ Name  SUB1 r o 1] 1] Substrate name
Fielative dielectric constant
Enable element Part Nurnber Shaow Secondary
[ OK ] [ OTeHa ] [ Cnpaexa ] [ Bement Help | | Vendor Help

Puc. 4.11

UT0oOB!I MOCMOTPETH TOTIONOTHIO HAOPaHHOMN CXEMBI, IIEIKHEM IO KHOTI-
ke "View Layout'" n ysunum Tononoruto ¢unstpa (puc. 4.13).

AHaJTOTHYHO TpeABINyIIeMy 3amaHuio cTpouM rpadmkm S11 m S21
(puc. 4.14).
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LN MSTEP
PORT D-TL9 I=TL8
P=1 W15 mm Wi-imm
Z-250Mm  L=z.Smm wa-1smm

LN
ID=TL7
W=1mm
L=t 4 mm

w215 mm

MLIN MSTEP ML MSTEP MLUN

D=TLS D-TL4 1ID=TL3 ID-TL2 D=TL1
W15 mm w11 mm wW-1mm Wi-imm W=15 mm
L=26 mm w215 mm L=14.4 mm wa=1smm 1=7.5 mm

Schematic 2:2

oo =]

latny|

e ’

Puc. 4.13

S11 and 521 = [5(1,1)
1 p Schematic 2
= [S(2,1)]
0.3 Schematic 2
08
0.4
02
o
o 0.5 1 15 2
Frequency (GHz)

Puc. 4.14
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3akiaouyenue

MBI noTy4niIn 4acTOTy Cpe3a MEHbLIE 33/1aHHOM, TOTOMY YTO Ha 4acTo-
tax 1o 1 [T nenecoodpasHee npoeKTUPOBaTh GUIBTP Ha 3JIEMEHTaxX C CO-
CPeIoTOYEeHHBIMHU TTapameTpamu. TpedyeTcst ONTUMU3NPOBATH 3TOT QUIBTP
NpY MOMOIIY BEIOpaHHOH MpOrpaMMbl ONITUMH3ALUH 3TOTo nakeTa. [lompo-
OyiiTe Taxke mpoMoaenrpoBaTh nonockoBerii ®HY Ha Gosee BBICOKOI yac-
ToTe. OOBACHHUTE, KAKOH MOMYUYHIICS pe3yIbTaT U OYeMYy.

Conepxanne padoThbl

4. O3HaKOMBTECH C IIOPAIKOM BBIIIOJHEHUS paOOTHI.

5. Otkpoiite mporpammy Microwave u pemmTe MOCTaBISHHYIO TIPETo-
JaBaTeleM 3a/1auy.

6. CocraBbTe OTYET O MPOAETAHHON paboTe, B KOTOPBIN JOIDKHBI BOMTH:

— TIeNb JJabopaTOpHOU paboTHI;

— XoJ paboTHI;

— YCIIOBHE NOCTaBICHHOM 3a1ayH;

— cXxeMma Mojenupyemoro GpuiabTpa;

— PHUCYHOK TOIOJIOTHU CTPYKTYPBI B MUKPOIIOJIOCKOBOM HCIIOJTHEHUH;

— (OpMyJIBI U pacyeThl, ONpeeNsIoIIne napaMeTpsl GUIbTPa;

— rpad)uKy ONTUMHU3ALKMH TIOJTY4YEHHbIX IApaMETPOB;

— BBIBOJBI IO paboTe.

KonTposbHbIE BOPOCHI

1. Uro takoe ¢punbTp bartepBopTa u B YeM €ro OTIUYUS OT APYTUX TH-
MoB QUIBTPOB?

2. Kak paccuntaTh 3aTyxaHne B QUIbTpe?

3. Kakue orpaHuyeHusi UMEET TEXHOJIOTUSI U3rOTOBJICHHUSI MUKPOIOJIOC-
KOBBIX JTUHUI?

4. KakuMu COOTHOIICHUSIMU CBsI3aHbl XapPaKTEPUCTUKU COCPEIOTOUCH-
HBIX 3JIEMEHTOB ¥ 3JIEMEHTOB C PacIipe/IeIeHHbIMH MTapaMeTpaMu’?

5. Kakast 1o/ikHa ObITh 0011as1 JJIMHA [10JIOCKOBOrO (hujibTpa?

6. Kakumu BnusHUSAMH NpeHeOperaercs MpH TaKOM MPOEKTHPOBAHHUH
¢uibTpoB?

7. Kak BemyT ceOs KOPOTKHE OTpE3KH JINHWH, BKIIOUEHHBIE B Pa3phIB
JIMHWH, @ UX BOJHOBBIC COMPOTUBJICHUSI — PA3JIUYHBI C JIMHUECH?
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