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YBog

Papap (eHrn. Radio Detection and Ranging) npejacraB/ba cucTeM Koju omoryhaBa aeTekuujy
npucycTBa objekaTa, TO jecT oApehuBame HWUXOBe YJa/beHOCTH W Op3MHe KpeTama e€MHTOBameM
eJIeKTPOMarHeTCKOI' 3payewma - pajiMo-Tajsaca, NnoMohy aHTeHa. EMUTOBaHO 3paueme ce, HAaKOH
pediekcuje o ob6jeKTa Koju ce MOCMAaTpa, pacuria y BUIlle MpaBalja, pU yeMy ce Aeo Bpaha JUpeKTHO
pazapy. AHanu3oM pedJieKTOBaHOT 3payuera [00ujajy ce xxe/beHe nHPopMaluje o 06jeKTy.

JoniepoB paZiap npejcTaB/ba Noce6HY BPCTY pajjapa 4Mju ce paji, KAKo MMe Kake, 3aCHMBa Ha
JonsiepoBoM edekTy. Ycien KpeTawa 00jeKTa, oJ, Wwera he ce pedJieKToBaTH TaJjac Jpyraddje
y4eCTaHOCTH y OJHOCY Ha €eMHUTOBaH, Te ce IocMaTpawmeM ¢asHe pasjiuke (OJHOCHO pasjuKe
y4ecTaHOCTH) OBa JiBa Tajaca MoXe oJpeJJuTH Op3rvHa 06jeKTa y MpaBLy y KOMe je ycMepeHa aHTeHa
pazapa. I[losuTMBHA mpoMeHa ydecTaHOCTH ymyhyje Ha KpeTamwe 06jeKTa Ka paZapy, [OK HeraTHBHA
ynyhyje Ha KpeTame 0/ Hbera.

JlomiepoB pasap peasM30BaH y 0BOM Pajy CacTOjU Ce OJf aHAJIOTHUX KOMIIOHEHTH pealu30BaHUX Y
MUKpPOTpaKacToj (eHIJ. microstrip) TexHoJioruju. [Ipy ToMe, cBU CKJIONMOBU oApaheHU cy Ha MOJJI03U
(eHurn. substrate) Rogers Duroid 5880, ocuM aHaJoTHOr Mellaya, Koju je paheH Ha moJ103u
RogersRO3005.

Kao mTo he y HacTaBKy 6GMUTH omucaHo, 3a NoTpebe pajiapa IMpOjeKTOBAaH je jeJHOCTPYKO
O0aJlaHCUpaHW JUOJHU Mellad Ha ydectaHocTh 5 GHz ¥ BUJIKMHCOHOB JesvTe/b CHare 3a OICET
y4eCTaHOCTHU 2 -6 GHz. 3a JAu3ajH KOJ1a u cUMyJaLyje KopultheH je
NI AWR Microwave Office (MWO) vi3 [1], nok cy KoHauHW JejayTu (eHrJ. layouf) ojpaheHu y
Altium Designer v18[2]. Octajie KOMIOHEHTe CUCTEMAa HUCY MoceGHO MpojeKkToBaHe, Beh cy kopuurheHe
KOMIIOHEHTe INpOjeKTOBaHe Y OKBUPY JUIJIOMCKUX M MacTep pajioBa ApPYTrUX cTyfeHaTa. [loce6GHo, y
HEeKUM cJy4dajeBUMa cy ofpaheHe pmojatrHe cumynanuje y Ansys HESS vi5[3], kako 6M ce HaKHaJHO
NpoBepUJIM pe3yaTtaTH JobujeHn nomohy NIAWR Microwave Office (y HacTaBKy TekcTa ckpaheHo
MWO). [IpunkoM TecTUparwka KOMIJIETHOT pajiapa KopyllheHe cy U /iBe JIeBaK aHTEHE.

Paj je moje/beH y yeTupu norJjiaB/ba. Y NPBOM MOTJIaB/by YKPaTKO je ONKMCaHa KOHCTPYKLHja

paZlapCKoOT CUCTEMA U HerOBH [leJIOBU, KAa0 U KOMILJIeTaH Mpoliec NpojeKTOBamka aHaJorHOT Melllaya U
BUIKMHCOHOBOT [JleJiUTe/ba CHare, ca NpunajajyhuMm memama M pesynTaTuMa cuMyJanuja. Ha kpajy
OpBOT IIOrJIaB/ba IpPUKAa3aHU Cy U JejayTh o6a Koja, Kao M u3paheHH NPOTOTUNOBH Ha
Rogers Duroid 5880w Rogers RO3003 nopnoraMa.
Y ApyroMm norsiaB/by Cy H3JIOKEHH pe3yJTaTH Mepema CBUX KOMIOHEHTH CUCTeMa INOjeJMHA4HO -
n3paheHUX MPOTOTUNOBA U KOpULIheHHUX rOTOBUX KoJja. Y TpeheM mor/iaB/by je ONMCaHO TeCTHpakbe
pajia yesokynHor /lonjepoBor pajapa, a AaTH Cy W pe3yJTaTH J0oOUjeHH TOM MPUJIUKOM. Y 4YeTBPTOM
NOTJIaBJ/by CYMUPAHHU Cy pe3yJITaTH U U3BeJIeHU CY 3aK/by4IiU.



1. MogesioBamke cucTreMa H KOMIIOHEHTH

1.1. [llema cucrema

CucreM [lomyiepoBor pajiapa Koju heMo pasmaTparty npukasaH je Ha ciaunu 1.1. Kog oBakBor pagapa
cUTHaJ ojpeheHe y4yecTaHOCTH JOBOJYU Ce Ca HANOHCKHM KOHTPOJIMCAHOT ocnuiaropa (eHrJ. voltage
controlled oscillator- VCO) Ha BUJIKHWHCOHOB JieJINTe/b CHAare, ojlakje ce ZieJlM Ha JIBa CUTHaja UCTe
Yy4eCcTaHOCTH, aJIi MPUGJIMIKHO YII0JIa Makhe CHAre. JeJlaH u3J1a3 JieJIuTe/ba BOAU Ce Ha NMpPeJlajHy aHTeHy
KOja eMUTYje paZino-Tajiac Ha y4eCTAaHOCTH HAaIOHCKH KOHTPOJIMCAHOT ocliuaTopa. JIpyry usJjas Jo0Boau
ce Ha yJa3 jeAHOCTPYKO GaJlaHCHPAHOT JUOJHOr Meliada. [Ipunnkom pedJiekcuje Tanaca ca npejajHe
aHTeHe 0/l TOKPETHOT 06jeKTa, Jleo TOT Tajaca 6uhe eTEKTOBAH MPUjeMHOM aHTEHOM. YYeCTaHOCT OBOT
CUTHaJIa pas3JiMKyje ce 0Ji yYeCTAaHOCTH CHUTHajla HAallOHCKM KOHTPOJIMCAHOT ocuusaTtopa. Ca mpujeMHe
aHTeHe, IPEKO MaJ/IOLIYMHOI IojavyaBaya, MPpHMJ/bEHN CHUTHaJI Ce I0javyaBa, a 3aTUM JOBOJAM Ha Jpyru
yJ1a3 jeAHOCTPYKO GaJlaHCHPAHOT AUOAHOT Mellada. Ha oBaj HauYMH MOCTIKE ce [ia ce Ha M3J1a3y Mellaya
Jlobuja cUTHaJ/I YMja y4eCcTaHOCT O/IroBapa pasJ/iMId y4eCTaHOCTH EMUTOBAHOT U pedJIeKTOBAHOT TaJsaca.
[To3Hajyhu oBy pa3/iMKy, MOXe ce oJjpelUTH 6p3rHa 06jeKTa y IpaBly eMUTOBaKa Tajlaca.
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npedajua anmenra
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N

pasna
PA3AUKA

LNA

NPUJEMHA AHMEHA
Ciuka 1.1. llemaTcku npuka3 cucteMa JlonsiepoBor pazapa.

Y HacraBky he OUTH omucaH KOMIUIETAaH TPOLEC INPOjeKTOBaka aHAJOTHOT Mellaya U
BUJIKMHCOHOBOT JenuTesba cHare. buhe u3JioxeHH npolecy NpojeKToBaa OBe JBe KoMIoHeHTe y MIWO
U npobJyieMH KOjU Cy je jaBWJIM TOM NpuaukoM. Takobhe, OGuhe H3/10KeH KOMILIETaH AU3ajH o6e
KOMIIOHEHTE, ca mapaMeTpUMa U JMMeH3HjaMa CBUX eJlIeMeHaTa, Kao U KOMIUJIETHU JiejayTH LITaMIIaHUX
MJIOYUILIQ, KAa0 U u3paheHH MPOTOTUITIOBH.

1.2. IIpojekToBare BUIKUHCOHOBOT Jie/IUTE/ba CHAre

lusb oBOT fesa paja je mpojeKToBawke BUIKUHCOHOBOT JenuTesba cHare y oncery 2 - 6 GHz. llusm je
NIOCTU3albe IITO 60/bHMX NepPOpMaHCHM CUCTEMa Ha JATOM OIICery, y3 OyyBaibe jeZJHOCTAaBHOCTH U
peJIaTUBHO MaJIUX JUMeH3Hja KOMIJIETHOT CKJIOMa.
3a nogyiory je usabpau Rogers Duroid 5880 (TedsioH) cinegehux napameTrapa:

e neb6sbHHA cyncTpaTa, A= 1,575 mm;

e  peJlaTMBHA IEPMUTUBHOCT AUEJIEKTPUK], & = 2,2;

e neG/bHMHA MeTasu3alyje, t= 35 um;

e TaHIeHC yrJjaryouTakay AuesekTpuky, tan 6 = 0,002,

HaBezneHe ydvectaHocTu omcera cy y ofgHocy 1:3. OBaj ofHoc u3abpaH je Bojehu ce paHUjuUM
paZiloBUMa KojU ce 6aBe aHAJIM30M JAM3ajHa JesuTe/ba cHare [4]. OpaB/e cy y3eTe U HMIleJJaHCe BOJOBA U
OTIHOPHHUKA, KOjHMa Ce MOCTHXKY Haj6o/be nepdopMaHce AennuTesba 3a TpaXKeHH OJHOC ydyecTaHOCTH. Ho,
TO Cy TeOpHjCKe ,UjieaHe” BpeJHOCTH, Koje He Y3MMajy y 003Up peasiHe eJleMeHTe U HbUX0Be [lapa3uTe,



Kao Y MapasuTe KyhulITa OTHOPHUKA, T€ Cy OHE y3eTe CaMO Kao MOYeTHEe BPEJHOCTU Yy MPOILECY
onTHMHU3aLYje.
[lopsiora, mefoBU M CBe Be3e MOJEJOBAaHU cy NMoMohy oArosapajyhux komnoHeHaTa u3z MWO.
KoHkpeTHoO, uckopuutheHnu cy ciefehu eaeMeHTH:
MSUB - 3a Mozei0Batbe O/IJIOTE;
MLIN - 3a MoZies10Batbe MUKPOTPaKacTUX BOJOBA;
MTEE - 3a Mmoziesi0Bame cnoja Tpu BOAa;
MBENDA - 3a MojiesioBatbe KpMBHHA BOZIOBA 110/, 0AroBapajyhum yriom.

[Tomohy T7X Linekankysnatopa Ao6GUjeHe cy HO4YeTHe UIMPUHE U AyXKHHE BOJOBa, Mojasehu of
W/Jlea/THUX BPeJHOCTH 3a KapaKTepUCTHYHE MMIIe/laHCe U eJIeKTpUYHe AyKHHe BoJoBa U3 [4]. Jasme je
BpLUIeHa JeTa/bHa ONTHMMM3allMja, y MOKYLIAjy Jla ce MoJellaBambeM Jy>KMHA WM LIMPUHA CBUX BOJOBA Y
KoJly [06ujy Hajbos/be Moryhe nepdopMaHce Ha gaToM oncery. [Ipy ToMe, 6UJI0 je HEONXOJHO BOJUTH
payyHa M 0 U3rJejy JiejayTa, OJAHOCHO, NMasUTH Ja Ce CBU CerMeHTH MOTry NPHUK/IaJHO YKJIONUTH Y
jelMHCTBEHY LleJIMHY, Te je y Npoliecy oNTUMHU3alyje U 0BO y3eTO ¥ 063Up. 3a HyMepalujy NIpUcTyna Kao
Ha cauuy 1.3, 6u/I0 je HEONXOAHO JOGUTU MapaMmeTpe S»1 U s31 WTo G6imke —3 dB Ha gaToM omcery
y4ecTaHOCTH, 360T nojeJie cHare Ha fABa. Ca pyre cTpaHe, N0XeJbHO je Ja koebuLMjeHTH pediekcHje
S11, S22 U S33 OyAy IITO MalkbU Ha TPaXKEHOM OIICEry y4eCTaHOCTH, Kao M NpecyllaBamwe M3Mehy n3iaza
$23, OJHOCHO, S32. [leIuTesb ce cacToju O, iBa CETMEHTa, IpU YeMy Cy Yy IpyroM BOAOBU noz yrjoM 90°, jep
ce Ha 0Baj HAYMH CMakbyje Npec/yllaBakbe.

[Ipy ogabupy OTIOPHUKA GMJIO je TOTPeOHO Y3eTH Y 003UP U CKYIl JUCKPETHUX BPeTHOCTH KOje
ce MOr'y HabaBHUTH y c/10604HOj npojaju. OgabpaHa cy JBa oTnopHuka y kyhuumry 0805, oTnopHOCTH
110 Q u 200 Q, pecnekTUBHO. tbux0BM MapasuTH MOAEIOBAHU Cy NpUKIafjHUM Modelithics monenuMa.
KoHkpeTHO, U3 Te 6UG/IMOTEKE Y3eTH CY OTIIOpHULM KOARK73B2A.

Takobhe, MoZesl0oBaHU Cy NeJ0BU 3a JieM/bertbe SMA KOHeKTOpa, 3a WITa cy KopuiuheHu cienehu
Jl0ZlATHY eJIeMEeHTHU:

M3CLIN - 3a Mofie/i0Bam€e TPU BOJla KOjU Ce KOPUCTe 3a JieMJ/bekbe oiroBapajyhux Hoxuna SMA
KOHeKTopa (0BUM MOJIeJIOM y3UMa ce ¥ 063Up crpera u3mMehy BoJj0Ba);
VIA - 3a Mo/iesioBambe BUja (EHIJI. Vias).

Mogen nefoBa 3a JieM/berbe SMA KOHeKTOpa IpUKasaH je Ha canuuy 1.2.

:\I/:I)S(:‘,rll__g\l M3CLIN :\l/DBQrtg\l M3CLIN
= ID=TL1 = ID=TL4
Wi1=w1mm W1=w1 mm W1=w1 mm W1=w1 mm
W;V\/:z3 mm W2=w2 mm %% mm W2=w2 mm
=W3 mm W3=w3 mm =w3 mm W3=w3 mm
S1=s1 mm S1=s1 mm S1=s1 mm S1=s1mm
S2=s2 mm S2=2 mm S2=s2 mm S2=s2 mm
L=I/5 mm L=I/5 mm VIA L=I/5 mm L=I/5 mm
s e ID=V6 Ace=1 Acc=1
e D=rvia/2 mm
Nasts D=V Hehmm VA AT
W=W50 D=rvia/2 mm T=0.035 mm D=7 Wimw mm
h=h H=h mm -~ RHO=1 = = D=rvia/l2 mm Womt mm
wi= T=0.035 mm T Heh mm L=l/5 mm
Wom RHO=1 | e | T=0.035mm -~ T
RHO=1 Taper=Linear
w3=2 [:] [:] [:J Method=Default
$1=1.6-0.5*'w 5 5 -
$2=1.6-0.5'w ] I I I Fx
PORT D {3+ - = =E
MSUB 7=50 Ohm_{ Fx Z=50 Ohm
Er=epsr . X ;I,
H=h mm - - -
T=tmm VIA [ 1 L 1 L 1 }g/:vs
Rho=rho ID=V1 l l D=rvia/2 mm
Tand=tand a=hrwa12 mm i} 1 L Gehmm
ErNom=epsr =h mm - N = =
Name=SUB1 ;;%0315 mm IVDU;\VZ -IQI_-IOOO=315 mm
- D=rvia/2 mm
H=h mm
T=0.035 mm
RHO=1

Cnuka 1.2. U3rsiep nefoBa 3a 1eM/bewe SMA KOHeKTOpa.

[[061/1je1-1a KOHayHa IleMa BHWJIKWHCOHOBOT AejJiiTe/ba CHare, c€a CBHUM L[I/IMeH3I/IjaMa

[apaMeTpHUMa 0/, MHTepeca lIp1MKasaHa je cauuy 1.3.



MLIN MBENDA

MLIN MBENDA MBENDA
ID=TL15 ID=TL22 ID=TL29 DSt - ID=TL33
W=Wb mm W=Wb mm W=Wa mm V=Wa mm - W=Wa mm
L=Lb mm ANG=ang Deg ANG=ang Deg L=lamm  ANG=ang Deg
MBENDA
ID=TL12 5‘9§T
W=Wb mm —
ANG=ang Deg Z=50 Ohm
SUBCKT
ID=S2
NET="SMA_connector_layout"
MLIN
ID=TL1
W=Wb mm MBENDA
L=1.85mm |D=TL25 MBENDA
Wa mm ID=TL7
MLIN MODrkoa0805001 ANG—ang Deg W=W50 mm
ID=TL17 ID=KOA RK73B2A R3 ANG=ang Deg
PORT W=PADW m R=110 Ohm MODrkoa0805001
P=1 L=0 mm MsuB= ID=KOA RK73B2A R1
7=50 Ohm Sim_mode=0 - Full Parasitic Model R=200 Ohm -
MTEE Tolerance=1 MSUB=
ID=TL11 PADW=1.27 mm Sim_mode=0 - Full Parasitic Model
W1=Wb mm PADL=0.7 mm > Tolerance=1
SUBCKT W2=Wb mm ZB: PADG=0.76 mm :B: PADW=1.27 mm
ID=S1 W3=W50 mm Pad_mode=0 - Default to Sim_Mode PADL=0.7 mm
NET="SMA_connector_layout' R_Discrete=Continuous PADG=0.76 mm
4 MLIN Pad_mode=0 - Default to Sim_Mode
ID=TL18 MLIN MBENDA R_Discrete=Continuous
W=PADW mm ID=TL26 MBENDA
MLIN L=0 mm ID=TL20
Ib=TL2t ID=TL5 g O
W=Wb mm =an
L=1.85 mm D MTEE$ W1=Wa mm 9759
ID=TL23 W2=1.27 mm
W3=W50 mm
MSUB MLIN ID=TL27 MLIN
= = SUBCKT
Erepst ID=TL24 W=Wa mm ID=TL36 ID=S3
T=tmm WD m L=1.15mm W=Wa mm NET="SMA_connector_layout"
Rho=rho -
Tand=tand PORT
e, ' =500n
lame= = m
MBENDA MLIN MBENDA MBENDA MLIN MBENDA
ID=TL14 ID=TL16  |D=TL6 ID=TL30 ID=TL32 ID=TL34
g W=Wb mm W=Wbmm  W=Wb mm W=Wa mm WeWa mm W=Wa mm
ANG=angDeg LFLbmm  ANG=angDeg ~ ANG=angDeg /7 °" © ANG=ang Deg

Cnuka 1.3. KoHayHa nmieMa BUNKHHCOHOBOT JleJIMTE/ba CHAre.

1.2.1. PesyusraTu cumyJsanyja

Ha cnuum 1.4 npukasaH je pesyataT cuMmyJsanuje s-napamerapa y MWO, gok je Ha caunu 1.5
npukasaH VSWR (eHru. Voltage Standing Wave Ratio), nobujeH y UCTOM Iporpamy.
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-40
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Ciuka 1.4. S-mapameTpu BUTKMHCOHOBOT fileJinTe/ba CHare.



VSWR

15
-4-VSWR(1) - VSWR(3)
Wilkinson_bent Wilkinson_bent
14 = VSWR(2)
Wilkinson_bent

13

12
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Ciuka 1.5. VSWR BUJIKHHCOHOBOT ie/IMTe/ba CHare.

[lomiTo je mporpaM Npy CUMYyJALMjU M306allM0 YII030pere 0 NpeKopauyewmy INpenopyyeHUX OJHOca
IIMPUHA BOJOBA U BUCHHE CYNCTpaTa, oApabeHe cy AoJaTHe cUMyJanuje, Aa OU ce ayTop YBepHO y
3aJloBosbaBajyhu paj, npojekToBaHOr KoJa. JlogaTHe cuMyJianuje oapabeHe cy y nporpamy Ansys HFSS
noMohy JBe pasjM4yuTe MeToJe MoJesoBarma OTIOPHMKA, KajJeMoBa M KOHJAeH3aTopa: KopuilhemeM
nopToBa M KopullhewmeM IpaHUYHUX ycaoBa. OBM pe3yJTaTH NpUKa3aHM Cy Ha ciaukama 1.6 u 1.7,
pecnekTuBHoO. [lopehemem cnuka 1.4, 1.6 u 1.7 BUAM ce Jja ce y CBa TpH CJIy4yaja pe3y/TaTH JocTa J06po
MOKJIaMNajy, Tako Jia ce MoXe MPUCTYIUTH Aa/bUM KOpaliMa [IpojeKToBaba JieIuTe/ba CHare.

HFSS ports
0
= % X X
-10
-20
-30
-A-DB(IS(1,1))) <-DB(|S(3.3)|) 4-DB(S(3,1)))
HFSS_ports MWO HFSS_ports MWO HFSS_ports MWO
EPDng(ZZ)D 2 DB(|S(2,1)]) —+DB(|S(3,2)])
HFSS_ports MWO HFSS_ports MWO HFSS_ports MWO
-40
2 3 4 5 6
Frequency (GHz)

Cnuka 1.6. S-mapaMeTpy BUIKMHCOHOBOT Jile/IuTe/ba CHare Jo6ujeHu KopuiihemeM IOPTOBA Yy IporpaMy
Ansys HFSS.



HFSS RLC
0
-10
-20
-30 4-DB(S(1,1))  <-DB(S(33)) DB(|S(3,1)|
HFSS_RLC HFSS_RLC HFSS_RLC
HDB(S(2) ¥DB(S2MN) —+DB(S(32)
HFSS_RLC HFSS_RLC HFSS_RLC
-40
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Frequency (GHz)

Cnuka 1.7. S~mapameTpu BUNKUHCOHOBOT Jje/iuTe/ba CHare o6ujeHu KopulihemeM PpaHUYHUX yCI0Ba Y
nporpamy Ansys HFSS.

1.2.2. JlejayT KoJ1a ¥ NPOTOTHI

Y nponecy onTuMu3anyje Ay>KMHa U LIMPHHA BOJOBA Y LIM/bY NOCTHU3abha Hajoo/buX NepdopMaHCH,
yHOpeAHO je MOCMaTpaH U JiejayT KoJia Ja OM ce YCTAaHOBUJIO NPHUK/IAJHO yKJalawe BOJOBA U
koMnoHeHTH. CTora je siejayT Hajupe cactaB/beH y MWO nporpamy. OBUMe ce cTekao U 60/bU YBUJ, O
BEJIMYUHU IUIOYHIlE UM TMO0JI0XKAjy KoMHoHeHTU. KoHayHa Bep3uja JejayTa ypabeHa je y
Altium Designer v18. TlnaBe moBplIMHe MNpeJcTaB/bajy Macy (eHrN. ground plane) ca [owe CTpaHe
IJIOYHILE, IOK IpPBEHe Npe/iCTaB/bajy OaKkapHe BOJI0OBe ca FOpke CTpaHe IJIo4yHrle. Kako 6u ce cipeunso
NoJ/IMBame KaJlaja pu JieM/belby SMA KOHEKTOpa, yJ1a3He U u3JjasHe JUHUje cy oko 0,5 mm kpahe of
Kpaja njio4ule.

Uspabhenu nejayT 3a noasory Rogers Duroid 5880 npuka3saH je Ha ciunu 1.8. [luMeH3uje nyio4ule cy
36,502 mm x 23,985 mm. U3paheHun mpoToTUn nmpuKasaH je Ha caunu 1.9. [lenuTesby je HanpaB/beH U
oAroBapajyhu xjajikbak of, alyMUHHUjYMCKe IJIOYe, YMja je IMpUMapHa yJiora o6e3beherme MexaHUYKe
yBpcTohe.

Csuka 1.8. JlejayT BUJIKHHCOHOBOT Ae/IUTE/bA CHAre.



Ciuka 1.9. [IpoToTyn BUNIKMHCOHOBOT Jle/iMTe/ba CHare.

1.3. [IpojekToBame MelIaya

[lnmb oBor gesia pajia 6UJIO je MPOjeKTOBAamke aHAJOTHOI Mellada 3a yJa3Hy y4ecTaHOCT JIOKAJHOT
ocuusatopa oko 5 GHz, ok ce 3a omncer yyectaHocTu Ha RF ynasy ouekyje 4,5 - 5,5 GHz. [IpojekToBaHu
Melllay NpeJcTaB/ba IAaCUBHU je JHOCTPYKO Ga/laHCUPAHU JUOAHM Mellad. Linsb je 610 0GUTH HITO Mare
ryoUTKe KOHBEp3Mje Ha HaBeJleHOM OIICery y4yeCTaHOCTH.
3a noayiory je uzabpaun Rogers RO3003 cnenehux napameTtapa:

e ne6sbuHa cymncTpaTa, A= 0,508 mm;

e peJlaTUBHA IEPMUTUBHOCT AUEJIEKTPHUK], &, = 3;

e neb6/bMHA MeTajausanyje, t= 17,5 um;

e TaHreHC yrJjaryouTaka y auesektpuky, tan § = 0,001.

[lopsora, mejoBM W CBe Be3e MOJeJIOBAaHM cy noMmohy ojrosapajyhux kommnoHeHaTta usz MWO.
KonkpeTHo, uckopuuihenu cy ciesnehu enemMeHTH:

e MSUB - 3a Moze/I0Balb€ O/IJIOTE;

MLIN - 3a MoZies10Batbe MUKPOTPAKacTUX BOJOBA;

MTEE - 3a MoJZies10Babe C0ja TpU BOJQ;

MBENDA - 3a Mo/iesioBarbe KpUBHHA BOZIOBA O, 0/iroBapajyhum yriom;

MCROSS - 3a MozesioBame CIloja YeTHPHU BOAQ;

MTAPER - 3a Moziesi0oBam€ Cy»Kera BOJI0Ba;

M3CLIN - 3a Moziesi0Bare TPpU BOZA KOjU Ce KOPUCTE 3a JIeMJ/bere 0AroBapajyhux Hoxxuna SMA
koHekTopa (OBMM MO/iesIOM y3HMa ce y 063up crpera u3Mmehy oBHUX BOZ0BA.);

e VIA - 3a Byje.

[IpojekTOBame ce cacToja0 U3 HEKOJMKO BehUX LleJIMHA: IPOjeKTOBakbe ABOCTPYKOT CIpeXxmaka ca
pasrpaHaTiM BojoBuMa (eHra. double-box branch line coupler), MonenoBamwe kopuiiheHe IloTku
JiojJle, NpaB/berwe ojromapajyher usnasHor m-QUIJITpa, MojesoBame IeJloBa 3a JieM/berbe SMA
KOHEKTOPa, Kao U Kpajma ONTUMHU3allkja BOJ0Ba paJii TOCTU3ama e/beHUX NepPOpMaHCH.

1.3.1. IIpojexToBame ABOCTPYKOT CIpeXbaKa ca pasrpaHaTUM BOAOBHUMaA

3a cnpexxmak je n3abpaH JBOCTPYKHU CIPEXHaK ca pa3rpaHaTUM BOJIOBMMA, 3aTO IITO Ce M0Ka3aJo
Jla ce 0/laBambeM CeKIlMja y CIpexmak noBehaBa M weros nponycHu omcer [5]. [lpu npojekToBamy,
MoYeJsio ce OJi TEOPHUjCKU oApeheHUX HJeaHUX KApPaKTEPUCTUUYHUX HMIIEJJAaHCH BOJ0OBA U HHUXOBHUX
Jy)KMHa Kao y [6], Aa 6M ce NaX/bUBOM [JOJAaTHOM ONTHMHU3aLUjoM [J06uJIe 3aj0BoJbaBajyhe
nepdopmMaHce. Y npoliecy onTUMHU3aLKje 610 je IoXKe/bHO JOOUTH Ha LITO HIMPEM OICEry yYeCTaHOCTH
dasHy pasnuky ussaasa of 90°, mrTo Mamwe KoedpuuujeHTe pedekcuje Ha yaa3uMa M IpecayllaBamkbe
u3Mebhy ysasa, nokjanawme aMIVIMTYACKUX KapaKTepPUCTHKA M3J1a3a, KAa0 U NMpeHocHe QyHKIMje BJrcKe
—3 dB. lllema ca KOHaYHUM JJUMeH3HjaMa BO/[0Ba NpUKa3aHa je Ha caunu 1.10.



20=50
Zc1=35
Z62=70%(1+sqrt(2))

Z63=(Zc1"2)*sqrt(2)/20 Zc3: 34.65

MSUB
Er=epsr

H=h mm
T=t mm
Rho=rho
Tand=tand
ErNom=epsr
Name=SUB1

MTEE MTEE

ID=TL4 MLIN MLIN ID=TL1

W1=W50 mm ID=TL9 MTEES Wowimm  WI=W@1 mm
zot:35 - Wosw@gmm RAT T =TS (tmm WD mm
2c2:1207  VISEN@SIM 1ioipisust MSUB=SUBT MSUB=SUBH yioym o™

Z=50 Ohm PORT
MLIN P=2
W1:2126  L1=9.41864 MLIN ID=TL13 Z=50 Ohm
W2=0.18529 L2:10.22 ID=TL14 W=W2 mm
W3=2.15552 L3=12 WEWS mm L=L2 mm
L=L3 mm MSUB=SUB1

MSUB=SUB1

ORT
PORT MTEE MTEE C
P=4 ID=TL3 MLIN MLIN ID=TL2 D onm
7=50 Ohm W1=W@1 mm ID=TL8 MTEE$ ID=TL11 W1=W50 mm =
W2=W50 mm W=WAmm  IDETL19  W=Wimm  wW2=w@2 mm
W3=W@3 mm L=L1mm MSUB=SUB1 L=L1 mm W3=W@3 mm

MSUB=SUB1 MSUB=SUB1 MSUB=SUB1 MSUB=SUB1

Cauka 1.10. KoHayHa 1meMa npojeKTOBaHOT CIpeXHbakKa.

1.3.2. MopgenoBame llloTku guoAE

Juona kopuuheHa npu NpojeKToBamy oBor Melnaya je llloTku auoga NSR201MX koja, 360T CBOjUX
MaJluX JUMeH3Hja, uMa MaJle napasuTHe edekre [7].
3a mMojesioBambe auoje y MWO uckopuinheH je SP/CE mMojen ca cajra npov3Bobhayva [8]. 3aHUMIBUBO je Jja
cy y ToM ¢ajiiy noctojaau ofpel)eHH NpoNyCcTH KOjU Cy UCIPAB/bEHU Y OKBUPY OBOT AUILJIOMCKOT paja.
Cappxaj dunanHor SP/CEMopena fuojie NpyUKasaH je Ha caunuy 1.11.

.SUBCET NSRZ01Mx 1 2
L 1 3 0.45n

C 3 2 50f

D1 3 2 DIODE area = 1
LMODEL DIODE D

+ IS = 123n

+ N = 1.28

+ BV = 5.338
+ IBV = 7.65u
+ RS = 12.2

+ CcJo = 100f
+ VJ = 0.5

+ M= 0.5

+ FC = 0.5

+ TT = 3p

+ Isr = 93.5f
+ Nr = 2.4

+ Ibv = 7.65u
+ Nbv = 40.56
+ Ibvl = 0.008m
+ Nbvl = 1

+ Visw = 0.5
+ Fcsw = 0.5
+ EG = ©50.0m
+ XTI = 2.0

.ENDS NSR201MX
* END OF MODELLING

Cauka 1.11. Cagpxaj SPICEMopaena npuoae NSR201MX.

10



HakoH Tora MojieJIoBaHU Cy MapasuTH IeAoBa 3a JeM/belbe aAuoze. Moaen auoze ca ojroBapajyhum

neJ0BMMa NpHUKa3aH je Ha caunu 1.12.

MLIN
ID=TL10
W=0.6 mm
L=0.47 mm
MSUB=SUB1

PORT
P=2

Z=50 Ohm

NET="Diode_model"

MLIN MGAP2
ID=TL7 ID=TL1
W=0.6 mm W=0.6 mm
L=0.47 mm S=0.26 mm
MSUB=SUB1 MSUB=SUB1
PORT
P=1
Z=50 Ohm
MSUB
Er=epsr SUBCKT
H=h mm ID=S2
T=t mm
Rho=rho
Tand=tand
ErNom=epsr

Name=SB1

Cnuka 1.12. Mogen auone NSR201MX ca ybaueHUM NleOBUMA.

1.3.3. IIpojexToBame T-¢uaTpa

3a ¢unTpupame HeXebeHUX UHTEPMO/YJIAlMOHUX NMPOJAyKaTa Ha M3J1a3y MUKCepa HalpaBJbeH je
dunTap MpPOMyCHUK HUCKHUX YYECTAHOCTH, Ca TOPHOM IpaHMYHOM ydectaHoithy of oko 500 MHz,
y3€eBIIHM y 063Up Ja je TO MaKCUMa/iHa OYeKHBaHa pasJidKa y4ecTaHOCTH Ha u3Jsasy. Ca Jpyre cTpaHe,
NOTPe6HO je IETEKTOBATH U BeOMa HUCKe yYeCTaHOCTH, Te KOH/IeH3aTop 3a Gyiokuparbe DC curHana Huje

Be3aH Y KOJIO.

[Ipu oabupy MHAYKTUBHOCTU KaJieMa U KaNallUTHUBHOCTH KOHJIeH3aTopa 3a 0Baj ¢uiTap, 6Uio je
HEOIXOJHO y3eTH y O063Up CKyNn AUCKPETHUX BPEJHOCTH KOMIIOHEHTH KOje ce MOry HabGaBUTH Y
cno6oaHOj poAaju. U3abpanu cy koHgeH3aTopu Kemet CBROZ kananutuBHocTH 6 pF y kyhumry 0201,
JIOK je 3a KaseM ogmabpaH Coilcraft 0302CS vupyktuBHoctu 20 nH y kyhumty 0302. CBe KOMIOHEHTe
Mo/iesioBaHe cy ofroBapajyhum Modelithics monenuma. lllema fo6ujeHor ¢uaTpa NpUKasaHa je Ha CIAULHU

1.13.
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MODiclc0302001
ID=CLC_0302CS_L1

L=20nH
MSUB=SUB1
Sim_mode=0 - Full Parasitic Model
Tolerance=1 MTEE
PADW=0.53 mm ID=TLA1
PADL=0.25 mm W1=0.53 mm
PADG=0.36 mm W2=0.53 mm
Pad_mode=0 - Default to Sim_Mode W3=0.32 mm
L_Discrete=Continuous MSUB=SUB1
D_D o) \\T\ 03 "
PORT
pP=2
PORT MODCkmt0201001 £=50 Ohm
250 Ohm ICE)=—6K21I:T_CBR02C_C1
MSUB=SUB1 MLIN
Sim_mode=0 - Full Parasitic Model ID=TL5
Tolerance=1 =
MSUB PADW=0.32 mm L e
Er=epsr PADL=0.37 mm MSUB=SUB1
H=h mm PADG=0.19 mm
T=tmm Pad_mode=0 - Default to Sim_Mode
Rho=rho C_Discrete=Continuous VIA
Tand=tand ID=V2
ErNom=epsr D=dvia mm
H=h mm
T=tand mm
RHO=rho

Cnuka 1.13. [llema npojekToBaHoOr T — uaTpa (Apyru KopuurtheHU KOH/IeH3aTOp U3BEJIEH je Ha IJIaBHOj

uIeMH Mellaya).

1.3.4. MopenoBame nefoBa 3a JjeM/berbe SMA KOHeKTOpa

[Ipu MojesioBaky mejoBa 3a JieMbele SMA KOHEKTOpa, Kao U KoJ BUJIKUMHCOHOBOT JAesnTesba,
nckopuuhenu cy eneMeHTu M3CLIN 3a MofesioBame MO TpPU CIperHyTa BoJa, Ha Koje ce JjeMe
oaroBapajyhe HOXHIle KOHEKTOpa, U eseMeHT VIA 3a MoJesioBambe BHja Koje MOBe3yjy oarosapajyhe

BO/I0Be Ha Macy. /lo6ujeHN MoJes efioBa 3a JJeMJbelhe SMA KOHeKTOpa NpHUKasaH je Ha caunu 1.14.
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M3CLIN M3CLIN

N o D3 poTig
W1_ 1 W1=w1 mm Wi=wlmm  \Wi=w1 mm
W2% o W2=w2 mm W2=w2mm  \W2=w2 mm
W3=u3 o W3=w3 mm W3=wBmm  \W3=w3 mm
81:1 o S1=s1mm St=s1mm  S1=g1mm
L=I/5 mm L=l/5mm VIA Ace 1mm L=//5 mm
I=5 Acc=1 Acc=1 ID=\V6 Acc=1
w=1 D=dvia mm
=! H=h mm
\é\ciaygg% ?gévs T=0.035 mm VIA MTAPER
h=h D=dvia mm RHO=1 ID=\/7 ID=MT1
wi1=2 H=h mm = - - D=dviamm = WI=wmm
w2=w T=0.035mm T H=h mm \If\g/?r,:w mm
Eew L L T e
§2=1.6-0.5"'w l {f;:i}i Z%:iél : : | Method=Default
Wl Wl : W : Wl
e -
7= hm.’ . 6 3 =
o sl el ~ PORT
= = _ P=2
58 O
MSUB — . -
Er=epsr l l l
H=h mm e as &
T=t mm
Rho=rho VIA VIA VIA
Tand=tand ID=V1 ID=V2 D23
ErNom=epsr D=dvia mm D=dvia mm D=dvia mm
Name=SUB1 H=h mm H=h mm =h mm

vy, T=0.035 mm T=0.035mm T-0 035 mm
74 RHO=1 RHO=1 RHO=1

Cnuka 1.14. lllema nefjoBa 3a JieM/belbe SMA KOHeKTOpa.

1.3.5. KoHayHHU fU3ajH KoJ1a

[Ipu npojekToBawky KOHA4yHOT JU3ajHa MHUKCepa, ca Z0cajJi HaBeJJeHUM HallpaB/beHUM [leJI0BHMa,
6UJI0 je HEONMXOJHO JOJATHO ONTHMH30BAaTH BOJOBE y KOJIY, pafH IOCTH3aka IITO MamHUX I'yOUTaKa
koHBep3uje. Takobhe, npBo cy y3ete koMmnoHeHTe Behux Bpcta kyhumra (0805, 0603), anu ce nokasaso
Jla cy TyOUIM KOHBep3Hje jako OCeT/bMBU Ha OBe IIPOMEHe, Te Ce NMPeLLIo HAa 3HaTHO Mama KyhuiuTta
(0302, 0201). lpu oagpehuBamwy rybruTaka KOHBEp3Hje, HOCMATPaHU Cy S-NTapaMeTpH 3a BeJIMKe CUTHaJle
Y Ha pa3/IMYMTUM Y4eCcTaHOCTUMa, a ofpabeHa je harmonic balance ananusa ca JiBa TOHa.

JlobujeHa KOHauyHa LIeMa, ca CBUM JMMeEH3MjaMa U NapaMeTpHUMa oJ, UHTepeca NpHKa3aHa je Ha
cauny 1.15.
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VIA

ID=V3
- D=dvia mm
T H=h mm
MBEND MLIN - T=tand mm
ID=NS3 MTAPER ID=TL12 [ _|  RHO=mo
W=W50 mm ID=MT2 MLIN W=0.32mm
ANG=90 Deg W1=W50 mm ID=TL5 L=0.5 mm MODckmt0201001
M=0 W2=0.6 mm W=0.2mm MSUB=SUB1 ID=KMT_CBRO2C_Cf
MSUB=SUB1 L=(L2-W50-0.53+W1)/2- L=L1mmm C=6 pF
MSUB=SUB1 MSUB=SUB1 MSUB=SUB1
MLIN 'I’\;alepﬁ;Lingar " Sim_mode=0 - Full Parasitic Model
thod=Defau BCKT Tolerance=1
SUBCKT K\I\If;o mm ;SDL'J:S% i PADLG 37 o
PORTF ID=S5 L=Lim# mm — NET="Diode ith Pads PADG=0.19 mm
P=1 NET="SMA_connector RF_LO" MSUB=SUB1 - Pad_mode=0 - Default to Sim_Mode
Z=50 Ohm MTEE MTEE C_Discrete=Continuous
Freq=_FREQH1 +del_f GHz [e—-{ [FH¢ =N ID=TL2
Pwr=-10 dBm W1=0.6 mm PORT
W1=0.6 mm W2=0.6 4
=0.6 mm P=3
PORT1 W2=0.6 mm - .
) W3=02 mm W3=02mm 7250 Ohm
2Z=50 Ohm SUBCKT ID=81 MSUB=SUB1 MSUB=SUB1 SUBCKT
Pwr=13 dBm 1D=S6 NET="Coupler" MLIN — . |D=Sz!' . ID=S7
NET="SMA_connector RF_LO" 213 SUBCKT NET="P filter" " NET="SMA_connector_IF"
L=L1m+1 mm ID=S2 MCROSS
MSUB=SUB1 MTAPER NET="Diode With Pags'  [D=TLT
. . mm
W1=W50 mm
MSUB o W2=06 mm MUN Wos0.53 T
Er=epsr VIEWEO mm L=(L2-W50-0.53+W1)2-t4 mm  ID=TL4 WA=0.6 o
thmm ANG=00Deg ~ MSUB=SUBI \vg.2mm MSUB=SUB
T=tmm M=0 Taper=Linear L=L1mmm
Rho=rho MSUB=SUB1 Method=Default MSUB=SUB1
Tand=tand
ErNom=epsr
Name=SUB1

L7

T=tand mm
RHO=rho

Cnuka 1.15. PuHanHa meMa MUKcepa.

Yna3Hu KOHJEeH3aTop M-QUITpa U3BYYEH je Kao Ha CJIULU ca [[u/beM 60Jbe UCKOpHUInheHOCTH mpocTopa
Ha mio4uuny. Takobe, Ha KpajeBe AM0/a Be3aHU Cy U YeTBPTTaJaCHU BOJIOBH, Koju ce 3a RF yuyecTtaHocTu
MOHalllajy Kao OTBOpeHa Be3a, AoK 3a DC BpeAHOCTH NpefCcTaB/bajy KpaTaK CIOj MU Ha Taj Ha4MH
HallpaBJ/beH je YT je JHOCMepHe KOMIIOHEHTe CTPyje Ka MacH.

1.3.6. PesysTaTH cuMyJialigja

CBe cuMyJianigje y HacTaBKy ojpabeHe cy y MWO, ykovKo Huje Apyrauuje HaBeaeHO. Pe3yaTaTu
CMMyJaliyja s-IapaMeTapa IpPOjeKTOBAaHOI CHpeXxwaka, (asHa KapaKTepHUCTHKa, Kao W pas/iuka
npeHocHUX QyHKIIMja Ha U3J1a3y NMpUKa3aHU cy Ha civkama 1.16, 1.17, u 1.18, pecieKTUBHO.

-40

-50

Spar

~-DB(|S(4,1)])
=-DB(IS(2,1)])

DB(S(3,1)1)

~-DB(|S(1,1)I)
uStrip_coupler

uStrip_coupler
uStrip_coupler

uStrip_coupler

35 45 55

Frequency (GHz)

6.5

Ciuka 1.16. S-mapaMeTpu NPOjeKTOBAHOT CIpeXHbaKa.
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Phase diagram
110 q1agr
100
90
80
—-- Ang(Eqn(uss21DIVs31)) (Deg)
Calc
70
35 45 55 6.5
Frequency (GHz)

Cnuka 1.17. ®a3Ha passimka u3Mehy JiBa K3J1a3a MpojeKTOBAHOT CIIPeXKbaKa.

S21_div_S31_dB

-2

=

= DB(|Eqn(uss21DIVs31
Calc

35 45 55 6.5
Frequency (GHz)

Cnuka 1.18. Paznmka npeHocHUX GpyHKIMja HA U3/1a3MMa MPOjeKTOBAHOT CIIPeXXibaKa.

Ha ocHOBy mpukasaHUX pe3y/iTaTa MOXe Ce BUJAETH Ja je NMPOjeKTOBAHU CIpPeXHaK y NMOTIYHOCTH Y
CTamy /1a UCIIYHH CBe 3aXxTeBe Kako 61 MUKcep UMao ke/beHe nepdopmance. Ca cavke 1.16 Buau ce aa je
Jlo6po MpuyaroheH Ha CBOjUM NPUCTYNMMa U Ja je u3oJjaunuja usMmehy nmoptoBa4 u 1 oasmyHa. Ca
cnuke 1.17 ce BUAM Ja cy y KeJbeHOM orncery yyectaHoctH (4,5 - 5,5 GHz) curnanu Ha ussasy 3aucra y
KBaJpaTypH, a ca cauke 1.18 fa je HUBO CMrHaja Ha M3/a3MMa NPAKTUYHO UCTHU y Ke/b€HOM OIICery
y4eCcTaHOCTH.

[IpeHoCcHa KapaKTepUCTHKA NPOjeKTOBaHOT T - QUJITpa NpUKasaHa je Ha caunu 1.19. [Ipumehyje ce
Jia ce GUITap 3auCTa MOHALlAa Kao MPOMYCHUK HUCKHUX YYECTaHOCTH KOjU NPONyLITa U jeJHOCMEpHY
KOMIIOHEHTY.
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S21
0 &
0 - -4~ DB(S(2,1))
-0.9714 dB PI_filter

-40

-60

-80
-100

0 0.5 1 1.5 2
Frequency (GHz)

Ciuka 1.19. [I[peHOCHA KapaKTEepPUCTHKA MTPOjeKTOBAHOT Tt — GUIITPA.

[lojayuare KOHBep3Uje KOMILJIETHOr Mellaya MpuKasaHo je Ha caunu 1.20. Ha wucrtoj cauuu
MpUKa3aHe Cy U J0JaTHe CUMYJIallkje Mojadyamka KOHBep3Uje Melllada oapaheHe y nporpamy Ansys HFSS.
[Ipumehyjemo pasnuky on 1-2dB y ogHocy Ha cumynaunujy vy MWO, anu cy pe3yaTaTH U JAajbe
3aJioBoJbaBajyhe c/iMyHU. 3r0JJHO je HAIOMEHYTHU Jla MAaKO Cce Mojayame KOHBep3uje nmocMmatpa Ao 6 GHz,
Kako 6u ce crpoBesia two-tone harmonic balance aHanu3a, 1MHeapHU Jieo KoJia y nporpamy Ansys HFSS
aHaAJIM3UPaH je 10 y4eCTaHOCTH HeluTo BUlIMX o 30GHz.

Conversion_Gain

P -4-DB(|LSSnm(PORT_3,PORT_1,1_-1,0_1)|)
Mixer

-2 £+ DB(ILSSnm(PORT _3,PORT 1,1 -1,0_1)))

-3 Mixer HFSS

4 45 5 55 6
Frequency (GHz)

Cnuka 1.20. [lojayame KOHBep3Hje MPOjeKTOBAHOT Melllaya.
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1.3.7. IlpBa Bep3wHja JjiejayTa Melnaya

JlejayT Memaya Hajupe je cacraB/beH y MWO pna 6u ce cTekao 60/bH YBU/JL O BEJIUUUHU IJIOYHULE U
noJioxkajy kommnoHeHTH. KoHauHa Bep3uja ypabeHna je y Altium Designer vi8. Kao u paHuje, miaBe
MOBpPILIMHE MPE/ICTaB/bajy Macy ca JJoHe CTPaHe MJIOYHIE, 0K [[PBEHE MPe/[CTaB/bajy 6akapHe BOJIOBE ca
rope cTpaHe miao4ule. Kako 64 ce cripeyunsio noJjiMBatbe KaJjlaja npu JieM/betby SMA KOHEKTOpa, U OB/ie
Cy y/na3He W u3ssasHe JjuHUje oko 0,5 mm kpahe of Kpaja miouuine. U3paheHu Jsejayt 3a moasory
Rogers RO3003 npukasad je Ha caunu 1.21. lumensuje miovune cy 40,297 mm x 25,048 mm.

[To u3paam M3JI0KeHOT [W3ajHA, jaBUJIO Ce HEKOJMKO npobsema. Hajnpe, Heke on kopuurheHux
JIMHUja y rpaHaMa cipexmaka 6use cy muprtHe 0,18 mm, Te cy, 360r orpaHuyema pe3osylLyje u3paje,
NpeKrWHyTe Ha Bullle MecTa. Ca Apyre cTpaHe, 360r Majux JUMeH3Uja KOMIIOHEHTH, HEKU NEeJOBU CY
CTOIUbEHHU Y jeJIHY LieJIMHY, 6e3 npouena usmehy ABa nejja Ha Koje ce JieMe HOXulle KomnoHeHTe. CTora,
O/IIYYEHO je ZIa Ce HANPaBU HOBU /IM3ajH Mellaya, Koju he 6utu Moryhe aJleKkBaTHO U3PaJUTH, U HA KOMe
he komnoHeHTe Mohu jeflHOCTaBHHUje /a ce 3ayieMe. HOBU AM3ajH Melllaya U3JI0XKEH je Y HaCTaBKY.

Ciunka 1.21. JlejayT Melaya.

1.3.8. HoBu au3ajH Memavya

ITpn u3pany HOBOT QH3ajHa MeIIayda, TEXHIIO ce Ja ce nepdopMaHce Memada Ha OICery y4eCTaHOCTH OJf
HHTEepeca He TIOTOPIajy Y OJHOCY Ha MPBOOUTHU Iu3ajH. JJomaTHO OrpaHHYCHE je 1a HHjeIHa MUKPOTpaKacTa
muHAje He Oyne Ttama ox 0,25 mm, a ma HajMame kKommoHeHTe Oyay y kyhumty 0402. [Momro je, kako je Beh
pEUCHO, KapaKTEpPHUCTHKA I0jadara KOHBEP3MjE JaKO OCET/bMBA HA CBE NPOMEHE y KOJy, OBAaKBa NPOMEHA
IIpeCTaBbala j€ W3a30B, U CIPOBEACHA je TEMEJbHO, 33 Pa3INYUTe BPCTE CYICTpaTa, KaKo OM ce JOIUIO /10
HajOoJBeT pesynrTaTa ogHoca nepdopmancH u MoryhHOCTH peanu3zamyje. Y TOM MPOLECy OUTY4eHO je Ja je U
najbe Haj00Jbe MCKOPUCTH cymeTparT Rogers RO3003. Ha cnunu 1.22 mpukasaH je IIEMaTCKH MpPUKa3 HOBE
peanuzanuje memada, Ha ciuiy 1.23 xopumheHn crpexmak, U Ha ciuim 1.24 ¢uiitap MpomycHUK HUCKHX
yudecraHocTu. JJoOMjeHu pe3ynTaTi cuMyJjanyje 3a Mojayamke KOHBEp3uje NpuKa3aHu ¢y Ha cauud 1.25, 1ok je
Ha ciunu 1.26 mpuKa3aH HOBH JiejayT. 3rOIHO j€ HAIIACUTH Ja je ajbe y paay U y peaid3alliju CUCTeMa
panapa xopumheH MCKJBYYMBO OBaj HOBHM JAW3ajH Memada. M3paleHna cy nBa mpoToTHIia, Ha TOpe MOMEHYTOM
cyncrpary. CBakome je, Ka0 M BWIKHHCOHOBOM JENHTEJby, HANpPaBJbeH OATOBapajyhm Xmaamak of
ATyMHHHjyMCKe TUIode. M3rien HampaBJheHOT MPOTOTHIIA NpHKa3aH je Ha ciumu 1.27. JlumeHsuje 1urouwnie
n3noce 59,83 mm x 49,78 mm.
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VIA VIA
ID=V2 ID=V3
D=dvia mm D=dvia mm
H=h mm H=h mm
T=tand mm T=tand mm
= RHO=rho RHO=rho
ID1is [IJ
= — MLIN
\TAPER V0,25 mm ID=TL12 ﬁ%"_’%"s%%_m
MBEND ID=MT2 MSUB=SUB1 Lz Ve RSBt
W1: 2126 {/?/:\’}AVSSS o szg?n rrnnm MSUB=SUB1 Sim_mode=0 - Full Parasitic Model
ANG=90Deg  L=(L2-W50-0.53+W1)/2-1.5 mm SUBCKT Tolerance=1
M=0 MSUB=SUB1 P
MSUB=SUB1  Taper=Linear Il\?l::?—s "Diode With Pads" Eﬁ%@%n&r&
Method=Default (F;ale mod‘e 0&J Dtefault to Sim_Mode
. Iscrete=Continuous
NET="SMA_connector_RF_LO" W=W50 mm SUBCKT
PORTF L=L1m+1 mm MTEE ID=84
Z;O Ohm MSUB=SUB1 ID=TL2 NET="PI_filter" PORT
Freq=_FREQH + del_f GHz MTEE Woso g g ss] P=
Pwr=710 dBm {,[\31_“0-% o % gg5m£1m L] - d ;:go Ohm
PORT1 W2=08mm MSUB=SUB SUBCKT
p=2 W3=0.25 mm ID=S7
ﬁ[sg%hdms m %:%CSKT 77777!\/|78UB=SUB1 PSE?SSS NET="SMA_connector_IF"
NET="SMA_connector_RF_LO" MSUB SUB1 _ - W1=0.53 mm
SUBS%KT W2=0.6 mm
NET="Diode With Pads" W“?;?;? nr:nm
MBEND MSUB=SUB1
MSUB ID=MS3 DT
Erspr MG0Des  d i i
5 M=0 L2-W50-0.534W1)/2-1.4 ”
Ex%?o . MSUB=SUB1 1M§E)lér—_l_?near e mmﬁ mﬁﬂ:ﬁ“
ENomeepsr Method=Default MSUB=SUB1
Name=SUB1
T VIA
D=dvia mm
H=h mm
T=tand mm
RHO=rho
Cnuka 1.22. [lleMmaTCcKy NpHUKa3 HOBOT JM3ajHA Mellaya.
MTEE MTEE
. ID=TL4 MLIN MLIN ID=TL1
Z0=50 W1=W1mm  ID=TL9 ID=TL10 WI=W@1 mm
Ze1=35 W2-Wi@2 mm Wi mm MTEES Jt mm W2=w1
Zc2=70%(1+sqrt(2)) W3=W@3mm L=L1mm ID=TL16  L=L1 W3=W@3 mm
Zc3=(Zc1A2)*sqrt(2)/20 MSUB=SUBT MSUB=SUB1 MSUB=SUB1 MSUB-SUB1 MSUB=SUB1
Zc1:35
Zc2:120.7
Zc3: 34.65
ES1RT POZRT
- MLIN P=
Z=50 Ohm ID=TL12 MLIN MM 5 2=50 Ohm
VR o ID=TL14 =
MSUB W1:2126  L1=9.419 L=L2 mm W=W3 mm W2 mm
Er=epsr W2=025  12:10.22 MSUB=SUB1 L=L3 mm L=.2 mm
H=h mm W3=2.156 L3=L2 MSUB=SUB1 MSUB=SUB1
T=t mm
Rho=rho
Tand=tand
ErNom=epsr PORT MTEE PORT
Name=SUB1 P=4 ID=TL3 MLIN MTEES MLIN DT =3
Z=500hm W1=W@1 mm ID=TL8 :\EI)S_EJ—IQL%U& ID=TL11 WA=W1 mm Z=50 Ohm
W2=Wimm ~ W-W1 mm W=Wimm  W2=W@2mm
W3=W@3 mm k/l- 81 L=L1 mm W3=W@3 mm
MSUB=SUB1 ~MSUB=SU MSUB=SUB1 MSUB=SUB1

Cnuka 1.23. [lleMmaTcKkH pUKa3 ClpexXibaka KopullheHOr y HOBOM /jM3ajHy Mellaya.
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MODiclc0402201
ID=CLC_0402CS _L1

L=20 nH
MSUB=SUB1
Sim_mode=0 - Full Parasitic Model MTEE
Tolerance=1 ID=TL1
PADW=0.5 mm WA1=0.53 mm
PADL=0.45 mm W2=0.53 mm
PADG=0.29 mm W3=0.53 mm
Pad_mode=0 - Default to Sim_Mode MSUB=SUB1
L_Discrete=Continuous
PORT }D—Lﬁ 7675\){7\/ PORT
P=1 P=
Z=50 Ohm Z=50 Ohm
MLIN MODckmt0402004
MSUB ID=TL5 ID=KMT_CBRO4C _C1
Er=epsr W=0.53 mm C=6 pF
H=h mm L=0.75 mm MSUB=SUB1
T=t mm MSUB=SUB1 Sim_mode=0 - Full Parasitic Model
Rho=rho Tolerance=1
Tand=tand VIA Egﬂ?&? mm
Narmemsum) ID=v2 L. PADG=0.38 mm
D=dvia mm | Pad_mode=0- Defaultto Sim Mode
7 T=tand mm l C_Discrete=Continuous
RHO=rho

Cnuka 1.24. dusrtap NponycHUK HUCKUX y4eCTAaHOCTH KopullheH y HOBOM AM3ajHY Meluaya (Apyru

KopHulIheHU KOH/IEH3aTOP U3BE/IEH je Ha IJIaBHOj LIEMH Mellaya).

Conversion_Gain

- DB(|LSSnm(PORT_3,PORT_1,1_-1,0_1)|)
Mixer
E} DB(|LSSnm(PORT_3,PORT_1,1_-1,0_1)])
Mixer_ HFSS
4 45 5 5.5 6
Frequency (GHz)

Ciuka 1.25. PesysitaTi cuMyJialiyja nojayarmba KOHBep3Hje HOBOT JIM3ajHa Melllaya, 106ujeH: ¥

nporpamMmuMa AWRwu HFSS.
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Cnvka 1.26. JlejayT HOBOT j3ajHa Mellaya.

Ciuka 1.27. [IpoToTHn Melaya.

R Wl
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2. PesysntaTH Mepema

2.1. HanoHcku koHTposucanu ocuuaarop (VCO)

Y okBHpy oBOr pafa KopuilheH je HallOHCKM KOHTPOJIMCAHM OCLMJIATOp, paHUje HaNpPaB/beH Yy
CKJIONY NPeTX0AHUX AUIJIOMCKHUX U MacTep paZioBa, Ha cMepy 3a MuUKpoTaacHy TexHUKyY. [Ipn Mepemwmy
HaIlOHCKW KOHTPOJIMCAHOT OCLUJIATOPa, YJIa3HU HAllOH MeHaH je y KopaluuMa oJ no 5 V u nocmaTpas je
CHeKTap u3ja3Hor curHaja. CBU NMpUKa3aHU JAUjarpaMu HalpTaHU cy y nporpamy OriginPro 2015. Ha
cavuuy 2.1 mprKasaHa je 3aBUCHOCT CHare CUrHaja oOJf Y4YeCTaHOCTH, 3a pas/iduuTe yJa3He
KOHTpOJIMILIyhe HaloHe.

. —— oV
i —— 5V
10 15V
_ —— 20V
5 —— 25V
~ —— 30V
G 0-
) ]
)
=
(o]
o

f (GHz)

Ciuka 2.1. 3aBHCHOCT CHare M3J1a3HOT CUTHaJ/Ia HAallOHCKHU KOHTPOJIMCAHOT OCiiMIaTopa o4 y4eCTaHOCTH
3a pa3JIM4YruTe BPpeJHOCTH Y/JIa3HOT HallOHA.

[Ipumehyje ce na HepocTaje 3aBUCHOCT 3a yJja3HU HamoH 10 V. [Ipy oBOM HaloOHY jacHO ce yoyaBa
MIOCTOjarbe HeXke/beHUX KOMIIOHEHTH Y CIIeKTPY — ciypoBa (eHrJ1. spurs). OBa cuTyalMja NpyMKa3aHa je Ha
cavuuu 2.2. Uctu npo6sieM npuMeheH je v pu yaa3HoM HanoHy of, 18 V 1 oBa cuTyalnyja npMKa3aHa je Ha
cauuy 2.3. Y3eBlIM y 003Mp MNpUJIOKeHe pe3yJiTaTe, OBe JBe BPeJHOCTHU yJa3HOr HamoHa ce Hehe
KODHUCTHUTH.
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Power (dBm)

-20 -

-25 -

T T T T T T T T T T T T T T T T T T 1

T
40 41 42 43 44 45 46 47 48 49 50
f (GHz)

Civka 2.2. 3aBUCHOCT CHare M3J1a3HOT CUTHaJIa HAallOHCKU KOHTPOJIMCAHOT OCLUJIAaTOpa 0/, y4eCTaHOCTH
3a y/aa3Hy HanoH 10 V.

Power (dBm)
b
|

-10 -

15 -

-20 4

40 4.1 42 43 44 45 46 47 48 49 50
f (GHz)

Cnuka 2.3. 3aBUCHOCT CHare M3J1a3HOT CUT'HaJla HAllOHCKU KOHTPOJIMCAHOT OCLMJIAaTOPa 0f], yYeCTaHOCTH
3a yJj1a3HU HanoH 18 V.
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2.2. BUIKMHCOHOB JieJInTe/b CHare

Mepemwe napaMeTapa BUJIKHHCOHOBOI JleJMTe/ba CHare M3BesleHO je KopuliheweM aHaniM3aTopa
Mpexxa. Y3eBLIM y 063Up Ja ce 0BUM aHaA/IM3aTOPOM MOTYy MepPUTH Mpexxe ca JABa NPUCTYIa, a JeUTe/b
CHare je esJleMeHT ca TpU NpHUCTyNa, ojpeheHU cy s-mapaMeTpu 3a CBe TPpU KOMOMHalMje O IO JBa
npucTtyna cuctema (IpBU U Apyry, npBu U Tpehy, Apyru v Tpehn). [lopT Koju ce He mocMaTpa 3aTBapa ce
npunarohemeM (oTnopHukoM of 50 (2). OBu nojany yseseHu cy y AWRy KoMe je o[l ’bUX HallpaBJ/beH
s3p dajn Koju onucyje TPONPUCTyIHe Mpexe. U3MepeHU pe3yaTaTU NPUKa3aHU Cy Ha cldKama 2.4, 2.5 u
2.6.

MWO reflection
0
-5
-10
-15
A-DB(S(1,1))) -~ DB(S(1,1)])
-20 Wilkinson_bent Wilkinson_Measurements
EFoB(s(2.2)) DB(IS(2,2))
Wilkinson_bent Wilkinson_Measurements
-25
<-DB(S(33))) DB(IS(3,3))
Wilkinson_bent Wilkinson_Measurements
-30
2 3 4 5 6
Frequency (GHz)

Cnuka 2.4. YiopeaHu npukas koepriyjeHaTa pedJiekcrje BUTKHHCOHOBOT Jle/iuTe/ba CHare JOOUjeHUX
CUMYJIallijOM U MepemUMa.
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MWO _transmission

Wilkinson_bent

XK DB(S(2,1))) DB(SE1))
Wilkinson_Measurements

ADB(I_S(&'I)I) XK DB(SE3,1))
Wilkinson_bent Wilkinson_Measurements
B
3 4
Frequency (GHz)

Cnuka 2.5. YropegHu npukas koeduruyjeHaTa TpaHCMHUCHje BUTKMHCOHOBOT Jie/IMTes/ba CHAre J06ujeHuX

CHUMYJIALIUjOM U MepehuMa.

VSWR

SSWR(1
§Wlhns£7mm'

VSWR(3
+ Wi IkinsorZ_Measuremen"

VSWR(2)
Wilkinson_Measurements

6
A VSWR(
V\Alkins;)Lbem
5
Hvswr2)
Wilkinson_bent
4 QV\ﬁIkinsg%_bem
3
2
1
2

Frequency (GHz)

Ciuka 2.6. YnopeHu npuka3 KoepunujeHara ctojeher Tasaca BUJKMHCOHOBOT Zie/iMTes/ba CHare
JI0OHjeHUX CUMYJIAlljoM U MepehUMa.
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Ha ocHoBy npusioxeHUX pe3ysTaTa MOXe Ce YOUUTH Jia ce pe3ysTaTH A0OHUjeHU CHUMyJalyjoM
Jl06po MOKJIanajy ca pe3yJTaTHUMa A00HjeHUM MepermUMa HalpaB/beHOT MPOTOTHIA, Te Ja CY U3JIa3HU
NOPTOBU HAaNPaBJbEHOT JleJIUTe/ba A40CTa Jo6po npunarohenu. KoeduuujeHTH crojeher Tasaca Ha CBUM
NOPTOBUMAa MawmkH Cy Ha MNPOTOTHIY HEro y CUMyJaldjaMa, IUTO yKa3yje Ha MarkbH MNpOLeHaT
pedJsiekTOBaHe cHare Ha NOPTOBHUMA OJf OHOTA ILITO je 0YeKHUBaHO.

2.3. Memay

KapakTepucTuke Melaya u3MepeHe cy Ha ciaefehu HauvH. Ha RF ysa3 goBesieH je curhain
npubsimkHe cHare o, —10 dBm, xoju ce renepuiue nomohy SDR-a (enra. Software Defined Radio). 3a To
je uckopuiheH mporpaM HampaB/beH Y OKpyxewy GNU Radio, kojuM ce ca jegHOT mpeAajHOT KaHaja
SDR-a masbe curHaza 3aZiaTe y4eCcTaHOCTHM U 3aAaTor HHUBoa cHare Ha RF yna3 memava. Ha LO ysas
Melllaya JIOBeJIeH je cCUTHaJ Npub/mkHe cHare 13 dBm, reHeprcaH noMohy aHa/M3aTopa Mpexa. 3a o6a
yJla3a, FeHepHrcaH je cUTHaJ y omcery ydyectaHoctd oA 4 GHz no 6 GHz, npu 4yeMy cy ofjabpaHe TakBe
BpeAHOCTH Aa usnasHa IF yyecrtanoct nsHocu 10 MHz. U3mepenu cy HuBou curnasa Ha RF u LO ynasy
Melllaya, Kao ¥ Ha M3J/1a3y Mellaya y yeTpJeceT Tayaka M Ha OCHOBY THX NoJiaTaka oApeheHo je nojayarme
KOHBep3Hje y 3aBUCHOCTH of yna3He RF yyecraHoctu. OBU pe3yaTaTy NpUKasaHU Cy Ha cauuy 2.7, 3a
00a MpoTOTHIIA MelTaya.

0
-2
_4- A 4 A |
A ~
a2 o o ' !
Z SR ,
= i N
g -10f N
8 -12_ -
‘m -l14
5 L
E -16 - Simulacije
o -18; AWR
QO
i HFSS v
20 . '
L Merenja:
'22_F Mixerl
T S S M

40 42 44 46 48 50 52 54 56 58 6.0
f(GHz)

Ciuka 2.7. [lojayama KOHBep3Hje Ba IPOTOTUIIA MUKCcepa Jj00UjeHa cuMyJialidjaMa U MepembruMa.

Ha ucroj cinny, paau nopehewa, nprukasaHu Cy ¥ pe3yJITaTyH cCUMyJanyja fo6ujeHu y nporpamuma AWR
u HFSS. llpumehyje ce fa pesyaTaTH Mepema OJCTYIAjy of, pe3yJTara CUMyJalje, aid Ja ce 3aTo
pe3y/aTaTH Mepera /JiBa HallpaB/be€Ha IMPOTOTUINA HM3Yy3€THO A06pO0 IMOKJamNajy, Te Ja Cy pe3yJTaTu
MOHOBJ/bUBU. Y04aBa ce Jla MUKcep UMa 33/l0BoJbaBajyhe mepdopmance ao oko 5,2 GHz, HakoH yera
Nojayake KOHBep3HUje MoCTaje 3HaTHO Joluuje. Ha yyecTaHocTMMa 0J, UHTepeca y OBOMeE pafy, OJ, OKO
4,5 GHz, nepdopmaHce Memiava cy oanudHe. Takohe, MoXe ce MPUMETUTHU Jla MPOTOTUN Opoj 2 uMa 3a
0KO Jenubesn 6o/be nepbopMaHce oj NpoToTUNa 1, Ha HaBeZeHOj yyecTaHOoCTH of 4,5 GHz, Te he ce oH
KOPUCTUTU y GUHATHO]j IOCTAaBLU Mepema paJlapCKor cUcTeMa.
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3. Tectupame pagapckKor cucrema

Konnenuujcku npototun /lonjepoBor pajapa cacTaB/beH je MO y30py Ha NMPBOOUTHO U3JI0XKEHY
meMy (cauka 1.1). HanpaBsbeHu ckjion cucTeMa IIpUKasaH je Ha cauiu 3.1, Ha Kojoj cy obesieXXeHU CBU
JleJIOBU paJlapcKor cucteMa. llesjokynHa koHUTrypalyja HanpaB/beHa 3a TeCTUPakbe pajapckor cucTeMa
NpHKa3aHa je Ha cauLu 3.2.

ManowyMuy Hojatiasatig

Mewa

—— 1

Ipeaajra anTena

Braknaconos gemmnTes SN B ;
HATE F 3 : VCO

Ciauka 3.1. Cksion cucteMa JlonsiepoBor pazapa.

Ipujemua anrrena f

Cinuka 3.2. [locTaBKa 3a TecTUpakbe paja cucrteMa JloniepoBor pazgapa.
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3a xonTposuinyhu Hanon VCO n3abpano je 5V, 3a koju ce Ha BeroBoM M3Jja3y Jo0Hja yuecTaHOCT
oxn oko 4,5 GHz. Ha oBoj y4yecTaHocTu HMBO curHaja 6uo je oko 13 dBm. U3naz VCO goBeneH je Ha
NpOjeKTOBAaHU BUJIKUHCOHOB Jle/INTe/b CHAre, KOjU CUIHaJ eI MPaKTUYHO Ha /iBa jefiHaKa JeJa, 360r
Jlo6pe ycarjlallleHoCTH IOPTOBA. Je/laH U3Ja3 Aie/iuTesba BOAY Ce Ha IpefajHy aHTeHy. KopuiiheHe neBak
aHTEHe jacHO ce BU/e Ha ciaunu 3.2. [lpyru ussas JesiuTesba mose3aH je Ha LO ysa3 memrava. 360r HUBoa
yJIa3HOT CUT'HAJIA Koju ce AoBoau ca VCO, HUBO curHaJjia Ha ysa3y Melnada je oko 10 dBm. OBo je Mabe o
npeasubenux 13 dBm nHa LO ys1a3y Meladva, aiu ce KacHUje 10Ka3aJIo Ja CUCTEM UIIaK aJleKBaTHO pajy,
TO jeCT JjJa OBO CMalbeke CHare pakTUYHO He yTHYe Ha CMameme 1ojayakba KoHBep3uje Memayva. Ha RF
yJla3 Melllaya Be3aHa Cy JBa MaJolllyMHa IlojayaBaya. KopuiiheHu nojayaBayu uspabheHu cy o cTpaHe
JPYTuX CTyJleHaTa y OKBUPY AUIJIOMCKUX U MacTep pajioBa. [lomoly mbuX, HUBO JleTeKTOBAaHOT CUTHaJA
ca npujeMHe aHTeHe ce noBehaBa. KacHuje je yTBpheHo ga cucteM pazu u 6e3 npukasaHux JIHA,
OJIHOCHO, /la HYje HeollX04HO NToBehaTH HUBO CUTHAJIa KOjH ce IeTeKTYje, 3a KopuliheHy KOHQUTYpaLujy.
Ha u3sa3 mMelnaya crojeHa je COHZIa OCLIMJIOCKOIIA U HA HbeMy je ocMaTpaH U3Jla3HU curHajl. CucreM je
TecTUpaH KopuliheweM MeTaJHOT CTOHOT BEHTHJIATOPa.

BenTusatop ce nepuoaudHo okpehe, Te npejcTaB/ba aZleKBaTaH 06jeKaT 3a TeCTUpamwe pajapa, To
ject, cumyJipa o6jekaT Koju ce Kpehe Ka CHCTEMY KOHCTAaHTHOM OP3WHOM, a /Jja je NPy TOMe yBeK Ha
HWCTOM pacTojalby of, cucteMa. Ha Taj HayMH Ha ocuuaockomny je Moryhe JOOGUTH NepUOAUYAH
JIeTEeKTOBaH CUTHaJ, HEONMXOJaH 3a "3aKk/bydyaBale OKupaada"' (Tpurepa) ocnuyockoma. CHrHana Ha
OCLIMJIOCKONY JA06UjeH OBOM NpPUJIMKOM MpuKa3aH je Ha ciaunu 3.3. Takobe, kajja ce BEHTUJIATOP
HCK/bYYH M yYECTAHOCT OOpTama BEHTHUJIATOpa MOUYMEbe Jla Ce CMambyje, jacHO ce mpuMehyje kako ce
NepHOJ, CHUM/bEHOT CUTHaJ/Ia Ha ocuMIocKony nosehasa. OBO je mpuKa3aHo Ha cauLu 3.4.

Ha ocHOBy cBera HM3/i0)K€HOT, MOXe Ce 3aK/bYy4UTH [Jla je OBUM eKCIIepUMEHTOM KOHIeNIHjCKH
NpHUKasaH paj JlonaepoBor pajapa.
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Civka 3.4. [loBehaBame nepuo/ia cUrHasa Kao nocjaeuia MCK/bY9MBamkba BEeHTUIATopA.
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4. 3ak/by4yak

Peasusanyja Memada U1 BUJIKMHCOHOBOT JlesiuTe/ba CHAare M3UCKUBAJIa je TeOpPHUjCKa 3Hawa Koja ce
OJIHOCe Ha IIPOjeKTOBale OBUX KOMIOHEHTH, CIIpexmaka, puarapa NpolycHUKa HUCKUX y4eCTaHOCTH,
Mo/ieJIoBambe uojie UT/. busa cy HeonxonHa U oipeheHa MpakTUYHA 3Hama MOMYT JIeMJ/bera, Oylliermna
pyna 3a NocTaB/balbe XJafiibaka, Kao M Kopulihewe MepHe olpeMe. Y3 To, 6UJIO je HEONXOAHO IMpHU
MO/le/I0Bakby NPaBUIHO MCKOMOHMHOBATH OBa IPAaKTHYHA U TEOPHjCKa 3Haba.

Pesysntatu Jo6ujeHM MepemweM BHJIKHHCOHOBOI Jie/iMTes/ba CHare OJJIMYHO Ce CJAaXy ca
pe3yJaTaTUMa [J0O0MjeHHM CHMyJallMjoM. M3/1a3HM NOPTOBHU Cy A06pO yHapeHH, [JOK je KoepULHjeHT
crojeher Tajsaca Ha CBUM NOPTOBMMAa 60/bM Ha HANpaB/beHOM NPOTOTUILY, HETO LITO je MpeaBUbheHO
cuMyJialiyjama.

Pe3ysiTaTu f06UjeHN MepewmeM Mellada 0/CTyNajy of, pe3yJiTaTa J00HjeHUX CUMYJIallkjoM, HAaKO Cy
Y Jasbe 3a70BoJbaBajyhu Ha omcery of 4 GHz nmo oko 5.2 GHz. [lpu Tome, mpoTtoTunm 6poj 2 MMa Ha
MOYeTKY HaBeJleHOT OIicera 3a OKO Jelubes 60/by KapaKTepHUCTUKY Nojayalha KOHBEP3Uje o MPoToTHIa
6poj 1, fok ce ca noBehamweM y4yecTaHOCTH KapaKTepPUCTHKe OBa JiBa NPOTOTUIA CBe BHUIIe IOKJAMNajy.
Wako pe3ynTaTu Mepera Mellaya OJCTyNajy oJ CUMyJalikja, OBaKBO A06pO MOK/Ianamwe neppopMaHCcH
MPOTOTHIIA yKa3yje Ha TIOHOB/bUBOCT pe3yJTaTa.

HajBehu mpo6GsieM npejicTaB/bao je MOYETHH [U3ajH Melladya, onucaH y mnorsiasmky 1.3. Hajrame
JIMHUje 6ue cy Ae6sbuHe oko 0,18 mm u npu U3paju cy NpeKMHyTe Ha HEKOJIMKO MeCTa, 0K Cy Nel0BU
3a koMnoHeHTe AuMeH3uja 0201 6UM cTON/beHH Y jeHY LesqnHy. KomnoHenTe y kyhumty 0201 6ute cy
Y npobJieMaTHYHe 3a JieMJ/bebe, 360T CBOjUX U3Y3eTHO Ma/IUuX AUMeH3Hja. [Ipy nmpesacky Ha KOMIIOHEHTe
y Behem kyhumty 0402, neM/bere je Takohe mpeacTaB/bajsio M3a30B, ald je GUJI0 U3BOJ/bUBO. Jambe
noBehaBame KOMIIOHEHTH HUje NPeNnopy4/bUBO 360T HbUXOBOI HENIOBOJLHOT YTHIaja HA KAPAKTEPUCTUKY
Melllaya.

[Ipyn TecTHpamwy LeJIOKYIHOI pajapckor CUCTeMa, BU/A/BHUBO je yodyeHa Be3a M3MeDy nepuoja
CUTHaJIa Ha U3J1a3y Melllaya ¥ y4eCcTaHOCTHU 06pTaja BEHTU/IATOPa, Kao 06jeKTa HaJi KOjUM je BpILIEH TeCT.
Ha ocHOBy ¢uHasHHX eKcneprMMeHaTa, MOXKe Ce 3aK/byYUTH [Jla je Ha O0Baj HA4YMH KOHIEIMIHUjCKU
NpHKa3aH NpUHLHUI paja JomiepoBor pajapa.
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